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Acronyms and Abbreviations

Bay-Delta San Francisco Bay/Sacramento—San Joaquin
River Delta

CALFED CALFED Bay-Delta Program

CCF Clifton Court Forebay

CCTAT Clifton Court Technical Advisory Team

cfs cubic feet per second

Corps U.S. Army Corps of Engineers

CVP Central Valley Project

CVPIA Central Valley Project Improvement Act

CWA federal Clean Water Act

D-1641 State Water Board Decision 1641

Delta Sacramento—San Joaquin River Delta

DFG California Department of Fish and Game

DWR California Department of Water Resources

E/l export/inflow

ESA federal Endangered Species Act

EWA Environmental Water Account

JPOD joint point of diversion

msl mean sea level

NOAA Fisheries National Marine Fisheries Service

Reclamation U.S. Department of Interior, Bureau of
Reclamation

ROD Record of Decision

RWQCB Regional Water Quality Control Board

SDIP South Delta Improvements Program

SDWA South Delta Water Agency

SR State Route

State Water Board
SWP

SWP Banks facility
taf

State Water Resources Control Board

State Water Project

State Water Project Harvey O. Banks facility
thousand acre-feet

TBP Temporary Barriers Project

TDS total dissolved solids

USFWS U.S. Fish and Wildlife Service
VAMP Vernalis Adaptive Management Plan
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Appendix A
South Delta Improvements Program
Alternatives Development and Screening

Introduction

The California Department of Water Resources (DWR) and the U.S. Department
of Interior, Bureau of Reclamation (Reclamation) have agreed to jointly pursue
the development of the South Delta Improvements Program (SDIP). The SDIP is
being pursued to address the needs of the aquatic environment, as well as
regional and local water supply needs. DWR and Reclamation are proposing the
SDIP to meet this basic purpose and need set forth below. This report
summarizes the alternatives development and screening process for the SDIP.

Need for Action

DWR and Reclamation have identified three needs for the proposed action:

m  Reduce movement of fish into south Delta. The operations of the State Water
Project (SWP) and Central Valley Project (CVP) export facilities in the south
Sacramento—San Joaquin River Delta (Delta) can change flow patterns in
local channels. This can cause migrating juvenile San Joaquin River
watershed fall-/late fall-run Chinook salmon, a candidate for listing under
the federal Endangered Species Act (ESA), to move into the south Delta
from the San Joaquin River, primarily through Old River. This can lead to
fish mortality increases due to predators and higher levels of exposure to
export facilities and agricultural diversions. Survival of juvenile fall- and
late fall-run Chinook salmon may be increased by keeping them in the main
channels of the San Joaquin River until they reach the central Delta and
eventually the Pacific Ocean.

m  Maintain adequate water quality and quantity for south Delta water users.
Local south Delta water users downstream of the head of Old River are
affected by water quality and water levels at each intake location. These
conditions are influenced by many factors, one of which is diversions in the
south Delta by the SWP and CVP.
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m Increase exports to south-of-Delta contractors. There are unmet water
supply needs, with respect to quantity and reliability, south of the Delta for
agriculture, municipal and industrial, and environmental uses.

Objectives Used For Screening

Based on the project needs described above, DWR and Reclamation used broad
objectives to ensure that all possible single-component/single-objective
alternatives were considered in the screening process. The objectives used for
screening are:

m  minimize the loss of San Joaquin River salmon as a result of operation of the
SWP and CVP export facilities;

m improve the reliability of the South Delta Water Agency (SDWA) to divert
water needed to meet consumptive use needs within its boundaries by
maintaining adequate water quality and quantity; and

m increase water supply to SWP and CVP water contractors through increased
diversions into Clifton Court Forebay (CCF) and maximize the frequency of
8,500 cubic feet per second (cfs) pumping at the SWP Harvey O. Banks
facility (SWP Banks facility).

The objectives used for screening vary slightly from the actual project objectives
described in the environmental impact statement/environmental impact report
(EIS/EIR) because as the project was developed, the objectives became more
specific to the project need. The EIS/EIR project objectives are:

m reduce the movement of San Joaquin River watershed Central Valley
fall-/late fall-run juvenile Chinook salmon into the south Delta via Old
River;

®  maintain adequate water levels and, through improved circulation, water
quality available for agricultural diversions in the south Delta, downstream of
the head of Old River; and

m increase water deliveries and delivery reliability to SWP and CVP water
contractors south of the Delta and provide opportunities to convey water for
fish and wildlife purposes by increasing the maximum permitted level of
diversion through the existing intake gates at CCF to 8,500 cfs.

Summary of SDIP Proposed Project Alternatives

The SDIP alternatives consist of one or more of the following elements:
m increasing the maximum allowable diversion at CCF to 8,500 cfs;

m dredging portions of West Canal, Middle River, and Old River to improve
conveyance capability during periods of high SWP and CVP Delta exports;
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m constructing permanent operable barriers to improve water supply reliability
and water quality in the south Delta;

m dredging local channels to reduce the frequency of barrier operations and to
accommodate improvements to existing agricultural diversions (extending
intakes); and

m constructing a permanent operable fish control structure at the head of Old
River to reduce fish losses at the CVP and SWP export facilities.

For purposes of the development of alternatives and the impact analysis, the
elements of the SDIP that will be combined into alternatives can be divided into
two categories: physical/structural component and operational component. The
physical/structural component is the gates (including temporary construction
staging areas and operation of the gates), dredging of channels (including the
placement of dredged material), and extension of agricultural diversions. The
operational component is associated with the timing and volume of diversions
occurring at the SWP and CVP facilities.

Screening Methodology and Criteria

The SDIP alternatives analysis was conducted in four phases: project objective
screening; technology, logistics and compatibility screening; cost screening; and
environmental impact screening. Figure A-1 summarizes the screening results.
Four categories of alternatives are described below: No Action, Export-Related,
Local-Related, and Fish-Related.

First-Phase Evaluation

In the first phase, which occurred at the beginning of project planning, the DWR
assembled single-component alternatives based on their potential to meet one (or
more) project objective (i.e., export, local, or fish). These alternatives were
developed from a series of interagency meetings that DWR and Reclamation held
during 2001 with the U.S. Fish and Wildlife Service (USFWS), National Marine
Fisheries Service (NOAA Fisheries), California Department of Fish and Game
(DFG), and the U.S. Army Corps of Engineers (Corps). At these meetings, the
agencies discussed and commented on the SDIP.

The first phase separated the alternatives into three single-component and single-
objective groups—export-, local-, and fish-related alternatives. These groups of
single-component/single-objective alternatives were then evaluated for their
ability to meet the relevant project objective, i.e., export alternatives/export
objective. The ability of each alternative to satisfy the relevant project purpose
was considered only on a general or reconnaissance level. The first-phase
screening eliminated those alternatives that could not meet a remedial level of
screening based on the project objectives.
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Second-Phase Evaluation

The second phase involved screening the single-component/single-objective
alternatives for feasibility based on existing technology, logistics, and
compatibility with the other project objectives. In the second phase, the
alternatives carried forward from the first phase evaluation were analyzed in
greater detail. Each screening criterion was rigorously applied to each alternative
to identify practicable alternatives to achieve the project purpose. The second
phase defined those potentially practicable alternatives that required detailed
study for comparison of environmental and cost considerations. Based on the
more detailed information, those alternatives that were determined to be
infeasible due to existing technology, logistical considerations, and/or
incompatibility with the other project objectives were eliminated.

Third-Phase Evaluation

In the third phase, all feasible single-component/single-objective alternatives that
were retained after second-phase screening were examined in detail and screened
for feasibility based on cost. The alternatives that were not precluded from
further analysis (based on the other screening criteria) were compared by their
estimated costs in the third phase screening. This economic criterion focused on
identifying the alternative that would best satisfy most of the basic project
objectives at the most reasonable cost.

Fourth-Phase Evaluation

The fourth phase consisted of detailed analysis that is part of the environmental
impact evaluations necessary for the EIS/EIR. Detailed environmental impact
assessments focusing on environmental issues, including aquatic ecosystem
impacts, were conducted for the comprehensive project alternatives. In addition,
this screening phase identified the least environmentally damaging alternative,
subject to 40 Code of Federal Regulations (CFR), Part 230, Sections 230.10(b),
(c), and (d).

Practicability Analysis of
South Delta Improvements Program Alternatives

The following sections of this report discuss the screening of alternatives for the
SDIP for inclusion in the EIS/EIR.
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First-Phase Screening of Alternatives

The purpose of the first-phase screening is to evaluate all the single-
component/single-objective alternatives that have been identified as possibly
meeting at least one of the project objectives. They have been
developed/identified as single-component and single-objective alternatives with
the understanding that multiple single-objective/component alternatives will be
linked together to form comprehensive project alternatives (meeting most or all
of the project objectives) in the fourth-phase screening process. The first-phase
screening evaluates whether the identified single-component/single-objective
alternatives are feasible based on whether they meet the applicable project
objective. Each applicable project objective used for screening purposes is
identified at the beginning of each of the single-objective sections below.

Fish Objective Alternatives

The fish objective used to screen these alternatives is:

m  Minimize the loss of San Joaquin River salmon as a result of operation of the
SWP and CVP export facilities.

Six alternatives with the potential to meet the project’s fish objective have been

reviewed. These alternatives include:

m screening CCF intake,

m fish control structure at the head of Old River,

m screening agricultural diversions,

m other conceptual south Delta fish facilities,

m  acoustic fish barrier, and

m reduction of CVP and SWP exports.

Those alternatives meeting the criteria of the fish objective are retained for

further consideration; those not meeting the criteria have been removed from
further consideration.

Fish Objective Alternatives Retained for Further
Consideration

The following fish objective alternatives would meet or contribute substantially
to meeting the fish objective and are therefore retained for further consideration.

Screening Clifton Court Forebay Intake
This alternative would place operable fish screens in front of the existing intake
to CCF. These screens would meet current requirements for approach velocity
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(perpendicular to the screen) and sweeping velocity (parallel to the screen). Fish
would be bypassed from the screens into a fish handling facility where they
would be separated and prepared for transportation back into other areas of the
Delta for release. Removing fish at this location would potentially reduce losses
from predation in CCF and direct losses from the SWP pumps. The alternative
could meet the fish objective and is retained for further evaluation.

Fish Control Structure at the Head of Old River

This permanent, gated structure would be constructed at the head of Old River at
its confluence with the San Joaquin River. During the spring, it would be closed
to protect outmigrating salmon smolts from being drawn toward the CVVP and
SWP diversions. When not closed, the gates would allow flow from the San
Joaquin River into the south Delta. The exact configuration of this barrier is still
being developed. DWR is evaluating several designs. More information on this
design alternative and its feasibility is provided in the second-phase screening
discussion. The alternative meets the fish objective and is retained for further
consideration.

Screening Agricultural Diversions

This alternative would screen all agricultural diversions that are extended (24) or
consolidated/extended (40) (both local objective alternatives). These screens
would be designed to minimize fish impingement and keep fish from being
pulled through agricultural pumps and siphons. When the diversion is extended
or consolidated/extended to improve water supply conditions, a properly sized
screen would be installed on the end of the siphon/pump.

This approach could contribute to reducing the loss of San Joaquin River salmon
directly caused by local water diversions. The operation of the SWP and CVP
export facilities may indirectly contribute to losses at local water diversions by
drawing more fish into the south Delta where they are exposed to additional risks
at local diversions. Therefore, this alternative could minimize the loss of San
Joaquin River salmon in the south Delta and is retained for further consideration.

Other Conceptual South Delta Fish Facilities

As described above, the CALFED Record of Decision (ROD) identified the
design and construction of new fish screens at CCF and CVP Tracy facilities as
an integral element in allowing the export facilities to pump at full capacity more
regularly. However, initial investigations have revealed potential problems with
the construction and operation of new fish screens at CCF. In response, the
Clifton Court Technical Advisory Team (CCTAT) has developed 17 conceptual
south Delta fish facilities as alternatives to a screened CCF intake.

These alternatives attempt to address the cost, timing, and technical concerns
associated with the current approach to CCF screening, known as the CALFED
Module Series approach. This approach would use a series of fish screening
modules, each designed to handle 2,500 cfs, at CCF. The module approach was
to be tested at the CVP Tracy facility but has yet to be tested and was placed on
hold because of cost concerns. The Module Series problems include:

m  high capital costs,
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m uncertain technologies used before tested,

m long buildout schedule (several decades),

m delay of CALFED ROD schedule,

m  minor fish benefits prior to full buildout of facility, and

m  minor water supply reliability benefits prior to full buildout.

The alternatives developed in response to the Module Series problems all
anticipate the eventual objective of accommodating SWP pumping of 10,300 cfs.
These alternatives fall into the following three general categories: CCF internal
bypass, Italian Slough bypass of CCF, and new fish facility at existing point of
diversion. These options could contribute to minimizing the loss of San Joaquin
River salmon at the export facility; they are retained for further review.

Clifton Court Forebay Internal Bypass. These alternatives all entail the
creation of a corridor through CCF to the existing fish screens. The alternatives
differ in that some propose to use the existing CCF intake and others a new
intake via Italian Slough. All the alternatives in this category would use CCF for
the storage of water that has first passed through the fish screens. This
“screened” water would be used to supply water for operation of the pumps. The
creation of the internal bypass would allow all water diverted into CCF to be
screened and, therefore, limit impacts of predation.

Italian Slough Bypass of Clifton Court Forebay. Alternatives in this category
all use Italian Slough either as the only diversion point or in conjunction with the
existing diversion point. Whether relying solely on Italian Slough or using it in
conjunction with the existing diversion point, the total diversion capability would
be large enough to support a pumping capacity of 10,300 cfs.

New Fish Facility at Existing Point of Diversion. The alternatives in this
category all use the existing diversion point into CCF with the installation of new
fish screens and salvage facilities in conjunction with dredging of West Canal to
help facilitate increased flows. A number of these alternatives would abandon
the existing fish screening facility while others would use it only during high-
volume pumping.

Acoustic Fish Barrier

This alternative would involve the construction and operation of an acoustic fish
barrier at the head of Old River at its confluence with the San Joaquin River.
Through the use of acoustic signals, the barrier would assist the migration and
guidance of salmon along the San Joaquin River and help protect them from
being drawn toward the SWP and CVP diversions. This alternative could meet
the fish objective and is retained for further evaluation.

Reduction of Central Valley Project and State Water Project Exports
The operations of the SWP and CVP export facilities in the south Delta can
change flow patterns in the local channels. This can cause San Joaquin salmon to
move into the south Delta, primarily through Old River where fish mortality
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increases due to predators and higher levels of exposure to export facilities and
agricultural diversions. Therefore, a reduction in total exports (i.e., diversion
limits less than the current permitted amount) may reduce the number of fish
entering the south Delta, thus reducing the loss of San Joaquin River salmon.
This alternative could meet the fish objective and is retained for further
evaluation.

Purchase/Fallow South Delta Water Agency Agricultural Users’ Land
Purchasing land for the purposes of having it taken out of production would
result in decreasing the SDWA water use demands in proportion to the amount of
acreage taken out of production. This reduction in consumptive use needs could
result in fewer diverters, which would reduce the effects on fish from these
diversions. This alternative is therefore retained for further evaluation.

Fish Objective Alternatives Not Retained for
Further Consideration

Each of the single-component/single-objective alternatives identified would meet
the fish objective. Therefore, all alternatives have been retained for further
evaluation in subsequent screening phases.

Local Objective Alternatives

The local objective used in the first-phase screening is:

m Improve the reliability of the SDWA to divert water needed to meet
consumptive use needs within its boundaries by maintaining adequate water
quality and quantity.

DWR and Reclamation identified 13 single-component/single-objective
alternatives with the potential to at least partially meet the project’s local
objective. These local objective alternatives include modifications to the existing
intake facility, flow barriers, channel dredging, changes to agricultural
diversions, and other methods to meet the objective. They include:

m  new northwest CCF intake,

m  existing intake/enlarge West Canal,

m  existing intake/levee setbacks on West Canal,
m temporary barriers,

m permanent south Delta flow control structures,
m localized dredging,

m extending agricultural diversions,

m consolidating/extending agricultural diversions,
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m treatment of local agricultural drainage water,

m  pumping from CCF to SDWA agricultural users,

m purchases/fallowing of SDWA agricultural users’ land,
m compensation for agricultural pump damage, and

m reduction of CVP and SWP exports.

Those alternatives that could at least partially meet the criteria of the local
objective are retained for further consideration; those that do not contribute to
meeting the criteria have been removed from further consideration.

Local Objective Alternatives Retained for
Further Consideration

The following local objective alternatives would meet or contribute substantially
to meeting the local objective and therefore are retained for further consideration.

Construct New Clifton Court Forebay Intake

This alternative would require DWR to construct and operate a new intake
structure along the northern edge of CCF. Because Delta channels north of the
existing intake gates have larger cross-sectional areas than the southern channels,
a new northern intake would allow more water to be diverted with fewer impacts
on south Delta water levels.

Two sites are being considered for this intake, which would include a new fish
screen and have a capacity of 8,500 cfs. The first site would be in the northeast
corner of CCF at the confluence of West Canal and Old River. The second site
would be in the northwestern corner of CCF. This intake would take water from
Old River through screens and across a portion of Byron Tract and then into
CCF. Both possible new intake locations are retained for further evaluation
because they could partially meet the local objective of improving the reliability
of SDWA diverters, as water would be diverted primarily from north of the CCF,
rather than from within SDWA boundaries.

Existing Intake/Enlarge West Canal

This alternative would involve enhancing the ability of West Canal to convey
water from the north to the current CCF intake by dredging to increase the
available areas of flow. The West Canal would be enlarged by 3-foot channel
bottom dredging between the existing CCF intake north to the Victoria Canal.
Approximately 10,000 cubic yards of material would be removed. This
enlargement would produce less drawdown from intake operations. The
increased capacity from the north provided by the dredging would obviate some
of the water level problems currently experienced in the south Delta by allowing
the project to pull more water from the north rather than from the south and east.
This alternative could partially meet the local objective and is retained for further
evaluation.
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Existing Intake/Levee Setbacks on West Canal

This alternative would involve enhancing the ability of Old River to convey
water from the north to the current CCF intake by setting back levees on either
side of Old River (Coney Island and CCF) to increase the available area of flow.
This setback potentially could produce less drawdown from the existing intake
operation. Increased capacity from the north could obviate some of the water
level problems currently experienced in the south Delta by allowing the project to
pull more water from the north rather than from the south and east. This
alternative could partially meet the local objective and is retained for further
consideration.

Temporary Barriers

In this alternative, the current Temporary Barriers Project (TBP) 2001-2007
would continue. The program involves the seasonal installation of four barriers:
one in Middle River, two in Old River, and one in Grant Line Canal. Three of
the barriers are operated to improve water levels and circulation for agricultural
diversions during the growing season. The fourth barrier, in Old River at its
confluence with the San Joaquin River, is designed to assist outmigrating salmon
during the spring and emigrating salmon during the fall. The barriers are a
combination of rock placed into the main channel bed at each location and
overflow weirs and several gated culverts. Although the flow and fish barriers
function as intended to maintain adequate water levels and prevent movement of
salmon, respectively, they have limited ability to respond to continually changing
hydraulic and environmental conditions in Delta channels. However, this
alternative meets the local objective and is retained for further evaluation.

Permanent South Delta Flow Control Structures

A system of permanent operable flow control structures installed at strategic
locations in south Delta channels could improve water levels and circulation by
opening and closing operable gates during phases of the tide. Presently, two
permanent flow control structure sites are under consideration in the same
locations (Middle River and Old River) where temporary barriers are constructed
now; and two locations for a permanent structure on Grant Line Canal are being
considered. DWR has examined different types of flow control facilities: rock
weirs, gated concrete structures, and inflatable rubber dams. More information
on these optional designs and their technological and logistical feasibility is
provided in the second-phase screening discussion.

Several variations of this alternative are possible: (1) construct permanent
structures at Middle River and Old River near Tracy only; (2) construct
permanent structures at Middle River, Old River near Tracy, and in Grant Line
Canal near the Tracy Oasis Marina; and (3) construct permanent structures at
Middle River, Old River near Tracy, and in Grant Line Canal just east of its
confluence with Old River. The variations would differ in that not all structures
operate at the same time, and each alternative would have different operational

! In fact, DWR has installed a temporary barrier in Middle River annually since 1987, as well as a fish control
structure in Old River (at its confluence with the San Joaquin River) beginning in 1963. The Department first
installed a temporary barrier in Old River (near the Delta-Mendota Canal) in 1991 and in Grant Line Canal in 1996.
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constraints and criteria. The variation among these three flow control structures
would also result in different flow distribution and water levels in the south
Delta.

The alternative meets the local objective and is retained for further evaluation.

Dredging

Portions of Middle River and Old River would be dredged to improve
conveyance and the operation of some individual agricultural diversions in the
south Delta. Middle River would be dredged from the head of Middle River to
River Mile 5.3 to an elevation of —4 feet mean sea level (msl) to accommodate
agricultural siphons and pumps. Approximately 250,000 cubic yards of dredged
material would be removed. This dredging component would require deepening
of the entire channel in order to prevent pump damage caused by pumping solids
into the pipes and to maintain a hydraulic connection to the main channel of the
river or canal. Water velocities in the channel and the area near the intake would
be minimized to prevent pump damage.

Similar to Middle River, several agricultural siphons and pumps on the Old River
provide water for agriculture within the south Delta. Sedimentation has collected
around these siphons and pumps and is affecting their ability to provide water.
Spot dredging would be conducted in areas where sedimentation is affecting the
operation of siphons and pumps, resulting in the removal of approximately
10,000 cubic yards of dredged material. Dredging would occur around pump
intake sites and would be limited to the minimum amount needed to prevent
pump damage caused by pumping solids into the pipes and to maintain a
hydraulic connection to the main channel of the river or canal. Water velocities
in the channel and the area near the intake would be minimized to prevent pump
damage.

Dredging would be combined with operable barriers or the extension of
agricultural diversions to meet the local objective. Agricultural diverters located
downstream of operable barriers would not benefit from the barriers and would
be subject to the same periodic low water levels that currently occur. Therefore,
dredging of Middle River and Old River is proposed to maintain functionality of
diversion pumps west of the barriers during low water periods, and to
accommodate the extension of agricultural diversions. Because dredging could
contribute to meeting the local objective, it is retained for further evaluation.

Extending Agricultural Diversions

Agricultural diversions vary significantly in the depth from which they draw
water in the south Delta. Most diversions are deep enough to ensure an adequate
amount of water under existing levels; however, a smaller number of diversions
are at shallow depths that limit their ability to pump adequate quantities of water
without damaging their pumps or incurring other maintenance-related problems.
Of the approximately 160 agricultural water pumps and siphons that deliver
water to agricultural lands bordering Old and Middle Rivers, Grant Line Canal,
and other channels in the south Delta, approximately 24 diversion intakes are
currently at these shallow depths. These shallow diversions can be extended to
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adequate depths, addressing SDWA’s concerns about availability of adequate
quantities of water. This alternative partially meets the local objective and is
retained for further evaluation.

Consolidating and Extending Agricultural Diversions

Agricultural diversions would be consolidated in reaches of all the south Delta
channels. Estimating a ratio of four to one, the approximately 160 agricultural
water pumps and siphons that deliver water to agricultural lands bordering Old
and Middle Rivers, Grant Line Canal, and other channels in the south Delta
would be consolidated to 40 diversions. Consolidation would require channel
dredging in some of these channels, and pump platforms potentially would need
to be removed and rebuilt with longer intake pipes. By consolidating the number
of intakes and extending these to depths sufficient to ensure an adequate supply
of irrigation water, this alternative could meet the local objective and therefore
will be retained for further consideration.

Treatment of Local Agricultural Drainage Water

This alternative involves construction and operation of agricultural drainage
water collection and treatment systems for about 120,000 acres of irrigated
agriculture in the SDWA area. The treatment systems would be required to
remove total dissolved solids (TDS), natural organic matter, pesticides, and other
contaminants including salt from the agricultural drainage water. The treated
water could then be reused for crop irrigation or discharged into the Delta
channels. As a result of treatment, water quality would improve in the south
Delta. However, water levels would not be affected. This alternative has the
potential to partially meet the local objective and is retained for further
evaluation.

Pumping Water from Clifton Court Forebay to

South Delta Water Agency Agricultural Users

In this scenario, DWR would pump water from CCF to SDWA agriculture users
on south Delta islands. Irrigation water would be distributed via a pipeline that
would extend from CCF to the east as far as Upper Roberts Island.

The pipeline would be constructed of pipes ranging in diameter from 18 inches to
114 inches. The pipeline would be 39 miles long and require five siphons across
rivers. Two regulating reservoirs would need to be constructed; both would be
steel tanks 230 feet in diameter and 30 feet high. This would provide an
alternative source of irrigation water for SDWA water users. This alternative has
the potential to meet the local objective and is retained for further evaluation.

Purchase/Fallow South Delta Water Agency Agricultural Users’ Land
Purchasing land for the purposes of having it taken out of production would
result in decreasing the SDWA water use demands in proportion to the amount of
acreage taken out of production. This reduction in consumptive use needs could
result in increased water quality and quantity for the remaining diverters. This
alternative is therefore retained for further evaluation.
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Local Objective Alternatives Not Retained for
Further Consideration

The following local objective alternatives do not meet the local objective and
therefore will not be retained for further consideration.

Compensation for Agricultural Pump Damage

In this non-physical alternative, DWR and Reclamation would compensate south
Delta farmers annually for damage to pumps caused by low water levels
attributable to SWP and CVP operations. There are about 160 agricultural
diversion pumps in SDWA lands. While farmers would be compensated for
pump repairs or replacement under this plan, they would not be compensated for
any crop loss and the risk that pumps would continue to fail during the irrigation
season. Alternatively, DWR and Reclamation could pay a one-time settlement
for all damages in the south Delta attributable to the operation of the SWP and
CVP. In this variation of the alternative, the compensation would encompass not
only pump damage, but also crop damage. This alternative does not meet the
local objective, or the other objectives, and therefore is eliminated from further
evaluation.

Reduction of Central Valley Project and State Water Project Exports
Reducing CVP/SWP pumping was originally considered as an alternative that
could increase south Delta water levels and lessen reverse flows in the Delta, thus
improving water quality by preventing seawater intrusion and reducing adverse
effects on fish. At the same time, however, pumping reductions also may cause
an adverse impact on water quality in some south Delta channels because tidal
action and the pumps draw better quality water into the south Delta channels
from the north and central portions of the Delta. Further, even if exports were
reduced, there would still be occasions during low tides when irrigators would be
unable to pump if no physical changes are made. Because reduction of CVP and
SWP exports can worsen water quality in the south Delta and does not improve
the ability of south Delta farmers to divert, this alternative does not meet the
local objective and is not retained for further evaluation for meeting this
objective.

Export Objective Alternatives

The following export objective was used to develop export alternatives:

m  Increase water supply to SWP and CVP water contractors through increased
diversions into CCF and maximize the frequency of 8,500 cfs pumping at
SWP Banks facility.

Currently, maximum diversions into CCF are permitted by the Corps under the
Rivers and Harbors Act. Existing conditions for diversion are contained in
Public Notice 5820-A Amended and allow for diversion of 13,870 acre-feet daily
(and 13,250 acre-feet over a 3-day average). This diversion limit translates into a
pumping limit of 6,680 cfs over a 3-day average. From mid-December to mid-
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March, diversions are increased by one-third of the San Joaquin River flow at
Vernalis if that flow exceeds 1,000 cfs.

To develop operational export objective alternatives, DWR worked with a broad
coalition of stakeholders, including Reclamation, to discuss, debate, and develop
alternative operational scenarios. This process, referred to as the

8,500 Stakeholders Process, included representatives of resource agencies,
including Reclamation, water agencies and districts, and environmental groups.
This group held a series of meetings in fall 2002. The result of those meetings
was four proposals for 8,500-cfs operational alternatives, which are described
below as Operational Scenarios B through E. Reclamation subsequently
proposed Operational Alternative F in June 2003. In July 2003, Reclamation and
DWR developed Operational Scenario A. Reduction in CVP and SWP exports,
while considered for the fish and local objectives, was not considered here
because it does not meet the export objective.

Export Objective Alternatives Retained for
Further Consideration

Operational Scenario A

Operational Scenario A integrates each of the strengths of the CVP and SWP
(storage and conveyance, respectively) to maximize water supplies for the benefit
of both CVP and SWP contractors that rely on water delivered from the Bay-
Delta in a manner that (1) would not impair in-Delta uses, and (2) would be
consistent with fishery, water quality, and other flow and operational
requirements imposed under the federal Clean Water Act (CWA) and ESA,
Central Valley Project Improvement Act (CVPIA), State Water Resource Control
Board (State Water Board) Decision 1641 (D-1641), and consistent with goals
and programs under the CALFED ROD. Similar to current operations, the
Environmental Water Account (EWA) would be used to alleviate water supply
impacts while curtailing pumping for the protection of sensitive fish species.

Operational Scenario A increases the average monthly allowable rates of
diversion to 8,500 cfs year-round. Under Operational Scenario A, the 3-day
average diversion into CCF would not exceed 9,000 cfs, and the 7-day average
diversion would not exceed 8,500 cfs between March 16 and December 14.
From December 15 through March 15, diversions into CCF would not exceed the
greater of 8,500 cfs over a 7-day average or 6,680 cfs plus one-third of the 7-day
running average flow of the San Joaquin River at Vernalis when Vernalis flow
exceeds 1,000 cfs. The year-round monthly average diversion rate would not
exceed 8,500 cfs. Details regarding rates of diversion and priority of use during
specific months are described below.

Details regarding rates of diversion and priority of use during specific months are
described below and are presented in Table A-1.
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Table A-1. Operational Scenario A

Month Operation

October October 1 to December 14

N b Monthly average max of 8,500 cfs
ovember 1% priority: SWP

2" priority: EWA/CVP (50-50)

December December 15 to March 15
Monthly average max of 8,500 cfs by diverting the greater of:
January = 8,500 cfs (7-day average); or
= 6,680 cfs plus 5 of the San Joaquin River flow at Vernalis
February when flow exceeds 1,000 cfs over a 7-day average.
1% priority: SWP
2" priority: EWA/CVP (50-50)
March March 15 to July 1
i Monthly Average max of 8,500 cfs
Apri 1% priority: SWP
May 2" priority: EWA/CVP (50-50)
June

July 1 to September 30

July Monthly average max of 8,500 cfs
Up to 90 taf dedicated to EWA
Note: If EWA does not use the entire 90 taf, the remaining

August export capacity could be used by the SWP or CVP, or for
transfers.
Remaining capacity:

September 1st priority: SWP

2nd priority: EWA/CVP (50-50)

Note: Under this scenario, DWR would annually convey up to 100,000 acre-feet of
CVP Level 2 Refuge water through CCF and SWP Banks in July and August, and
Reclamation would provide SWP up to 75,000 acre-feet from CVP storage facilities
north of the Delta to meet a portion of the SWP’s obligation to comply with Bay-Delta
water quality and flow requirements. Because DWR is committed to diverting and
pumping Level 2 water, this water would be pumped as part of SWP first priority to
pumping capacity.

October 1 through December 14

The average allowable rate of diversion into CCF would not exceed 9,000 cfs
over a 3-day average, and 8,500 cfs over a 7-day average. The first priority use
of capacity goes to SWP. Capacity not used by SWP would be split equally
between EWA and CVP.

December 15 through March 15

The average allowable rate of diversion into CCF would not exceed the greater of
8,500 cfs over a 7-day average or 6,680 cfs plus one-third of the 7-day running
average flow of the San Joaquin River at Vernalis when Vernalis flow exceeds
1,000 cfs. The first priority use of capacity goes to SWP. Capacity not used by
SWP would be split equally between EWA and CVP.
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March 16 through June 30

The average allowable rate of diversion into CCF would not exceed 9,000 cfs
over a 3-day average, and 8,500 cfs over a 7-day average. The first priority use
of capacity goes to SWP. Capacity not used by SWP would be split equally
between EWA and CVP. During the Vernalis Adaptive Management Plan
(VAMP) period (April 15-May 15), pumping would be curtailed substantially at
both SWP and CVP export facilities below the maximum capacities to meet the
D-1641 limit of pumping less than the San Joaquin River inflow and to conduct
the VAMP experiment.

July 1 through September 30

The average allowable rate of diversion into CCF would not exceed 9,000 cfs
over a 3-day average, and 8,500 cfs over a 7-day average. Of that amount, up to
90 thousand acre-feet (taf) of export capacity is dedicated to the EWA in July,
August, and September to export water acquired upstream and reduce any EWA
water debt. The remaining export capacity, including unused capacity dedicated
for EWA transfers, would first be used by the SWP, and if there is unused
capacity, it may be used by EWA and CVP, each with equal priority.

Annual Commitments

Under this scenario, DWR would annually convey up to 100,000 acre-feet of
CVP Level 2 Refuge water through CCF and SWP Banks by September 1, and
Reclamation would provide SWP up to 75,000 acre-feet from CVP storage
facilities north of the Delta to meet a portion of the SWP obligation to comply
with Bay-Delta water quality and flow requirements. The Level 2 Refuge water
would be pumped as part of SWP first priority to pumping capacity.

Operational Scenario B

Under Operational Scenario B, the rate of diversion would vary in different
months of the year to allow DWR to use greater diversion capacity during less-
sensitive time periods for fish, while ensuring all regulatory requirements,
environmental interests, and local beneficial uses of water are met. Similar to
Operational Scenario A, operations would be conducted in a manner that (1) will
not impair in-Delta uses, and (2) will be consistent with fishery, water quality,
and other flow and operational requirements imposed under CWA and ESA,
CVPIA, D-1641, and consistent with goals and programs under the CALFED
ROD. Similar to current conditions, EWA would be used to alleviate water
supply impacts while curtailing pumping for the protection of sensitive fish
species. In addition, this scenario would dedicate up to 1,820 cfs per day to
EWA in July, August, and September to provide water that can be used later to
offset the effects of fish protection actions.

Operational Scenario B increases the maximum allowable rate of diversion to
8,500 cfs for approximately 5 months out of the year. During these months,
3-day average diversion into CCF would not exceed 9,000 cfs, and 7-day average
diversion would not exceed 8,500 cfs.

Under this operational scenario, the maximum rate of diversion would be reduced
to 6,680 cfs, unless conditions allow an increased rate of diversion, in
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approximately 7 months per year to provide protection for sensitive fish species.
The specific months, diversion, pumping, and priority of use are outlined in
Table A-2 and described further below.

All diversions under Scenario B would continue to be subject to compliance with
other existing constraints governing the operation of the SWP, such as State
Water Board water rights decisions and applicable federal and state laws,
including the ESA and the CWA, as described under no action (existing
conditions).

Table A-2. Operational Scenario B

Month Operation

October 1 to November 30

October Monthly average max of 8,500 cfs
1% priority: SWP
November 2" priority: EWA/CVP (50-50)
December December 1 to June 30
Monthly average max of 6,680 cfs except when fish densities
January

allow higher diversions.
February Monthly average max of 8,500 cfs
1% priority: SWP

March 2" priority: EWA/CVP (50-50)

April
May

June

July 1 to September 30

July Monthly average max of 8,500 cfs
1,820 cfs dedicated to EWA
Note: If EWA does not use the entire 1,820 cfs, the remaining

August export capacity could be used by the SWP, CVP, or for
transfers.
Remaining capacity:

September 1% priority: SWP

2" priority: CVP/EWA (50-50)

October 1 through November 30

The maximum allowable rate of diversion into CCF would not exceed a 3-day
average of 9,000 cfs, and 7-day average diversion would not exceed 8,500 cfs.
First priority use of the water goes to SWP. Second priority would go equally to
EWA and CVP.

December 1 through June 30

This is a period of fish protection for juvenile Chinook salmon and delta smelt.
The maximum diversion would be held at 6,680 cfs except during periods when
fish are not present at densities that warrant entrainment protection, at which time
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diversion could increase to 8,500 cfs. The maximum allowable rate of diversion
into CCF would not exceed a 3-day average of 9,000 cfs, and the 7-day average
diversion would not exceed 8,500 cfs. For analysis purposes, a monthly
maximum diversion of 7,180 cfs was used from December through June. During
the VAMP period (April 15-May 15), pumping would be curtailed substantially
at both SWP and CVP export facilities below the maximum capacities to conduct
the VAMP experiment.

July 1 through September 30

The maximum allowable rate of diversion into CCF would not exceed a 3-day
average of 9,000 cfs (17,852 acre-feet), and 7-day average diversion would not
exceed 8,500 cfs (16,860 acre-feet). Of that amount, up to 1,820 cfs per day of
export capacity would be dedicated to EWA to export water acquired upstream
and reduce any EWA water debt. For the remainder of the 8,500 cfs, including
unused capacity dedicated for EWA transfers, SWP would receive first priority
use, and second priority use would be split equally between EWA and CVP, as
necessary.

Annual Commitments

Under this scenario, DWR would not commit to conveying any CVP Level 2
Refuge water and Reclamation would not commit to releasing water from CVP
reservoirs north of the Delta to help meet SWP Delta water quality obligations.

Operational Scenario C

Similar to the diversions under Operational Scenario B, operations under
Operational Scenario C would vary during different months of the year to allow
DWR to use greater diversion capacity during less-sensitive time periods for fish
(i.e., October—March and July—September). Similar to Operational Scenarios A
and B, operations would be conducted in a manner that (1) will not impair in-
Delta uses, and (2) will be consistent with fishery, water quality, and other flow
and operational requirements imposed under CWA and ESA, the CVPIA, the
State Water Board D-1641, and consistent with goals and programs under the
CALFED ROD. This operational scenario restricts diversions to 6,680 cfs (3-day
average basis) from March 16 through June 30 in order to provide additional
protection for species such as salmon, steelhead, and delta smelt. Similar to
current conditions, EWA would be used to alleviate water supply impacts while
curtailing pumping for the protection of sensitive fish species. In addition, this
scenario would dedicate up to 90 taf of pumping capacity to the EWA from July
through September to reduce any EWA debt.

The specific months, diversion, pumping, and priority of use are outlined in
Table A-3 and described further below. Under Operational Scenario C, the
maximum allowable rate of diversion would increase from 6,680 cfs to 8,500 cfs
for approximately 8.5 months of the year. During these months, the 3-day
average diversion into CCF would not exceed 9,000 cfs and the 7-day average
diversion would not exceed 8,500 cfs. Under this operational scenario, pumping
would be limited to its current maximum of 6,680 cfs (3-day average) for

3.5 months out of the year. The specific months, diversion, and priority of use
are further described below.
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Table A-3. Operational Scenario C

Month Operation

October October 1 to March 15

Monthly average max of 8,500 cfs

N L2
ovember 1% priority: SWP
December 2" priority: EWA/CVP (50-50)
January
February
March March 16 to June 30
April Monthly Average max of 6,680 cfs
P 1% priority: SWP
May 2" priority: EWA/CVP (50-50)
June
July July 1 to September 30
Monthly average max of 8,500 cfs
Up to 90 taf dedicated to EWA
August Note: If EWA does not use the entire 90 taf, the remaining export
capacity could be used by the SWP, CVP, or for transfers.
Remaining capacity:
September 1% priority: SWP

2" priority: CVP (up to 500 cfs)
3" priority: EWA/CVP (50-50)

October 1 through March 15

The maximum allowable rate of diversion into CCF would not exceed a 3-day
average of 9,000 cfs, and 7-day average diversion would not exceed 8,500 cfs.
First priority use of the water goes to the SWP. Second priority goes equally to
EWA and CVP.

March 16 through June 30

The maximum allowable rate of diversion would be 6,680 cfs on a 3-day average
basis; no increases to 8,500 cfs would be allowed. During the VAMP period
(April 15-May 15), diversion and pumping would be substantially curtailed at
both SWP and CVP export facilities below these maximum capacities to conduct
the VAMP experiment. First priority use of the water goes to the SWP. Second
priority use goes equally to the EWA and the CVP.

July 1 through September 30

The maximum allowable rate of diversion into CCF would not exceed a 3-day
average of 9,000 cfs, and 7-day average diversion would not exceed 8,500 cfs.
Of that amount, up to 90 taf of export capacity is dedicated to the EWA to export
water acquired upstream and reduce any EWA water debt. The remainder of the
8,500 cfs, including unused capacity dedicated for EWA transfers, would go first
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to SWP; CVP would receive second priority up to 500 cfs, and third priority
would be split equally between CVP and EWA, as necessary.

Annual Commitments

Under this scenario, DWR would not commit to conveying any CVP Level 2
Refuge water and Reclamation would not commit to releasing water from CVP
reservoirs north of the Delta to help meet SWP Delta water quality obligations.

Export Objective Alternatives Not Retained for
Further Consideration

Operational Scenario D

Scenario D increases pumping and diversion to 8,500 cfs year-round. Under
Scenario D, the maximum allowable diversion and pumping would increase from
6,680 cfs to 8,500 cfs on a monthly average basis (505,792 acre-feet in a 30-day
month) during the entire year. This scenario assumes that CVVP would be able to
declare higher annual allocations early in the year that would include an assumed
amount of summer joint point of diversion (JPOD) capacity. Details on specific
months, diversion, pumping, and priority of use are outlined in Table A-4 and
described further below.

All diversions would continue to be subject to compliance with other existing
constraints governing the operation of the SWP, such as State Water Board water
rights decisions and applicable federal and state laws, including the ESA and the
CWA, as described under no action (existing conditions).

Table A-4. Operational Scenario D

Month Operation

October October 1 to June 30

December 2" priority EWA/CVP (50-50)

January

February

March

April

May

June

July July 1 to September 30
Maximum of 8,500 cfs

August 500 cfs dedicated to EWA

Remaining 8,000 cfs:
1% priority: SWP

September .
P 2" oriority: EWA/CVP (50-50)
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October 1 to June 30. The maximum allowable diversion and pumping are
8,500 cfs on a monthly average basis. The first priority use of water goes to
SWP. The second priority use would be split equally between the EWA and the
CVP.

July 1 to September 30. The maximum allowable diversion and pumping are
8,500 cfs on a monthly average basis. The EWA is dedicated 500 cfs in July,
August, and September to export water from upstream releases to refill San Luis
Reservoir and reduce any EWA water debt. For the remaining 8,000 cfs, the
SWP would receive first priority, and EWA and CVP would receive second
priority equally.

During all time periods, the use of the additional diversion and pumping capacity
would vary depending upon the water year. During dry and critically dry years, the
full diversion and pumping capacity generally would be limited to rare storm
events. During wet, above-normal, and below-normal years, there would be
opportunities to use the maximum diversion and pumping capacity. In above-
normal and below-normal years, the additional water that would be diverted,
pumped, and exported could be a significant percentage of freshwater inflows.

Operational Scenario E

Under Scenario E, the maximum allowable diversion and pumping would
increase from 6,680 cfs to 8,500 cfs on a monthly average basis (505,792 acre-
feet in a 30-day month) during the entire year. Scenario E differs from Scenarios
B and C in that diversion and pumping would increase to 8,500 cfs year-round.
Scenario E is very similar to Scenario D, except that Scenario E does not include
that assumption that the CVP would be able to declare higher annual allocations
early in the year that would include an assumed amount of summer JPOD
capacity. Details on specific months, diversion, pumping, and priority of use are
outlined in Table A-5 and described further below.

All diversions would continue to be subject to compliance with other existing
constraints governing the operation of the SWP, such as State Water Board water
rights decisions and applicable federal and state laws, including the ESA and the
CWA, as described under no action (existing conditions).
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Table A-5. Operational Scenario E

Month Operation

October October 1 to June 30

N b Maximum of 8,500 cfs
ovember 1% Priority: SWP

December 2" priority EWA/CVP (50-50)

January

February

March

April

May

June

July July 1 to September 30

Maximum of 8,500 cfs
August 500 cfs dedicated to EWA

Remaining 8,000 cfs:
1% priority: SWP

September 2" priority: EWA/CVP (50-50)

October 1 to June 30. The maximum allowable diversion and pumping are
8,500 cfs on a monthly average basis. The first priority use of water goes to
SWP. The second priority use would be split equally between the EWA and the
CVP.

July 1 to September 30. The maximum allowable diversion and pumping are
8,500 cfs on a monthly average basis. The EWA is dedicated 500 cfs in July,
August, and September to export water from upstream releases to refill San Luis
Reservoir and reduce any EWA water debt. For the remaining 8,000 cfs, the
SWP would receive first priority and EWA and CVP would receive second
priority equally.

During all time periods, the use of the additional diversion and pumping capacity
would vary depending upon the water year. During dry and critically dry years, the
full diversion and pumping capacity generally would be limited to rare storm
events. During wet, above-normal, and below-normal years, there would be
opportunities to use the maximum diversion and pumping capacity. In above-
normal and below-normal years, the additional water that would be diverted,
pumped, and exported could be a significant percentage of freshwater inflows.

Operational Scenario F

Scenario F assigns the increased export capability to the CVP. Similar to
Scenarios D and E, Scenario F increases pumping and diversion to 8,500 cfs
year-round. Under Scenario F, the maximum allowable diversion and pumping
would increase from 6,680 cfs to 8,500 cfs on a monthly average basis
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(505,792 acre-feet in a 30-day month) during the entire year. Details on specific
months, diversion, pumping, and priority of use are outlined in Table A-6 and

described further below.

All diversions would continue to be subject to compliance with other existing

constraints governing the operation of the SWP, such as State Water Board water
rights decisions and applicable federal and state laws, including the ESA and the
CWA, as described under no action (existing conditions).

Table A-6. Operational Scenario F

Month Operation®®
October Maximum of 8,500 cfs
1% priority: SWP* up to 6,680 cfs
November 2" priority: CVP up to remaining capacity
3" priority: SWP®
Decermber 4" priority: EWA/Level 4
December 15 to March 15
Janua Maximum of 8,500 cfs
ry 1% priority: SWP* up to current
Corps limit (6,680 + 1/3 San Joaquin River)
February 2" priority: CVP up to remaining capacity
3" priority: SWP®
March 4" priority: EWA/Level 4
March 16 to December 14
April Maximum of 8,500 cfs
1% priority: SWP* up to 6,680 cfs
May 2" priority CVP up to remaining capacity
3" priority: SWP®
June 4" priority: EWA/Level 4
July Maximum of 8,500 cfs
500 cfs dedicated to EWA
St~y i g 4
August 1ndpr|_0r|j[y.. SWP" up to 6,68(_) (_:fs _
2" priority: CVP up to remaining capacity
September 3" Priority: SWP®

4" Priority: EWA/Level 4

1
2

model.

as in the baseline study.

through Tracy and CVP capacity at Banks.

under Article 55).

Maximum of 8,500 cfs or 6,680 cfs + 1/3 of San Joaquin River flow at Vernalis.
CALSIM assumes a maximum of 8,500 cfs given that it is a monthly average

EWA cuts for all the alternatives are maintained at the same level of protection
CVP maintains first right to federal share of Delta supplies that can be exported

SWP conveyance of project supplies (excludes SWP contractor transfers treated

December 15 to March 15. The maximum allowable diversion and pumping are
8,500 cfs on a monthly average basis. The first priority of use goes to SWP up to
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the current Corps permit limit of 6,680 cfs plus 1/3 of San Joaquin River flow at
Vernalis. Under the second priority, up to the remaining amount would go to the
CVP. The third priority use of water would go to SWP (including SWP

Avrticle 21). The fourth priority is split evenly between EWA and the Level 4
refuge water supply program.

March 16 to December 14. The maximum allowable diversion and pumping
are 8,500 cfs on a monthly average basis. The first priority use of water, up to
6,680 cfs, goes to SWP (excluding SWP contractor transfers treated under
Avrticle 55). The second priority, up to the remaining capacity, would go to the
CVP. The third priority use of water would go to SWP (including SWP Article
21). The fourth priority would be split evenly between EWA and the Level 4
refuge water supply program.

During all time periods, the use of the additional diversion and pumping capacity
would vary depending on the water year. During dry and critically dry years, the
full diversion and pumping capacity generally would be limited to rare storm
events. During wet, above-normal, and below-normal years, there would be
opportunities to use the maximum diversion and pumping capacity. In above-
normal and below-normal years, the additional water that would be diverted,
pumped, and exported could be a significant percentage of freshwater inflows.

Export Objective Conclusions

Operational Scenarios A, B, and C would meet or contribute substantially to
meeting the export objective and therefore are retained for further consideration.
Operational Scenarios D and F were incorporated into Scenario A in July 2003 to
optimize the capabilities of the SWP and CVP. Operational Scenario E was
dropped from further analysis because it did not provide the CVP assurances for
making early annual allocations. This translates into a significant risk to the CVP
of failing to meet contractor demands. Therefore, this single-component
alternative does not meet the export objective and is not carried forward.

Second-Phase Screening of Alternatives

In the second phase, all alternatives remain single-component and single-
objective. The remaining single-component/single-objective alternatives are
looked at more closely to screen for technological and logistical feasibility, as
well as compatibility with the other objectives. Those that meet the single
objective for feasibility and are compatible with the other objectives will be
further evaluated in the third-phase screening of alternatives.
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Technology

The technology employed in the alternatives must be adequate to ensure that the
basic project purpose and objectives can be reasonably met. Reliance on
questionable or untested technology would expose the project to substantial risk
related to achieving the basic project purposes. Because meeting the project
objectives is critical to its success and any practicable alternative will involve
substantial costs, implementation of untested or questionable technology is
considered risky, and an alternative that is based on unreasonable geotechnical
assumptions is considered impracticable. Therefore, the selected alternative
would avoid engineering, geotechnical problems, and questionable or untested
technologies.

Logistics (Maintenance/Operations)

Logistical considerations must be taken into account to ensure that the basic
project purpose and objectives can be reasonably achieved. Alternatives that
involve unreasonable logistical constraints could expose the project to substantial
risk related to its ability to achieving the basic project purposes. Logistical
constraints could include maintenance costs, access, reliability, unreasonable
property acquisition, and/or operational constraints. Alternatives that involve
such logistical constraints are considered risky in that they involve problems
related to maintenance and operation and are considered impracticable.
Therefore, the selected alternative would avoid problems related to maintenance,
access, reliability, unreasonable property acquisition, and/or operational
constraints.

Compatibility

An alternative’s compatibility with all or most of the project objectives is
evaluated to determine if implementation of any single-component/single-
objective alternative would prohibit any of the project objectives from being met.
Alternatives that are carried forward to the third screening phase are those that
can contribute to meeting all or most of the project objectives, or that do not
preclude all or most of the project objectives from being met.

Fish Objective Alternatives

All of the identified alternatives retained from the first-phase screening have
been reviewed to determine whether they have technological, logistical, or
compatibility problems that make them impracticable and justify their removal
from the screening process. Descriptions of the alternatives are provided in the
first-phase screening discussion. The alternatives that do not involve either
technological, logistical, or compatibility problems are retained for review in
third-phase screening.
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Fish Objective Alternatives Retained for
Further Consideration

Of the five fish alternatives reviewed in the first-phase screening and retained for
review and further consideration in the second phase, the fish control structure at
the head of Old River has been retained for review in the third-phase screening.

Fish Control Structure at the Head of Old River

As described in the first-phase screening, DWR has considered different types of
permanent fish control structures at the head of Old River. This structure would
mimic the existing temporary barrier placed at this location along the river, but
the permanent structure would have operational flexibility. Because of the
technological and logistical problems associated with operating inflatable rubber
dams in the south Delta (see Inflatable Rubber Dams discussion below), a gated
concrete structure would be constructed. Construction of a gated concrete
structure would use existing technology. A similar design approach was
successfully used for the Woodbridge Irrigation District Lower Mokelumne
River Restoration project. Additionally, a fish control structure constructed at
the head of Old River would not preclude the export objective or the local
objective from being met. Because this design option does not involve any
impracticable logistical or technological problems, and is compatible with the
other objectives, it is retained for further consideration.

Fish Objective Alternatives Not Retained for
Further Consideration

Screened Clifton Court Forebay Intake

Although the CALFED ROD identified the design and construction of new fish
screens at CCF and CVP Tracy facilities as an integral element in allowing the
export facilities to pump at full capacity more regularly, initial investigations
have revealed potential problems with the construction and operation of new fish
screens at CCF.

There are cost, timing, and technical concerns associated with the current
approach to CCF screening, known as the CALFED Module Series approach.
The module approach would use a series of fish screening modules, each
designed to handle 2,500 cfs, at CCF. Although fish screens are being developed
for testing in conjunction with the CVP Tracy facility, the module approach has
yet to be tested and was placed on hold because of cost concerns. The Module
Series problems include:

m  high capital costs,

m uncertain technologies used before tested,
m long buildout schedule (several decades),
m delay of CALFED ROD schedule,

m  minor fish benefits prior to full buildout of facility, and
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m minor water supply reliability benefits prior to full buildout.

There is overall uncertainty about the ability of a fish screen to operate
sufficiently to protect the fish and about maintenance and operational constraints.
Accordingly, any alternative that requires the construction of new large-scale fish
screens is found to be impracticable at this time based on the current status of the
CVP Tracy Fish Test Facility (i.e., Module Series approach). Although this
alternative would likely be compatible with the export and local objective, this
alternative is eliminated from further evaluation because it does not meet the
technological and logistical criteria.

Other Conceptual South Delta Fish Facilities

As described in the first-phase screening, members of the CCTAT developed

17 conceptual south Delta fish facilities as alternatives to a screened CCF intake.
These alternatives fall into three categories: CCF internal bypass, Italian Slough
bypass of CCF, and new fish facility at existing point of diversion.

However, the CCTAT members have identified potential flaws with each
approach. The following potential flaws have been identified for the CCF
internal bypass approach: limited fish protection, permitting difficulties,
experimental technology, and logistical concerns regarding maintenance. The
following potential flaws have been identified in association with the Italian
Slough bypass of CCF alternatives: permitting difficulties, limited fish
protection, limits on export capacity, insufficient water benefits, seasonal
operational constraints, and high site-development costs. The following potential
flaws have been identified in association with the new fish facility at existing
point of diversion alternatives: high infrastructure costs, abandonment of
existing facilities, complex operations, limited fish protection, high access costs,
multiple facilities, and necessity of additional modules later. Additionally, this
alternative is in the conceptual stages and would require an estimated 10—

11 years to finalize, implement, and monitor for effectiveness. Although this
alternative would likely be compatible with the export and local objectives, this
alternative is found to be impracticable at this time and is eliminated from further
evaluation.

Acoustic Fish Barriers

In 1993 and 1994, tests were conducted with an acoustic fish barrier in the
Georgiana Slough (located adjacent to the town of Walnut Grove, approximately
0.1 mile downstream of the State Route (SR) 160 bridge across from the
Sacramento River and about 0.5 mile from the Delta Cross Channel). The tests
were conducted to show the efficiency of the acoustic barrier on the guidance of
the fish through the Sacramento River and the Georgiana Slough. Testing
included exposure testing and underwater sound pressure measurements, and
three types of monitoring tests were conducted: the Chinook salmon
mark/recapture method, the hydroacoustic monitoring, and the kodiak trawl
capture efficiency evaluation.

Prior to testing, the testing groups believed that with the acoustic barrier on, the
migration of the Chinook salmon down the Sacramento River would increase and
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fewer fish would enter the Georgiana Slough. Results of the three types of tests
were inconsistent and therefore inconclusive. Further testing of acoustic barriers
in the Delta has not occurred since the initial tests, and the technology has not
been proved successful.

There is overall uncertainty about the ability of an acoustic fish barrier to protect
the fish. Accordingly, this alternative is found to be impracticable at this time
and is eliminated from further evaluation.

Screening Agricultural Diversions

Extending 24 agricultural diversions or consolidating/extending agricultural
diversions (both local objective alternatives) could contribute to meeting the fish
objective. However screening the extended diversions (24) or screening the
consolidated agricultural diversions (40) in the south Delta is not being carried
forward because of logistical problems and incompatibility with the local
objective. As described for the local objective below, the consolidation of the
diversions is not logistically feasible. Screening the extended agricultural
diversions would result in logistical constraints due to difficulties in maintaining
the screens to allow uninterrupted diversions and effective screening of fish.
Additionally, screening of the estimated 24 extended agricultural diversions
would not significantly contribute to meeting the fish objective because these

24 diversions account for approximately 15% of all diversions in the south Delta
area. This alternative is not retained for further evaluation because it does not
significantly contribute to meeting the fish objective and it is incompatible with
the local objective.

Reduction of CVP and SWP Exports

Reduction of CVP and SWP exports is technologically and logistically feasible
because it would not require new technology, equipment, or maintenance
activities. The operation of the export facilities would continue as they are
currently with the exception that less water would be diverted to the export
facilities. Although this alternative would partially meet the fish objective by
reducing entrainment and adverse effects on fish, it would not meet local
objective or export objective (see the First-Phase Screening). Therefore, this
alternative is not retained for further consideration.

Purchase/Fallow South Delta Water Agency Agricultural Users’ Land
Purchasing land for the purposes of having it taken out of production would
result in decreasing the SDWA water use demands in proportion to the amount of
acreage taken out of production. This would result in a reduction in the number
of diversions in the south Delta, which could benefit fish. However, there are
uncertainties as to whether an adequate number of acres could be purchased from
willing sellers as required by CALFED, and this alternative does not improve
SDWA'’s reliability to divert water needed to meet consumptive use needs within
its boundaries. Therefore, it is logistically infeasible. For this same reason, it
does not meet the local objective, as described below. Because it does not meet
most of the project objectives, it is eliminated from further consideration.
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Local Objective Alternatives

All of the identified alternatives retained from the first-phase screening have
been reviewed to determine whether they have technological, logistical, or
compatibility problems that make them impracticable and justify their removal
from the screening process. Descriptions of the alternatives are provided in the
first-phase screening discussion. The alternatives that do not involve either
technological, logistical, or compatibility problems are retained for review in
phase three screening.

Local Objective Alternatives Retained for Further
Consideration

Of the 10 local objective alternatives reviewed in the first-phase screening and

retained for review and further consideration in the second phase, the following
four alternatives have been determined to involve neither unproven technology
nor logistical problems:

m  existing intake/enlarge West Canal,
m permanent south Delta flow control structures,
m dredging, and

m extending agricultural diversions.
These alternatives have been retained for review in the third-phase screening.

Existing Intake/Enlarge West Canal

Existing dredging methods and machinery would be used to enlarge West Canal.
Because of the large canal area that requires enlargement, the hydraulic (suction)
dredging method would likely be used. This method has been used in other areas
of the south Delta, including Grant Line Canal and Old River. Sufficient area is
available in this vicinity to locate the necessary settling ponds, which are
required for this dredging method. The settling ponds would allow for water to
be pumped back to West Canal. The solids would be dried and reshaped for
reinforcement of the levee or for other beneficial agricultural uses in the vicinity.
This alternative involves no impracticable logistical or technological problems,
and is compatible with the export and fish objectives. Therefore, it is retained for
further evaluation.

Permanent South Delta Flow Control Structures

As described in the first-phase screening, DWR has examined different types of
flow control facilities for this alternative: rock weirs, gated concrete structures,
and inflatable rubber dams. The rock weirs and inflatable rubber dams
alternatives are not retained for further analysis and are therefore described
below under Alternatives Not Retained for Further Analysis. The technological
benefits or drawbacks of the gated concrete structures alternative is discussed
below.
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Rock weirs. Rock weirs would be similar to the temporary barriers in use now.
This design option does not provide the operational flexibility needed for a
permanent design structure. Although rock weirs would be compatible with the
export and fish objective, they are an infeasible option for permanent barriers due
to logistical constraints and are rejected from further consideration.

Gated concrete structure. This type of structure would include some
combination of the following components depending on channel geometry and
hydrology:

m  Bottom-hinged gates—This part of the structure would be the operable
portion. The bottom-hinged gates would be opened and closed on the tidal
cycle to hold higher water levels behind the gates. These gates can be
opened and closed multiple times during a tidal cycle, and the gates can be
operated independently of each other. The gates would be lifted by inflating
an air bladder beneath the gates. In the open position, the gates would lie on
the channel bottom, allowing natural flows to pass unimpeded.

m  Boat lock—This structure would not be used on Middle River but would be
included at all other flow control gate locations. Based on public input and
DWR surveys, there is a need to allow boats to transit the gate locations
when the gates are operational; an operable boat lock would allow boaters
that opportunity. These locks would be operational during periods when the
gate is closed. All boat traffic could pass the gate when it is open, as it
would lie on the channel bottom.

Construction and operation of a gated concrete structure use existing technology.
A similar design approach was successfully used for the Woodbridge Irrigation
District Lower Mokelumne River Restoration Project. Additionally, it is
compatible with the export and fish objectives. Because this design option does
not involve any impracticable logistical or technological problems and is not
incompatible with the fish and export objectives, it is retained for further
consideration.

Localized Dredging

Existing dredging methods and machinery would be used to dredge Middle River
and Old River. The hydraulic (suction) dredging method would likely be used
for Middle River because of the large canal area that requires deepening.
Depending on the areas in need of dredging along Old River, dredging methods
may be hydraulic or clamshell (mechanical) dredging. For the hydraulic
dredging method, sufficient area is available in the area to locate settling ponds
required for this method. The settling ponds would allow water to be pumped
back to the Middle River or Old River. The solids would be dried and reshaped
for reinforcement of the levee or for other beneficial agricultural uses in the
vicinity. For the clamshell dredging method, settling ponds are not necessary and
dredged material would be placed along the levee to dry and be used as
reinforcement. Both of these methods have been used in other areas of the south
Delta, including Grant Line Canal, Old River, and Fabian-Bell Canal. This
alternative does not involve unproven technology or logistical problems and is
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compatible with the export and fish objectives, so it is retained for further
evaluation.

Extending Agricultural Diversions

To enable continuous function, agricultural siphons and pumps that are -2 feet
msl or shallower would need to be extended. Extension of these shallow
diversion intake pipes would involve a relatively simple procedure of securing a
few feet of pipe to the existing diversion intake pipe. The diameter of the
extended diversion would remain the same as the existing diversion intake pipes.
This alternative does not involve any impracticable logistical or technological
problems and is compatible with the export and fish objectives. Therefore it is
retained for further evaluation.

Local Objective Alternatives Not Retained for
Further Consideration

Permanent South Delta Flow Control Structures

Rock weirs. Rock weirs would be similar to the temporary barriers in use now.
This design option does not provide the operational flexibility needed for a
permanent design structure. Although rock weirs would be compatible with the
export and fish objective, their operational flexibility results in logistical
constraints in achieving the local objective. Therefore, this alternative is rejected
for further evaluation.

Inflatable rubber dams. For this design option, the operable gates would be
similar to the gated concrete structures described above, but the bottom-hinged
gates and/or portions of sheetpile walls would be replaced with inflatable dams.
The inflatable rubber dam consists of a sealed, rubberized fabric tube that is filled
with air or water to raise upstream water levels. When it is inflated to full design
height, it impounds water and acts like any other fixed dam in this respect.
Inflatable rubber dams are also capable of being completely deflated to allow
maximum runoff during flood events to increase the area of flow at the barriers.
These dams are used throughout the world in applications where the downstream
side of the dam has little or no water in it because the dam can completely deflate
and lie flat in the open position. However, in the tidal environment of the south
Delta, the water on the downstream face of such a dam would cause buoyancy
problems that would prevent the dam from lying flat against its foundation. This
inability to fully deflate the rubber dam would have a detrimental effect on the
ability to move water in either direction through the barrier during times when
the operation is not desired (e.g., winter flood events). Also, the most feasible
method of installing and constructing a rubber dam is to completely block the
channel or a portion of the channel. However, blocking the channel for an
extended period of time would not be feasible for floodflow and irrigation
requirements. Additionally, repairs to a rubber dam could be very difficult
depending on the extent of the damage. If the material were torn or burned, the
entire dam would have to be removed from the channel in order to be patched.
Although inflatable rubber dams would not be inconsistent with the export and
fish objectives, DWR Division of Engineering has rejected this concept because
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of the technological and logistical problems associated with operating the dams
in the south Delta.

Construct New Clifton Court Forebay Intake

A new intake triggers a requirement for the construction and operation of a fish
screen at the intake. The requirement that a new fish screen be constructed
makes this alternative impracticable based on both technological and logistical
concerns. Uncertainty exists about the ability of a fish screen to operate
sufficiently to protect the fish and about maintenance and operational constraints.
Fish screens are being developed for testing in conjunction with the CVP Tracy
facility. To date, information regarding the fish screen testing has shown
extremely high costs coupled with untested technology. Accordingly, any
alternative that requires the construction of new large-scale fish screens is found
to be impracticable at this time based on the current status of the CVP Tracy Fish
Test Facility (i.e., Modules Series approach [see Screened Clifton Court Forebay
Intake discussion below]). Although this alternative would be compatible with
the export and fish objectives, it is eliminated from further evaluation due to
technological and logistical constraints.

Existing Intake/Levee Setbacks on West Canal

Standard levee construction methods would be used to construct setback levees
on both sides of West Canal along CCF and Coney Island. Construction of
setback levees would involve strict engineering criteria because the levee on the
CCF side requires enough strength to withstand pressure from water levels on
either side as well as intense wave action from water within CCF. Because the
south Delta contains soils such as peat that can subside when fill is placed on
them, the existing CCF levee was constructed over a period of several years to
allow settling out and to ensure subsidence and consolidation would not occur
after construction was completed. As a result, the existing levee is built beyond
typical engineering standards for levees. The reliability of a newly constructed
levee along CCF would be questionable. To enable construction of a levee
setback along the Coney Island side of Old River, DWR would have to acquire
privately owned prime agricultural property from willing sellers. Prime
agricultural lands have been defined by the state and federal governments as
valuable resources with the combination of physical and chemical features that
allow them to sustain long-term agricultural production. In light of this
information, this alternative would be considered impracticable for reasons
relating to technology and logistics. The construction of a new levee along CCF
would involve unreasonable geotechnical assumptions, and its reliability is
considered risky. In addition, this alternative would require the willingness of
local farmers to sell private lands, agreement from local farmers for easements,
and extensive maintenance access. If farmers are not willing to sell, this
alternative could potentially not be implemented because it is the policy of
CALFED that no program/project will exercise the right of eminent domain for
property acquisition. Although this would not be inconsistent with the export or
fish objective, this alternative is considered an impracticable option for meeting
the local objective and is eliminated from further evaluation.
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Temporary Barriers

The temporary nature of the barriers results in uncertainty as to the continued
permitting and access to the sites for removal and installation. This alternative
involves logistical constraints that make it impracticable as a permanent solution
even though it is consistent with the export or fish objectives.

Consolidating and Extending Agricultural Diversions

The primary issue to resolve with implementing this alternative is that
consolidation and extension of agricultural diversions would require agreement
from local south Delta farmers. Local farmers have concerns regarding the
necessary easements for maintenance agreements and access, the reliability of
consolidated diversions, and flexibility of irrigation. Additionally, if a
consolidated diversion failed, several diversions would be affected. Thus, the
reliability of providing water is reduced by this alternative. Although this
alternative is not incompatible with the export or fish objective, this alternative is
eliminated from further evaluation based on impracticable logistical constraints.

Treatment of Local Agricultural Drainage Water

The construction and operation of agricultural drainage water collection and
treatment systems would require the cooperation and agreement of more than
160 farmers in the south Delta. The collection and treatment system would
occupy at least 0.5 acre of land, permanently removing it from agricultural use.
Return water would be collected from agricultural drainages and treated to
remove salts and TDS, natural organic matter, pesticides, and other contaminants.
Filtrated water would then be reused on crops, and the reject water stream would
have to be stored on site or discharged back into south Delta channels. On
average, the reject stream would contain 50% or more salt, almost twice the salt
level of ambient conditions within south Delta channels. If discharged into south
Delta channels, this water could either blend with existing water within the
channels or, depending on timing, could be rediverted back onto farmland where
its salt levels would be above levels acceptable for crop application. This
alternative is impracticable for technological and logistical reasons.

Technologically, it relies on treatment methods that have been untested and
unproven in the dynamic tidal environmental of the south Delta. Logistically,
this alternative would require cooperation from operators of more than

160 diversions for the construction, operation, and maintenance access to the
collection and treatment systems. It would leave farmers responsible for storage
or disposal of water with high salt concentrations or potentially liable to
implement waste discharge requirements of the Regional Water Quality Control
Board (RWQCB) for a reject water stream discharged into south Delta channels.
Currently, most farmers in the south Delta have received waivers from the
RWQCB for their agricultural drainages. Although it is compatible with the
export and fish objectives, this alternative is considered impracticable and is
eliminated from further evaluation for the above combined reasons.
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Pumping Water from Clifton Court Forebay to

South Delta Water Agency Agricultural Users

The primary issue to resolve with implementing this alternative is from a
logistical perspective. Construction of the 39 miles of pipeline and the two
regulating reservoirs would require the purchase of privately owned prime
farmland, a valuable resource recognized by the state and federal governments.
In addition, this alternative would require the willingness of local farmers to sell
specific private lands, agreement from local farmers for easements, and extensive
maintenance access. If farmers are not willing to sell, this alternative potentially
could not be implemented because it is the policy of CALFED that no
program/project will exercise the right of eminent domain for property
acquisition. Additionally, this alternative would require agreement from farmers
to consolidate diversions. Local farmers have concerns regarding the reliability
of consolidated diversions. If a consolidated diversion failed, several diversions
would be affected. Although this alternative is compatible with the export and
fish objectives, pumping water from CCF to SDWA agricultural users involves
logistical constraints that make it impracticable and the alternative is eliminated
from further evaluation.

Purchase/Fallow South Delta Water Agency Agricultural Users’ Land
Purchasing land for the purposes of having it taken out of production would
result in decreasing the SDWA water use demands in proportion to the amount of
acreage taken out of production. There are uncertainties as to whether an
adequate number of acres could be purchased from willing sellers as required by
CALFED, and this alternative does not improve SDWA’s reliability to divert
water needed to meet consumptive use needs within its boundaries. Therefore, it
is logistically infeasible. Additionally, it does not meet the fish objective or the
export objective. Therefore, this alternative is eliminated from further
consideration.

Export Objective Alternatives

All three of the export objective alternatives (Operational Scenarios A—C) use
existing technology and do not involve logistical problems. Therefore, they have
been retained.

Third-Phase Screening of Alternatives

In the third phase, all alternatives remain single-component and single-objective.
The remaining single-component/single-objective alternatives are looked at more
closely to screen for feasibility based on cost. The cost-analysis phase takes into
consideration the fact that multiple local objective alternatives and fish objective
alternatives would be required to ensure that the overall project objectives are
achieved. Those that would not create a financial barrier to project
implementation are carried forward for analysis in the EIS/EIR.
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Costs

Cost is an important factor in determining which alternatives, either individually
or in combination, are practicable or feasible in relation to the other project
alternatives. However, costs often cannot be accurately applied as a criterion
early in the project selection process because project components lack specific
details needed to estimate costs. Comparatively high costs are not acceptable in
that they can outweigh the benefits of a project or create barriers to the
implementation and continuing operation of the project. Accordingly, projects
that entail significantly higher costs or have uncertainties as to ongoing costs
compared to the other alternatives being evaluated have been screened out as
being impracticable or infeasible. A summary of cost comparisons of the
remaining project components is provided in Table A-7.

Table A-7. Third-Phase Screening Component/Single-Objective Alternative Costs

Component/Single-Objective Alternative Estimated Capital Cost ($)
Fish Objective
Fish Control Structure at Head of Old River 9.9 million

Local Objective

Permanent South Delta Flow Control Structures

Middle River 6.5 million
Grant Line Canal 15.1 million
Old River 9.3 million
Dredging
Middle River
Clamshell 1.75 million
Hydraulic 4.2 million
Old River
Clamshell 0.07 million
Hydraulic 0.21 million
Extending Agricultural Diversions 2.5 million
Existing Intake/Enlarge West Canal 0.84 million
(depending on method) or 0.28 million
Export Objective
Operational Scenario A No Capital Costs
Operational Scenario B No Capital Costs
Operational Scenario C No Capital Costs
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Fish Objective Alternatives

The head of Old River barrier would fully meet the project fish objective. The
Proposition 13 funding earmarked to address the issues in the south Delta
(approximately $56 million) makes this alternative feasible from a budgetary
perspective. In addition, the CVPIA directs and authorizes Reclamation to
construct a fish control barrier at the head of Old River. The Fish Control
Structure at the head of Old River alternative has been retained to meet the fish
objective.

Local Objective Alternatives

As previously mentioned, implementation of more than one local objective
alternative would be required to ensure that the overall project objective is
achieved. For example, as noted under the first-phase screening of the Dredging
Alternative, the Permanent South Delta Flow Control Structures Alternative
would require the implementation of the Dredging Alternative to meet the local
objective. Also, because of the large project area and tidal environment of the
south Delta, local objective alternatives would require implementation at various
locations to meet the local objective. Although the costs of the different local
objective alternatives vary greatly, combining multiple alternatives would result
in comparable costs. Approximately $56 million from Proposition 13 was
earmarked for addressing local water reliability in the south Delta. If costs
exceed that amount, Reclamation and the State Water Contractors may be able to
contribute additional funds. This funding makes these combined alternatives
feasible from a budgetary perspective. All remaining local objective alternatives
have been retained.

Export Objective Alternatives

The three export objective alternatives would result in the use of existing
facilities. Therefore, no capital costs would be incurred by any of these single-
component alternatives. Although operational costs would vary among these
alternatives, these costs would be relatively similar and would not create
obstacles to the implementation and continuing operation of the project.
Therefore, all export objective alternatives have been retained.

Fourth-Phase Evaluation: Development of
SDIP Program Alternatives Evaluated in the EIS/EIR

Alternatives evaluated in the EIS/EIR combine the single objective components
carried through the third-phase screening process. Each alternative contains
components that together meet the project export, local, and fish objectives
(Table A-8). The fourth-phase evaluation is carried forward in the EIS/EIR.
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Table A-8. Alternatives Developed from the Screening Process

Export Objective
Alternative  Component Local Objective Component(s) Fish Objective Component(s)
2A Operational Existing Intake/Enlarge West Canal Fish Control Structure at
Scenario A Three Permanent South Delta Flow Head of Old River
Control Structures
Dredging
Extending Agricultural Diversions
2B Operational Existing Intake/Enlarge West Canal Fish Control Structure at
Scenario B Three (3) Permanent South Delta Flow Head of Old River
Control Structures
Dredging
Extending Agricultural Diversions
2C Operational Existing Intake/Enlarge West Canal Fish Control Structure at
Scenario C Three (3) Permanent South Delta Flow Head of Old River
Control Structures
Dredging
Extending Agricultural Diversions
3B Operational Existing Intake/Enlarge West Canal Fish Control Structure at
Scenario B Two (2) Permanent South Delta Flow Head of Old River
Control Structures
Dredging
Extending Agricultural Diversions
4B Operational Existing Intake/Enlarge West Canal Fish Control Structure at
Scenario B No South Delta Flow Control Structures Head of Old River
Dredging
Extending Agricultural Diversions
The alternatives were developed by combining structural/physical components
with operational components. Because only one fish objective alternative was
carried forth to this phase, it is included in all project alternatives. The local
objective alternatives of Existing Intake/Enlarge West Canal, Localized
Dredging, and Extending Agricultural Diversions are included in all project
alternatives as they are considered to be absolutely necessary in meeting the local
objective, as well as essential for the implementation of any of the export
objective alternatives. Variations of the remaining local objective alternative,
Permanent South Delta Flow Control Structures, were combined with all the
export single-component alternatives (Operational Scenarios A—C). These
resultant alternatives evaluated in the EIS/EIR are presented below. Together,
the alternatives evaluated reveal a reasonable range of impacts resulting from
implementation of a project meeting the identified need for action.
South Delta Improvements Program October 2005
Appendices to the Draft Environmental Impact A-37

Statement/Environmental Impact Report J&S 02053.02



U.S. Department of the Interior, Bureau of Reclamation, South Delta Improvements Program
and the California Department of Water Resources Alternatives Development and Screening

Alternative 2A

Alternative 2A would involve the construction of head of Old River fish control
barrier, and Old River, Middle River, and Grant Line Canal flow control barriers;
channel dredging in Old River, Middle River, and West Canal; spot dredging for
agricultural diversions in Victoria, North, and Grant Line Canals, and in Old
River and Middle River; extension of agricultural diversions; and Operational
Scenario A.

Alternative 2B

Alternative 2B would involve the construction of head of Old River fish control
barrier, and Old River, Middle River and Grant Line Canal flow control barriers;
channel dredging in Old River, Middle River, and West Canal; spot dredging for
agricultural diversions in Victoria, North, and Grant Line Canals, and in Old

River and Middle River; extension of agricultural diversions; and Operational
Scenario B.

Alternative 2C

Alternative 2C would involve the construction of head of Old River fish control
barrier, and Old River, Middle River and Grant Line Canal flow control barriers;
channel dredging in Old River, Middle River, and West Canal; spot dredging for
agricultural diversions in Victoria, North, and Grant Line Canals, and in Old

River and Middle River; extension of agricultural diversions; and Operational
Scenario C.

Alternative 3B

Alternative 3B would involve the construction of head of Old River fish control
barrier, and Old River and Middle River flow control barriers; channel dredging
in Old River, Middle River, and West Canal; spot dredging for agricultural
diversions in Victoria, North, and Grant Line Canals, and in Old River and
Middle River; extension of agricultural diversions; and Operational Scenario B.

Alternative 4B

Alternative 4B would involve the construction of head of Old River fish control
barrier; channel dredging in Old River, Middle River, and West Canal; spot
dredging for agricultural diversions in Victoria, North, and Grant Line Canals,
and in Old River and Middle River; extension of agricultural diversions; and
Operational Scenario B.
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Appendix B

Simulation of Environmental Water Account
Actions to Reduce Fish Entrainment Losses:
Interactive Daily Environmental Water Account
Gaming Evaluations

Introduction

This appendix describes the daily simulation model that was used to evaluate the
potential fish entrainment reductions that could be achieved with the
Environmental Water Account (EWA) that was proposed by the CALFED Bay-
Delta Program (CALFED) as a fish protection action to reduce federal
Endangered Species Act (ESA) concerns at the Central Valley Project (CVP) and
State Water Project (SWP) facilities. The appendix introduces the challenges to
providing both improved fish protection and increased water supply reliability
using the existing Sacramento—San Joaquin River Delta (Delta) facilities. The
historical pumping and fish salvage patterns are reviewed for a number of recent
years. The procedures for the interactive EWA “gaming” sessions, where project
operations staff and fisheries agency staff jointly simulated the operations of the
proposed EWA to reduce CVP and SWP pumping during periods of increased
fish density, are described. Results from these interactive EWA gaming sessions
are presented and reviewed. A comparison of the EWA gaming actions with the
actual 2001-2003 EWA operations is presented. These simulations of the CVP
and SWP pumping patterns are accomplished with a daily model that retains
many of the variations in hydrologic conditions and fish density patterns that are
actually encountered by the operators and the ESA agencies (i.e., National
Marine Fisheries Service [NOAA Fisheries], U.S. Fish and Wildlife Service
[USFWS], California Department of Fish and Game [DFG]) staff. This provides
a more accurate understanding of how the proposed 8,500—cubic foot per second
(cfs) Clifton Court Forebay (CCF) diversion limits would actually be used within
the Delta regulatory framework of State Water Resource Control Board Decision
1641 (D-1641), Central Valley Project Improvement Act (CVPIA) b(2) and
recent EWA operations.

The annual combined CVP and SWP Delta water supply target of 5-6 million
acre-feet (maf) requires that the Delta export pumping plants be operated for the
majority of the time. However, efforts to reduce fish entrainment losses would
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restrict the number of days with high export pumping. The current method for
accomplishing this balance is the EWA, which provides an annual budget to
purchase water from either upstream of the Delta (from water districts) or
downstream of the Delta (from contractors) to allow periods of reduced export
pumping during periods of high fish density to be accomplished without water
supply reductions (unless sold to EWA).

Entrainment losses occur when a vulnerable life stage of a fish species of interest
is directly entrained at the pumping facilities or indirectly drawn toward the
vicinity of the pumping facilities where increased predation losses are likely.
The daily entrainment loss is assumed proportional to the density of fish in the
south Delta water and the volume of water diverted. The existing fish salvage
facilities were designed to effectively screen some of the larger fish life stages
(e.g., Chinook salmon and striped bass). These fish salvage facilities may not be
as effective for smaller fish (e.g., delta smelt). The density of fish in the south
Delta is governed by natural spawning and migration events, but may also be
influenced by the tidal hydraulic transport and mixing conditions that are
partially controlled by the Delta inflow and south Delta pumping patterns.
Changes in Delta inflow or south Delta pumping patterns may change the
distribution of vulnerable fish within the Delta channels. However, because
these possible effects cannot be simulated with the existing knowledge of fish
movement in the Delta, it is assumed that the historical fish density patterns
would remain unchanged by export pumping reductions or increases that result
from higher pumping (i.e., 8,500-cfs limit) or from EWA actions.

Management Tools to Reduce Entrainment Losses

Many of the existing San Francisco Bay/Sacramento—San Joaquin River Delta
(Bay-Delta) Water Quality Control Plan (WQCP) objectives (incorporated into
D-1641) such as the export/inflow ratio and X2 requirements attempt to govern
basic Delta hydrodynamic conditions that are thought to influence entrainment
losses. The distribution and abundance of each fish population are influenced by
the hydrodynamic conditions within the Delta, but are also a function of other
habitat conditions in the Delta. Therefore, in addition to operating the existing
fish salvage facilities and complying with Delta flow and salinity objectives,
entrainment losses may be reduced with the following basic entrainment
management “tools”:

1. Sacramento River inflow can be increased to control conditions along the
migratory pathway for fish entering the Delta from the Sacramento River
corridor, and to regulate Delta outflow and other hydrodynamic conditions.

2. The Delta Cross Channel (DCC) gates can be closed to reduce the diversion
of fish into the central Delta where habitat conditions are less suitable. Fish
are more likely to be drawn toward the pumps once they enter the central
Delta channels.

3. San Joaquin River inflow can be increased to control conditions along the
migratory pathway for fish entering the Delta from the San Joaquin River
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corridor and to regulate central Delta hydrodynamic conditions. Higher San
Joaquin River flows will reduce the net flow from the central Delta toward
the pumps and increase the fraction of San Joaquin River fish making it
downstream to Antioch.

The temporary head of Old River barrier can be closed to reduce the
diversion of fish from the San Joaquin River into the south Delta channels.
The head of Old River barrier directly influences hydrodynamic conditions in
the south Delta and may increase the net flow from the central Delta toward
the pumps. This may increase the number of vulnerable fish from the central
Delta that are drawn toward the pumping plants.

Delta export pumping can be reduced to protect vulnerable life stages of fish
species of interest during periods when high densities of these fish are
observed in the south Delta salvage facilities or in central Delta tow-net
samples. This is the major purpose of the CALFED EWA.

These entrainment management tools are being implemented in combination
because they are the only actions currently available for reducing fish
entrainment losses during initial years of the CALFED strategy (Stage 1).
Additional entrainment management tools may be implemented in the future but
will require the construction of new facilities or habitat restoration areas. The
additional tools include:

1.

The temporary rock barrier at the head of Old River can be replaced with an
operable tidal gate (planned as part of SDIP). This would provide direct
control of the fraction of San Joaquin River water that is diverted into Old
River. Opening the gate during some portion of the tidal cycle (i.e., flood-
tide) might allow fish that may be migrating or trapped in south Delta
channels to escape into the San Joaquin River.

The fish salvage facilities can be upgraded or replaced with new facilities
that would allow fish to remain in south Delta channels or be more
successfully salvaged and moved to another Delta location that is more
isolated from the pumping effects. The handling (i.e., size separation) and
release (i.e., nighttime barge) procedures might be improved for delta smelt
and other smaller fish.

A channel from the CCF tidal gate to the Skinner Fish Facility channel might
be constructed with a permeable rock levee to transport fish more rapidly
from the gate to the salvage facilities and thereby reduce predation losses.
The water storage features of CCF would be preserved with water moving
through the rock levee, but the majority of fish are expected to remain in the
“salvage channel.”

Screens can be installed on more agricultural diversions within the Delta, and
improved screens can be installed on the cooling water intakes for the Delta
power plants at Antioch and Pittsburg.

A new screened diversion channel at Hood (or screen/louver facilities at
DCC and Georgiana Slough) would allow diversion of the water from the
Sacramento River into the central Delta without also diverting vulnerable
fish life stages. The DCC gates could be automated to allow more flexible
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tidal operations for fish protection, water quality control, and recreation (boat
passage) uses.

6. New and restored Delta habitat may increase fish populations and shift the
distributions of vulnerable life stages. This should reduce the effects of
entrainment losses on fish populations, although the higher fish populations
within the Delta may numerically increase the salvage losses.

Environmental Water Account

The EWA is a combination of water contracts, available storage and/or
conveyance capacity, and necessary funding and agreements to allow increased
pumping during periods of low fish entrainment risk and reduced pumping
during periods of high fish entrainment risk. The EWA is formulated as a
method for providing additional fish protection by allowing exports to be shifted
to periods that have lower entrainment losses, without reducing the net exported
water supply. Water purchases from willing sellers south of the Delta will reduce
the demand for exported water. Water purchases from upstream of the Delta are
generally moved across the Delta and exported during the summer when fish
densities are relatively low.

The EWA provides an accounting method to allow the shifting of exports from
one period to another. The EWA puts definitive boundaries on the amount of
water that can be used for entrainment loss reduction, and provides assurances
for the payback of any water supply shortages that these reductions may cause.
The EWA has the following advantages compared with the No Action
Alternative (i.e., no further entrainment reduction measures) or compared with
the likely alternative of imposing additional export restrictions using prescriptive
(fixed rule) standards or ESA “take” limits:

1. The EWA provides the ability to increase and decrease exports consistent
with fish protection goals (i.e., flexibility) and without the constraints of
fixed monthly rules.

2. The EWA allows more efficient use of water for environmental protection
because only the water necessary for protection will be used, and the EWA
managers look for periods when increased exports (export/inflow [E/I]
relaxation) can be allowed to replenish the EWA. The existing monthly
Delta objectives (D-1641) provide a good starting point for EWA
adjustments to increase fish protection.

3. The EWA requires accounting of the water supply impacts caused by
reduced exports for fisheries protection. The value of California water is
properly considered because the water supply impacts must be balanced with
replacement water (from E/I relaxation), purchased water transfers, or
purchased south-of-Delta water supply.

Two difficult tasks for operating a successful EWA are the development of a
biological decision-making framework for EWA actions and quantitative
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Benefits

performance measures for evaluating EWA fish protection actions. Interactive
group simulations of the EWA operations and fish salvage reductions have been
accomplished with a “gaming” model tool. The results from the initial gaming
that was used to formulate the original EWA for the CALFED Programmatic
Record of Decision (CALFED ROD), and recent gaming simulations of the
changes in EWA that might be necessary if the SWP Harvey O. Banks Pumping
Plant (SWP Banks) pumping (CCF diversion) capacity is allowed to be increased
to 8,500 cfs, are described in this appendix.

from the Environmental Water Account

Potential benefits of EWA actions that change net Delta flow conditions (i.e.,
Delta inflows, outflow, DCC diversions, head of Old River diversions, and
export pumping) are difficult to evaluate because there are always multiple
factors affecting fish populations, and the effects of any single factor on fish
survival cannot be experimentally determined.

Measurements of fish distribution and abundance (density) are the fundamental
biological data that must be evaluated to estimate the potential benefits of EWA
changes in net Delta flows and export pumping patterns. The timing of a species
within the Delta (migration, spawning, or rearing) is important because this
controls the fraction of the population that is exposed to Delta conditions during
a specific time period. The location of the population within the Delta is
important because it controls the fraction of the population that is exposed to
direct and indirect effects of net flows and export pumping. Because the
available biological data are generally incomplete (compared with the daily
hydrologic and water quality conditions), a wide range of possible assumptions
(hypotheses) about the relationships between habitat conditions and the resulting
fish distribution and abundance patterns in the Delta must be considered. The
interactive EWA gaming model used the historical CVP and SWP daily salvage
densities as the basic biological measure of EWA success, assuming that the
density patterns would not change with pumping or Delta flow modifications.

Implementation of the EWA

The EWA was implemented as a major fish protection program as part of
CALFED Stage 1, beginning in water year 2001. The water project agencies
(California Department of Water Resources [DWR] and U.S. Department of
Interior, Bureau of Reclamation [Reclamation], referred to as the PAs) and the
fish management agencies (DFG, USFWS, and NOAA Fisheries, referred to as
the MASs) coordinate and cooperate through weekly meetings of a management
level group (Water Operations Management Team) and a technical operations
and scheduling group, called the EWA Team (EWAT). The technical team and
EWA staff coordinate extensively with the CVPIA b(2) interagency team that
directs the use of CVPIA b(2) water at CVP facilities. Annual reports document
the implementation success in purchasing water from both north-of-Delta and
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south-of-Delta contractors, using the EWA water to provide fish protection at the
exports during periods of high fish density, and evaluating the likely success of
these fish protection actions. An annual peer review and workshop evaluate the
EWA.

The EWA has been implemented and is guided by several California Bay-Delta
Authority (CBDA) and DWR staff. The CALFED review workshops and peer-
review reports for the actual EWA operations in 2001, 2002, and 2003 are
available. The Bay Institute also has published reviews of the EWA operations
and performance. Additional documentation on the CALFED EWA program can
be found at the CALFED/CBDA Web site:

<http://Calwater.ca.gov/programs/Environmental\WaterAccount/>.

The guidance documents and major decisions of the EWA technical team are
documented in meeting notes and handout materials from the CALFED
Operations Group and are available at their Web site:

<http://wwwoco.water.ca.gov/calfedops/>.

The negotiations and financial arrangements for the annual and long-term water
contracts with willing sellers, and the coordination with the CVP and SWP
operations staff to schedule fish protection actions based on daily fish salvage
numbers and other fish sampling information, are sizable undertakings that
require dedicated staff. The EWA gaming model results that were used to
initially formulate the EWA and evaluate the potential changes necessary with
the proposed 8,500-cfs SWP pumping limit are described in this appendix.

Daily EWA Simulation Model Features

A combination of CALSIM monthly planning model results and a daily
simulation model of the Delta flows and exports was used for the interactive
EWA gaming simulations to explore and recommend the EWA program. The
CALSIM results were used to approximate the baseline conditions for upstream
reservoirs and water supply demands and export patterns. The daily model
DailyOPS (Daily Operations and Protections Simulation) was then used to show
the daily patterns of Delta flows and allowable export pumping corresponding to
these Delta inflows. The daily model includes the daily historical CVP and SWP
salvage density data, which were used to guide the EWA adjustments in a month-
by-month gaming exercise, with pumping restrictions specified on a weekly
basis. The major features of the daily simulation model are briefly described
below.

The DailyOPS model uses the historical daily Delta inflows (i.e., DAYFLOW
records) for any selected recent year of record (1981-2003). The daily historical
data can be adjusted to match the monthly average CALSIM results for each
montbh, if desired, by adding the monthly difference between the CALSIM value
and the historical average value. Inflows, channel depletions, Contra Costa
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Water District (CCWD) diversions, and south-of-Delta CVP and SWP demands
can be adjusted to match CALSIM. If CALSIM results are not available (e.g.,
1995-2003), the historical inflows can be manually adjusted to reflect any
modifications from the historical conditions that CVP or SWP water management
staff may suggest.

The allowable CVP and SWP exports that would satisfy each of the specified
Delta objectives (D-1641) are calculated for each day. The daily model
calculates daily X2 requirements and export/inflow ratio limits, for example, and
determines adjustments in historical export that would be required to satisfy these
specified objectives, assuming adjusted historical inflows. CVP and SWP San
Luis reservoir storage volumes are simulated as the combination of allowable
exports and monthly water supply deliveries, beginning at the historical or
adjusted initial storages.

The daily model simulates EWA fish protection actions by allowing the CVVP and
SWP pumping to be reduced to less than allowable pumping during periods with
relatively high historical fish salvage densities. The daily model allows the
pumping limits and the maximum E/I ratio (relaxation) to be specified on a
weekly basis. The daily model tracks the EWA adjustments to the baseline
(adjusted historical) conditions. Periods of relaxation in the E/I ratio or increased
exports from upstream water transfers will produce an EWA credit, with
increased San Luis storage. Periods of reduced pumping for fish protection will
reduce the EWA account and create an EWA debt in San Luis Reservoir. South-
of-Delta water purchases are used to reduce the EWA debt with a specified
monthly purchase pattern.

The upstream reservoirs that control Delta inflow can be included in the EWA
daily modeling. This allows the effects of EWA reductions in Delta exports to be
balanced by reducing reservoir releases to minimum required release flows and
holding EWA water in upstream storage, unless the reservoir storage is already at
flood control levels. These upstream reservoir management opportunities have
not been fully explored in the EWA gaming simulations, and more efforts at
coordination between Delta actions and upstream actions should be included in
future gaming sessions.

During the gaming sessions, graphs of the baseline allowable exports and the
historical salvage density patterns at CVP and SWP are displayed. The EWA
fish protection representatives then adjust the exports on a weekly basis during
periods of high fish salvage density. The amount of EWA water required for
these fish protections is accounted for in a monthly spreadsheet that summarizes
the various EWA transactions (water options, upstream or south-of-Delta water
purchases, source shifting). The number of fish salvaged with the baseline and
with the EWA protections is calculated in the daily model and summarized as
monthly values. The monthly salvage of particular fish that might have been
reduced by the EWA pumping reductions is the basic performance measure used
to evaluate the effectiveness of the EWA actions.
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The goal of the interactive EWA gaming simulations is to combine the most
accurate representation of reservoir storage, river flows, and Delta water
management constraints with the best available biological data about fish
abundance and distribution, so that EWA adjustments will provide the greatest
possible benefits to important fish populations.

Historical Central Valley Project and
State Water Project Salvage Data

The interactive EWA gaming simulations have used the historical salvage density
(fish per thousand acre-feet [taf]) from the CVP and SWP facilities to estimate
and compare the baseline and EWA-modified daily fish salvage. The CVVP and
SWP daily salvage data are considered to be more reliable since 1981; earlier
salvage data are available but are more uncertain in some of the species
identification (e.g., delta smelt). The EWA gaming sessions therefore have
started with water year 1981.

Converting the historical salvage records to density provides a standardized
measure of relative fish abundance near the pumps that is assumed to be
independent of the pumping rate. However, this assumption implies that changes
in allowable pumping will not change the basic fish occurrence (i.e., timing) and
abundance (i.e., density) patterns. Under this assumption, the calculated daily
salvage will vary directly with the daily pumping rate. Reducing the exports
during periods with the greatest historical salvage density can therefore protect
the greatest number of fish.

The changed pumping pattern may have a secondary effect on historical salvage
density if the fish population density was not uniform throughout the Delta, and
pumping draws water with high fish density from the central Delta or the San
Joaquin River inflow toward the exports. This might occur, for example, if the
majority of the Chinook salmon salvage originates from the San Joaquin River.
Higher pumping may draw a greater fraction of the San Joaquin River Chinook
salmon toward the pumps. The head of Old River barrier may reduce the
Chinook salmon salvage density at the CVP and SWP. However, assumptions
about how to adjust historical Chinook salmon and splittail salvage density for
various changes in Delta inflows and net channel flows have not been specified
by the EWA modeling team and are not included in the daily EWA calculations.

This effect of pumping on salvage density might also occur for delta smelt or
striped bass that have spawned in the central or northeast Delta and are drifting
passively in the water column. Greater-than-historical pumping might increase
the salvage density, and less than historical pumping might delay and reduce the
historical salvage density. These possible changes in historical salvage density
have not yet been incorporated into the interactive EWA gaming calculations
because the historical distribution patterns are generally unknown. The fish
biologists did consult the 20-mm delta smelt survey distributions as part of their
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selection and timing of EWA actions in some of the EWA gaming sessions for
recent years (i.e., 1995-2003).

One of the fish biologists involved with the EWA gaming (Bruce Herbold, U.S.
Environmental Protection Agency [EPA]) suggested that a shift from the
historical X2 position would likely change the historical delta smelt and striped
bass salvage density. The EWA gaming has assumed that a downstream shift in
the X2 position of 1 kilometer (km) (which would require approximately 10%
more outflow) would reduce the historical delta smelt density by 10%. An
upstream movement of 1 km is assumed to increase the delta smelt historical
density by 10%.

In addition to the historical CVP and SWP salvage records, there are some
available daily records of fish density from the Chipps Island trawling station. In
more recent years, trawling at Sacramento and at Mossdale on the San Joaquin
River have also provided daily records during months with greatest likelihood of
Chinook salmon presence (the target fish species for these sampling efforts).
However, these data have not been included in the daily EWA gaming simulation
model to provide comparisons with the south Delta salvage density for Chinook
salmon, delta smelt, or other fish species.

Review of Interactive EWA Gaming Sessions

The first series of interactive EWA gaming sessions was conducted in the fall of
1998 as part of the CALFED process to evaluate alternative actions proposed for
the initial years of the CALFED strategy (Stage 1). These EWA evaluation
sessions emerged from the combination of the Diversion Effects on Fisheries
Team (DEFT) and the CALFED Operations Group real-time data evaluation
group (called the No-Name group) to form DEFT-No-Name coordination team
(DNCT). This work was conducted under the Water Management Coordinating
Team (WMCT). Peter Louie from The Metropolitan Water District of Southern
California (Metropolitan) had proposed the use of the SWP and CVP salvage
numbers to develop “fish triggers” to schedule export reductions to reduce
entrainment losses of endangered fish to avoid ESA take limits.

An EWA modeling team was organized that included Peter Louie (Metropolitan),
Bruce Herbold (EPA), Jim Snow (DWR), Paul Fujitani and Chet Bowling
(Reclamation), Art Hinojosa (SWP), George Barnes (DWR), Dave Briggs
(CCWD), Dave Fullerton (Natural Heritage Institute [NHI]), Spreck Rosekrans
(Environmental Defense Fund [EDF]) as well as B.J. Miller and Tom Boardman
(San Luis & Delta-Mendota Water Authority [SLDMWA]). A series of initial
gaming sessions using water years 1991-1995 were conducted in spring (April-
June) 1999 to explore the possibilities for an EWA.

A biology team was also formed to develop general guidelines or rules for fish
protection measures that became known as the biological “templates” for the
periods and level-of-pumping protection. The biology team included Karl
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Halupka and Gary Stern (NOAA Fisheries), Bruce Herbold (EPA), Sheila Greene
(DWR), Pete Rhoads (Metropolitan), Chuck Hanson, Pete Chadwick (DFG
retired), Jim White (DFG), and Mike Fris (USFWS).

A workshop was held on November 30, 1999, to demonstrate the EWA gaming
approach and seek stakeholder review and comment. Based on favorable review,
the interactive EWA gaming model was expanded to include the ability to adjust
historical inflows to match results from the CALSIM monthly model for water
years 1981-1994. A full series of EWA gaming sessions were conducted in
spring 2000, and final recommendations based on these gaming results were
incorporated into the CALFED ROD in August 2000.

Gaming sessions generally required several days to complete the series of water
years 1981-1994. Depending on the water year and interactive discussion of
operations changes and fish protection decisions, between 2 and 4 years could be
simulated during a day of gaming. The EWA gaming sessions involved
extensive planning and coordination to prepare the participants. The first stage in
the planning for the EWA gaming sessions was to clearly determine the CVP and
SWP operating assumptions that should be used in the baseline simulation. This
generally included the existing Delta objectives (D-1641) and facilities. Next the
available assets for the EWA were identified. A series of biological templates
were developed, based on a review of the historical operations and salvage
records, to identify likely periods of high fish density and to determine
acceptable pumping levels during these protection periods. These biological
templates were used to guide the EWA actions during the gaming. A monthly
water accounting procedure was used in the gaming sessions to track the use and
repayment of water from the assumed EWA assets.

Dave Fullerton, who was with the NHI and is now with Metropolitan, was the
key player in visualizing and organizing these gaming sessions. He drafted an
initial proposal for export reductions by a proposed “environmental water
district” with an assumed water allocation in May 1998. Ron Ott, CALFED
CH2MHill consultant, facilitated the early EWA gaming in 1999 and 2000 that
was used to formulate the EWA for the CALFED ROD in 2000. Many
exceptional members of the fisheries agencies and the CVVP and SWP operations
staff participated in the EWA gaming sessions. Some of these staff are still
active in helping to guide the EWA implementation. The process of gaming the
EWA, with both project operators and fish protection staff participating in these
interactive sessions, provided a level of confidence that this type of adaptive
management of the exports could be implemented as a more efficient and
cooperative approach to fish entrainment protection.

Another series of interactive EWA gaming sessions was conducted in July and
August 2002 to evaluate changes in the size of the EWA that might be required if
the SWP pumping limit was increased to 8,500 cfs. It was generally understood
that the same level of EWA protection achieved from a specified pumping level
would be more costly if measured from an increased baseline pumping limit.
However, the increased pumping capacity in the winter might allow San Luis
Reservoir to be filled earlier and allow reduced pumping in the early spring
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period, when highest densities of fish were observed. The gaming years were
1981-1994 using adjusted inflows to match the CALSIM results. The more
recent years of 1997 and 1999-2001 were added to the gaming sessions without
any adjustments from historical operations, to evaluate the incremental effects of
the proposed 8,500-cfs SWP Banks pumping limit.

The latest session of interactive EWA modeling was performed in September
2003 to review the historical operations for 1999-2003 and evaluate the
necessary changes in EWA to allow the same level of fish protection with the
proposed 8,500-cfs SWP pumping limit. Results from these evaluations allowed
a direct comparison with the gaming EWA actions and the actual EWA actions
implemented in years 2001, 2002, and 2003.

Results from some of these EWA gaming sessions will be shown and discussed
in the following sections to provide an understanding of the historical daily Delta
CVP and SWP operations, and the actual fish density patterns that govern the
EWA actions. The initial EWA gaming sessions assumed the existing (D-1641)
Delta objectives and the existing 6,680-cfs SWP Banks pumping capacity. The
likely changes in Delta operations that would result from the increased SWP
pumping limit of 8,500 cfs were simulated in more recent EWA gaming sessions.
DailyOPS results comparing the EWA actions simulated for both 6,680-cfs
capacity and the proposed 8,500-cfs capacity are shown in figures for recent
years of operations.

Simulated EWA Actions with 6,680-cfs and
8,500-cfs SWP Banks Pumping Capacity

Interactive gaming of EWA actions with the DailyOPS model was used to
evaluate the potential changes in the EWA that might be required to provide
effective fish salvage protection if the permitted CCF diversion capacity for the
SWP Banks facility were increased to 8,500 cfs. Comparisons were made with
daily EWA simulations for the existing SWP Banks capacity of 6,680 cfs for the
period 1981-2001 (skipping the wet years of 1983, 1995, 1996, and 1998) during
July and August 2002. The gaming was based on earlier sessions that simulated
the size of the EWA necessary to provide protections that were similar to the
biological template used in the initial formulation of the EWA for the CALFED
ROD. Slightly different CVP and SWP monthly operations results (from
CALSIM rather than DWRSIM) were used in the 2002 gaming sessions.
Existing CVP and SWP facilities and operations (D-1641) were used for the
EWA baseline.

Table B-1 gives the annual summary values for CVP and SWP exports, along
with the CVPIA b(2) and EWA fish protection actions that were simulated in the
EWA gaming sessions to reduce exports for both the existing 6,680-cfs SWP
pumping limit and the proposed 8,500-cfs pumping limit. The EWA export
reductions were assumed to be fully compensated for with upstream or south-of-
Delta water purchases. CVP export reductions were assumed to be accomplished
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with CVPIA b(2) water. The SWP export reductions were assumed to be made
with EWA water. The resulting annual fish salvage values for Chinook salmon,
delta smelt, splittail, and steelhead for the baseline and EWA actions using both
the existing 6,680-cfs SWP limit and the proposed 8,500-cfs SWP pumping limit
are given in Tables B-2 to B-7.

Table B-1 compares the historical CVP and SWP pumping to the simulated
pumping under D-1641 with CALSIM-adjusted inflows. For the 17 years
simulated, the average historical pumping was 4,810 thousand acre-feet per year
(taf/yr), and the baseline simulated pumping was 5,042 taf/yr for the 6,680 cfs
SWP Banks limit. Fish protection cuts are separated into the CVPIA b(2) and
assumed EWA reductions. The CVPIA b(2) cuts averaged 200 taf/yr and the
EWA cuts averaged 243 taf/yr. The average percentage of the baseline pumping
that was reduced by these fish protection actions was 8%. The additional
baseline pumping possible with the 8,500 cfs SWP Banks limit was 115 taf/yr,
and the additional fish protection actions to provide the same EWA protections
averaged 26 taf/yr.

Tables B-2 to B-7 show the annul salvage corresponding to these five pumping
conditions for each year. Very large reductions in Chinook salmon salvage are
shown in Table B-2 (average reduction of more than 30%) because of the large
CVP and SWP reductions during VAMP, which corresponds to the peak fall-run
Chinook salmon densities. Table B-3 indicates the protection of October—March
Chinook salmon (i.e., winter-run and spring-run) was moderate (18%). Table B-
4 indicates that the average reduction in delta smelt salvage was nearly 50%,
because the highest densities are usually in April and May when the majority of
EWA and CVPIA b(2) actions were simulated. Table B-5 indicates the
protection of adult delta smelt (October—March salvage) was about 20%. Table
B-6 shows the good protection of splittail, averaging more than 25%. Table B-7
indicates that the simulated reduction of steelhead salvage averaged about 20%.
These are quite good reductions for reductions in pumping that averaged less
than 10% of the baseline pumping.

CALSIM monthly results for D-1485 and D-1641 (1995 Bay-Delta WQCP
objectives) were available from DWR from a simulation completed in May 2002
that included water years 1981-1994. The changes from D-1485 to D-1641 are
used in the CVPIA b(2) accounting for the CVP facilities. The daily historical
inflows were adjusted to match the monthly average values estimated by
CALSIM for D-1641 conditions for each of these years. The monthly CVP and
SWP deliveries were used to simulate daily San Luis Reservoir storage changes,
with San Luis storage starting with the CALSIM values from the previous water
year. The CALSIM model does not include water years 1995-2001, so the
historical inflows and deliveries were used as the baseline conditions, without
any EWA actions. The gaming session specified the weekly EWA protections
that would be required to provide sufficient fish salvage reductions to satisfy the
fisheries template. Although this was a subjective level of fish protection, it used
results from previous gaming sessions within a framework of assumed EWA
assets that were similar to the CALFED ROD description.
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The DailyOPS model was used to estimate daily allowable exports, once the
historical inflows were adjusted to match the monthly CALSIM values. This
baseline simulation of CVP and SWP daily pumping was then adjusted in the
interactive EWA gaming sessions by a team of fish agency representatives (DFG,
NOAA Fisheries, USFWS) and water project operators (Reclamation, DWR) and
water contractor representatives. The EWA gaming adjustments are made on a
week-by-week basis during periods with relatively high historical salvage
density. The comparison to the proposed 8,500-cfs SWP capacity was then made
by adjusting the baseline to the assumed 8,500-cfs capacity and applying the
same EWA protections (i.e., SWP and CVP pumping levels during weeks with
protections) as used in the 6,680-cfs game. Several figures will be shown to
illustrate the EWA gaming procedures. Water years 1987 and 1988 will be used
as examples.

Figure B-1 shows the DailyOPS model adjustments to the historical Sacramento
and San Joaquin River inflows to match the CALSIM monthly inflows for water
year 1987 with the existing SWP pumping limit of 6,680 cfs. The monthly
adjustments in Sacramento River flows were greater than 2,000 cfs in several
months. The largest reductions in the San Joaquin River flows of about 1,000 cfs
were made in November, December, and March.

Figure B-2 shows the DailyOPS model calculations of export limits and Delta
outflow conditions for water year 1987 with the existing SWP pumping limit of
6,680 cfs. There are four different export limits that are calculated in the model.
The E/I limits are based on the 14-day moving average of inflow. The outflow
limits are based on the required Delta outflow. The capacity limits are based on
the CVP capacity and the 6,680-cfs SWP limit. The San Luis Reservoir limits
are equal to the CVP and SWP deliveries once San Luis Reservoir is filled. The
minimum of these four export limits controls the allowable daily total exports
that are shown in as the green area on the graph.

The top graph reflects the E/I limits that shift from 65% in the months of
October-January, to 45% in February (because the 8-river runoff index in
January 1987 was low), to 35% in March—June, and back to 65% in July—
September. The E/I limit is equal to the San Joaquin River inflow during the
Vernalis Adaptive Management Plan (VAMP) period of April 15-May 15. The
bottom graph shows the required Delta outflow, which is controlled by the X2
objectives in the February—June period. The CVP exports are shown with the
yellow line and are generally equal to the CVP capacity except during the VAMP
period. The CVP portion of San Luis Reservoir was filled in March and the CVP
exports were equal to the CVP demands.

The historical CVP and total exports are shown for comparison. However, the
historical 1987 Delta operations were controlled by D-1485, while the EWA
simulations were made with D-1641 operating objectives. The simulated exports
are also affected by the adjustments in the Sacramento River and San Joaquin
River inflows that were made to match the CALSIM monthly values. For this
example year of 1987, the existing 6,680-cfs SWP Banks capacity was a limiting
factor controlling SWP exports only in the first half of October and in July and
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August. These are, therefore, the only periods when SWP export pumping likely
would have been increased with the proposed 8,500-cfs SWP Banks limit.

Figure B-3 shows the EWA gaming results for water year 1987 with the existing
SWP Banks pumping capacity of 6,680 cfs. The historical pumping (red line),
baseline D-1641 pumping (yellow area), and the EWA-adjusted pumping (brown
line) are shown along with the historical SWP and CVP salvage densities
(logarithmic scale) for Chinook salmon, delta smelt, splittail, and steelhead. This
comparison of the SWP and CVP export pumping patterns with the historical fish
density pattern illustrates the dilemma of Delta water operations and fish
protection. The EWA was proposed and implemented as a method of making
these two conflicting goals more compatible with each other.

For the 1987 gaming simulations, the major EWA actions to reduce export
pumping were specified in March. Baseline D-1641 pumping was already low
during the VAMP period, but the EWA protections reduced the exports slightly.
EWA was simulated to purchase water from upstream and transfer it in late June
and September. Table B-1 indicates that the reduced pumping for fish protection
actions in 1987 was 68 taf at Tracy (assumed to be CVPIA b(2) water) and

130 taf at SWP Banks (assumed to be EWA water).

The CVP and SWP salvage densities are similar but not always identical. The
gaming of EWA actions was usually based on the SWP salvage densities, and the
calculations of the baseline salvage and the EWA protections were made with the
SWP densities. Assuming that the daily pattern of fish density remained the
same, the calculated Chinook salmon baseline D-1641 salvage was much less
than the historical salvage. The October—March period is assumed to be spring-
and winter-run Chinook salmon. The baseline salvage during this period was
greater than historically. The combination of CVPIA b(2) and EWA actions
reduced the 1987 annual salvage of Chinook salmon by 32% and reduced the
1987 October—March salvage by 27%. This is quite a high protection for
Chinook salmon considering that only 4% of the total baseline exports were
reduced by the CVPIA b(2) and EWA actions in 1987. This high level of
protection was achieved because the March reductions in exports corresponded
with relatively high Chinook salmon densities and the slight reduction in exports
during the VAMP period corresponded with very high Chinook salmon densities.

These periods of CVPIA b(2) and EWA protections during 1987 also provided
some protection for steelhead (25%). However, the simulated salvage of delta
smelt was increased by 36% because the additional exports that were allowed in
June and September (to transfer EWA purchased water from upstream)
corresponded with high densities of delta smelt. The salvage of adult delta smelt
in the October—March period was also increased by 7% because of the periods of
increased pumping (E/I relaxation) that was allowed in January.

Splittail salvage was increased by 59% because of the historical salvage in June
and September. Figure B-4 shows the same graphs for 1987 with the SWP
Banks pumping capacity increased to 8,500 cfs. Although the baseline exports
were slightly higher during a couple of periods of increased SWP Banks pumping
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(October and March), the fish protection achieved was almost identical to that
achieved with the EWA gaming with the existing 6,680-cfs capacity. The major
EWA protections were specified in March and during VAMP. Table B-1
indicates that the total salvage numbers were within a few percent of the 6,680-
cfs EWA game values.

Figure B-5 provides another example of the simulated EWA actions for 1988
with a SWP Banks capacity of 6,680 cfs. The EWA and CVPIA b(2) actions
were taken in December and January to protect winter/spring-run Chinook
salmon and delta smelt adults. Protections for steelhead and splittail were also
provided in these periods. Water year 1988 was a very dry year, and allowable
export pumping was very limited during the spring and summer. Total simulated
fish protections cut CVP exports by 152 taf and SWP exports by 173 taf, which
was about 10% of the total baseline exports for 1988 with SWP Banks capacity
of 6,680 cfs.

The 1988 annual Chinook salmon salvage reduction was only 4% from the
baseline, although the baseline (D-1641 objectives) reduced Chinook salmon
salvage to only 37% of historical salvage in 1988. A somewhat larger reduction
(11%) in the October—March Chinook salmon salvage was achieved with the
1988 EWA simulation. A 19% reduction in delta smelt was achieved, and a 53%
reduction in adult delta smelt was achieved by the simulated EWA actions in
December and January. A 12% reduction in splittail salvage during 1988 was
achieved primarily by the January cuts.

Figure B-6 shows the simulated EWA actions for the assumed increased
8,500-cfs SWP Banks capacity in 1988. The baseline D-1641 pumping was
increased only slightly in December and in January because the inflows were
generally low in 1988. The simulated CVP reductions with CVPIA b(2) water
remained the same, and the same fish protections at the SWP facility required
287 taf of EWA water (114 taf more than the 6,680-cfs game). Table B-1
indicates that the EWA annual salvage numbers with the 8,500-cfs capacity were
very close to the 6,680-cfs EWA annual salvage values.

Summary of EWA Annual Fish Salvage Protection

Figure B-7 shows the annual SWP exports for the baseline D-1641 and EWA
gaming simulation compared with the historical exports for these 17 simulated
years with the existing SWP capacity of 6,680 cfs. The purpose of these EWA
simulations was to determine the general size of the EWA account that would
likely provide the level of fish protections considered adequate by the fish
protection agencies. The CVPIA b(2) and EWA reductions are shown with the
blue bars. Figure B-8 shows the annual CVP exports for the baseline D-1641 and
the CVPIA b(2) gaming results.

Figures B-7 and B-8, as well as Table B-1, indicate that the annual EWA cuts in
SWP exports averaged about 240 taf, and the annual CVP cuts (assumed to be
provided with CVPIA b(2) water) averaged about 200 taf. Some years required
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much larger cuts. As a percentage of the total CVP and SWP exports, these
simulated EWA and CVPIA b(2) reductions ranged from 3% to 17%, with an
average of 8%. The simulated credits represent pumping that was shifted to
periods of reduced fish density, relaxations, and assumed north-of-Delta
purchases that were simulated as increased inflows. South-of-Delta EWA
purchases were tracked in the gaming as reduced SWP demands to maintain the
simulated baseline D-1641 SWP San Luis Reservoir storage pattern, but are not
included in the credits. The simulated CVP cuts using CVPIA b(2) water were
assumed to reduce the CVP deliveries. The simulated SWP and CVP exports
simulated for the D-1641 Delta objectives are compared with the historical
exports to indicate the changes in allowable pumping under D-1641.

Annual graphs for the fish salvage protection achieved in the EWA gaming with
6,680-cfs SWP Banks pumping capacity indicate the most recent estimates of the
EWA and CVPIA b(2) actions for the 17 years that have been gamed (1981-
2001, without wet years of 1983, 1995, 1996 and 1998). These salvage values
are calculated in the daily EWA model using the daily historical SWP salvage
densities and the simulated daily exports. The historical CVP salvage densities
are used for a second estimate of salvage in the gaming, but are not shown here.
Historical salvage calculations are shown to indicate the fish salvage protection
achieved with the D-1641 objectives, but may also reflect increased salvage
when the simulated baseline exports were greater than historical exports.

Figure B-9 shows the annual total Chinook salmon salvage values for the
baseline D-1641 and with EWA and CVPIA b(2) actions assuming 6,680-cfs
SWP Banks capacity. The percent reductions in salvage are indicated by the
bars. An overall reduction of 32% was achieved, with the baseline annual
average salvage of 200,000 Chinook salmon reduced to an annual average of
135,000 Chinook salmon with the CVPIA b(2) and EWA export reductions
(Table B-2).

Figure B-10 shows the assumed spring/winter-run Chinook salmon salvage
(October—March) comparisons indicating the percentage reductions assuming
6,680-cfs SWP Banks capacity. An overall reduction of 17% was achieved for
these spring/winter-run Chinook salmon. The annual average baseline salvage of
47,000 was reduced to an annual average of 39,000 with the CVPIA b(2) and
EWA actions (Table B-3).

Figure B-11 shows the annual delta smelt salvage values for the baseline and the
EWA gaming results, assuming 6,680-cfs SWP Banks capacity with the percent
reductions shown as bars. The historical values are shown for comparison. An
average reduction of 48% was achieved with the EWA and CVPIA b(2) actions
(Table B-4). Figure B-12 shows the comparison for the October—March adult
delta smelt salvage calculations assuming 6,680-cfs SWP Banks capacity (Table
B-5). An average reduction of 19% was simulated for these adult delta smelt.
The annual average baseline salvage of 10,600 fish was reduced to an annual
salvage of 8,600 fish.
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Figure B-13 shows the annual salvage values for splittail, assuming 6,680-cfs
SWP Banks capacity. An average reduction of 28% was simulated, although this
average reduction was dominated by the huge salvage in 1986 (Table B-6). The
annual average baseline salvage of 242,000 was reduced to an annual average of
176,000 with the CVPIA b(2) and EWA actions.

Figure B-14 shows the annual salvage values for steelhead assuming 6,680-cfs
SWP Banks capacity. The annual average baseline salvage of 11,000 was
reduced to an annual average of 9,000 with the CVPIA b(2) and EWA actions
(Table B-7) for an average reduction of 18%.

Simulated Changes in EWA with 8,500-cfs SWP
Capacity

Table B-1 also gives the annual simulated CVP and SWP exports and EWA and
CVPIA b(2) export reductions for the same set of fish protection actions, but
using the proposed 8,500-cfs SWP Banks pumping limit. The CVP and SWP
deliveries were taken from the CALSIM D-1641 simulations. The total change
in SWP and CVP exports for baseline D-1641 Delta operations with the 8,500-
cfs SWP Banks limit was 115 taf. This indicates the magnitude of the potential
yield increase from the higher pumping limit. The simulated increase in the
EWA cuts needed to provide the same pumping levels during the weeks of EWA
and CVPIA b(2) protections averaged about 25 taf. This suggested that the
increase in the size of the EWA account (i.e., assets) to compensate for the higher
baseline pumping that might be allowed with the 8,500-cfs limit was only about
25 taf. As already shown for 1987 and 1988, the periods when the pumping
could actually be raised with the higher SWP Banks pumping capacity are
relatively limited in most years. A moderate increase in the EWA assets would
allow the same level of fish protection with the increased 8,500-cfs pumping
capacity.

Tables B-2—-B-7 show the annual fish salvage calculations for the simulations of
the same EWA and CVPIA b(2) actions, but with the proposed 8,500-cfs SWP
Banks pumping limit. The simulated reductions in annual or seasonal fish
salvage numbers were very similar for all fish that were tracked in the EWA
gaming simulations.

Comparison of Recent Years of Simulated
EWA Operations

Interactive EWA gaming sessions were used to simulate EWA actions under the
existing D-1641 Delta objectives and evaluate the changes between the 6,680-cfs
capacity and the 8,500-cfs capacity for the recent years of 1997 and 1999-2003.
The CVP and SWP Delta operations in these years were controlled by D-1641
and provide an opportunity to compare the DailyOPS gaming model results with
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historical operations under D-1641. The actual EWA operations in 2001, 2002
and 2003 also can be compared with the gaming session results. These
simulations of recent years did not use CALSIM monthly deliveries and Delta
inflows because the CALSIM planning model only simulates the period of 1922—
1994. The historical deliveries and Delta inflows were used in these gaming
sessions, although some adjustments were made by the CVP and SWP staff
participants to adjust reservoir operations to be consistent with the assumed
8,500-cfs capacity.

Figure B-15 shows the baseline exports and EWA protections patterns as
simulated for the 6,680-cfs capacity for 1997. The bottom graph shows the
resulting Delta outflow for the baseline and EWA protections. The baseline
pumping generally was limited by outflow requirements in the fall and summer,
but was limited by deliveries during the winter period because the SWP portion
of San Luis Reservoir was filled at the end of November, and the CVP portion
filled by mid-January. No EWA actions were taken in December—February
because the pumping was already limited. The high X2 outflow requirements
limited exports during the second week of March. The EWA protections were
simulated during VAMP and extended into the first week of June. Exports were
at the maximum permitted pumping capacity (included 500-cfs increment for
EWA) in July—-September.

Figure B-16 shows the results of the EWA actions on the SWP and CVP San
Luis Reservoir storage patterns. The cumulative reductions in CVP and SWP
exports by the second week of June were about 380 taf. The EWA needed

300 taf south-of-Delta purchases and delayed delivery, along with the 500-cfs
export allowance for north-of-Delta purchases in July—September to return the
San Luis Reservoir storage to its baseline values by the end of the water year.
The bottom graph compares the DailyOPS model exports to the historical exports
for 1997. There was reasonable agreement through the VAMP period. Historical
pumping was higher in June (because there were no EWA protections in
historical 1999 conditions), and SWP pumping was lower in portions of July and
August. The historical SWP San Luis Reservoir storage was about 500 taf lower
than the EWA gaming simulations as a result.

Figure B-17 shows the SWP and CVP pumping and salvage density patterns for
1997. The peak Chinook salmon density of 100 fish/taf at SWP and CVVP
facilities occurred in the last week of March and first week of April, ahead of the
VAMP period. The peak in delta smelt density of almost 1,000 fish/taf occurred
in mid-May. Both Chinook salmon and delta smelt were special-status species
with the May and early June export reductions. The highest densities are often
observed within the mid-March to mid-June period, but anticipating the week(s)
with the highest density within a year is a very difficult task for the staff guiding
the EWA actions.

Figure B-18 shows the baseline exports and EWA protections patterns as
simulated for the 6,680-cfs capacity for 2000. The bottom graph shows the
resulting Delta outflow for the baseline and EWA protections. The baseline
pumping was generally limited by a combination of the outflow requirements and
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the E/I ratio and the permitted pumping capacity in the fall months. Pumping
was not limited by deliveries until February when the SWP portion of San Luis
Reservoir was filled. CVPIA b(2) water was used to reduce both CVP and SWP
exports in mid-December for a Chinook salmon code-wire tag (CWT)
experiment and spring-run entrainment protection. An additional CVPIA b(2)
action in late January for spring-run Chinook salmon reduced the CVVP exports.
These fish protection actions were “removed” in the baseline EWA gaming
simulation. EWA actions were simulated in the gaming session in February
2000. EWA protections were also simulated during VAMP and extended into
the third week of June. Exports were at the maximum permitted pumping
capacity (included 500-cfs increment for EWA) in July—September.

Figure B-19 shows the results of the EWA actions on the SWP and CVP San
Luis Reservoir storage patterns. The gaming did not include the December and
January CVPIA b(2) actions, so San Luis Reservoir filled by the beginning of
March. The cumulative reductions in CVP and SWP exports by the third week
of June were about 550 taf. The EWA needed 250 taf south-of-Delta purchases
and delayed delivery, along with the 500-cfs export allowance for north-of-Delta
purchases in July—September to return the San Luis Reservoir storage to its
baseline values by the end of the water year. A CVPIA b(2) use of 200 taf
(reduced CVP deliveries) was assumed. The gaming CVP San Luis Reservoir
storage was higher than historically, but the ending San Luis storage with EWA
and CVPIA b(2) actions was close to historical values.

The bottom graph compares the DailyOPS model exports to the historical exports
for 2000. The historical CVPIA b(2) actions in December and January were the
major differences. Historical pumping was higher in February because there was
no EWA protection.

Figure B-20 shows the SWP and CVP pumping and salvage density patterns for
2000. The peak Chinook salmon density of 500 fish/taf at SWP and CVP
facilities occurred in April and May, during the VAMP period. The peak in delta
smelt density of almost 1,000 fish/taf occurred in late May. The highest densities
are often observed within the mid-March to mid-June period, but anticipating the
week(s) with the highest density within a year is a very difficult task for the staff
guiding the EWA actions.

Comparison of Actual 2001-2003
Environmental Water Account Actions

The first three years of actual EWA actions and accounting of EWA assets have
been used to simulate the historical operations during these three years with the
DailyOPS model. These results show that a good simulation of the EWA actions
can be obtained using specified weekly “actions” that mimic the actual EWA
decisions to reduce pumping to protect fish. The allowable exports and the EWA
costs are reasonably well simulated with the DailyOPS model. The allowable
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pumping with the same EWA actions, but with the 8,500 cfs SWP Banks
pumping limit, are shown and described in the following section.

2001 Environmental Water Account Actions

Figure B-21 shows the allowable D-1641 export limits for water year 2001. The
DailyOPS model results for the baseline conditions with historical inflows are
shown as the red line for total pumping and the black line for CVP pumping.
The exports were limited by the required outflow and the E/I ratio for most of the
year. The EWA was implemented for the first time in 2001. Fish protection
actions were taken in the winter (January—March) and during the VAMP period
that was extended through May. The reported EWA actions totaled 290 taf from
January to June of 2001. The simulated SWP export reductions for EWA
amounted to 300 taf, with a shifted pumping of 125 taf in the second half of
March, for a net EWA use of 175 taf. The simulated CVP reductions during
VAMP were about 125 taf, using CVPIA b(2) water. The total reduction in
exports was therefore about 300 taf, which was about 5.5% of the 5,390 taf that
was the simulated D-1641 baseline pumping. The historical pumping of 4,936
taf was just a little less (156 taf) than the simulated exports of 5,092 taf with the
EWA and VAMP actions. This is a very close match between the historical
pumping and the DailyOPS simulated pumping with CVPIA b(2) and EWA
actions.

Figure B-22 shows the simulated and historical San Luis Reservoir storage
patterns. The CVP portion of San Luis Reservoir was filled by mid-December,
and the SWP portion was filled in mid-March. The simulated storage pattern
with the EWA actions was quite close to the historical storage patterns. The
bottom graph shows that the simulated exports were similar to the historical
exports. It can be seen from this graph that the opportunity to use a higher SWP
pumping capacity was limited in 2001. The only period with enough Delta
inflows to allow 8,500 cfs of SWP pumping would have been in the January—
March period. However, EWA fish protections were scheduled for several of
these weeks, including the first two weeks of March. Higher pumping limits
would have allowed higher pumping in some of the other weeks to reduce the
EWA debt and fill San Luis Reservoir earlier in March. Higher SWP pumping
limits in the summer would not have increased exports because they were limited
by required Delta outflows in 2001.

Figure B-23 shows the SWP and CVP fish salvage densities, along with the
historical pumping and simulated D-1641 and EWA pumping patterns for 2001.
Steelhead were relatively abundant (more than 20 fish/taf) in February and
March. Chinook salmon densities were high in April and May, with maximum
densities of 500-1,000 fish/taf. Delta smelt densities were greater than

100 fish/taf in May. The simulated SWP and CVP export reductions were
similar to the historical accounting for the EWA and the CVPIA b(2) actions.
The simulated reductions in fish salvage from the D-1641 baseline pumping to
the EWA and CVPIA b(2) conditions (with VAMP) were about 32% for Chinook
salmon, 8% for steelhead, 6% for splittail, and 61% for delta smelt.
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2002 Environmental Water Account Actions

Figure B-24 shows the simulated D-1641 baseline and with CVPIA b(2) and
EWA actions for water year 2002, which was the second year of actual EWA
implementation. The DailyOPS model results for the baseline conditions with
historical inflows are shown as the red line for total pumping and the black line
for CVP pumping. The exports were limited by the required outflow and the E/I
ratio for most of the year. Fish protection actions were taken in the first week of
December, the first week of January, and during the VAMP period that was
extended through May. The reported EWA actions totaled 290 taf (including

70 taf for CVP pumping during the extended VAMP) for water year 2002.

The simulated SWP export reductions for EWA amounted to 190 taf, with a
shifted pumping of 100 taf in the second half of February and the first half of
March, for a net EWA use of 90 taf. The simulated CVP reductions during the
extended VAMP were about 85 taf, using CVPIA b(2) water and some EWA
water. The total simulated reduction in exports was therefore about 275 taf,
which was about 5% of the 5,568 taf that was the simulated D-1641 baseline
pumping for 2002. The historical pumping of 5,379 taf was just a little less (65
taf) than the simulated exports of 5,444 taf with the EWA and VAMP actions.
This is a very close match between the historical pumping and the DailyOPS
simulated pumping with CVPIA b(2) and EWA actions. The DailyOPS model
provides a very close simulation of allowable exports for the historical inflows
and using the historical monthly SWP and CVP deliveries.

Figure B-25 shows the simulated and historical San Luis Reservoir storage
patterns for 2002. The CVP portion of San Luis Reservoir was filled by late
January, and the SWP portion was filled by mid-March. The simulated storage
pattern with the EWA actions was quite close to the historical storage patterns.
The bottom graph shows that the simulated exports were very similar to the
historical exports. It can be seen from this graph that there would have been
some opportunity to use a higher SWP pumping capacity in December and
January of water year 2002. Although fish protection actions were taken in both
months, higher pumping outside these protections would have allowed San Luis
to fill earlier, reducing the pumping earlier in March. Higher pumping might
also have been helpful in July and August, although Delta outflow requirements
limited pumping in September.

Figure B-26 shows the SWP and CVP fish salvage densities, along with the
historical pumping and simulated D-1641 and EWA pumping patterns for 2002.
Delta smelt were relatively abundant (more than 20 fish/taf) in early January
(EWA action taken). Chinook salmon densities were high in April and May, but
with maximum densities of only 100-200 fish/taf. Delta smelt densities at the
CVP salvage facilities were greater than 100 fish/taf in May. The delta smelt
densities at the SWP salvage facility were greater than 1,000 fish/taf in late May
(EWA extended VAMP). The simulated SWP and CVP export reductions were
similar to the historical accounting for the EWA and the CVPIA b(2) actions.
The simulated reductions in fish salvage from the D-1641 baseline pumping to
the EWA and CVPIA b(2) conditions (with VAMP) were about 23% for Chinook
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salmon, -9% (loss) for steelhead, 5% for splittail, and 54% for delta smelt for
2002. The fact that these percentage salvage reductions were much higher than
the percentage export reductions (5%) is the result of scheduling the protections
to correspond to period with the highest salvage densities for Chinook salmon
and delta smelt. The potential effects on the surviving populations of these fish
species are unknown.

2003 Environmental Water Account Actions

Figure B-27 shows the simulated D-1641 baseline with CVPIA b(2) and EWA
actions for water year 2003, which was the third year of actual EWA
implementation. Fish protection actions were taken in the last week of
December, the third and fourth weeks of January, during VAMP, and the second
half of May to extend VAMP. The reported EWA actions totaled 325 taf for
water year 2003. Relaxation of E/I and “State Gain” credits in March yielded 50
taf, and about 50 taf of EWA water was transferred to Oroville during the
summer.

The simulated SWP export reductions for EWA amounted to 325 taf, with about
75 taf of summer exports of EWA water under the 7,180-cfs limit. The total
simulated reduction in exports was about 5% of the 6,208 taf that was the
simulated D-1641 baseline pumping for 2003. The historical pumping of

6,143 taf was higher (300 taf) than the simulated exports of 5,850 taf with the
EWA and VAMP actions. This difference was caused by two periods of
simulated outflows for X2 at Roe Island in early February and early March that
did not occur in the historical operations. Except for this difference in allowable
pumping associated with the X2 requirement, the DailyOPS model provides a
very close simulation of allowable exports for the historical inflows and
historical monthly SWP and CVP deliveries.

Figure B-28 shows the simulated and historical San Luis Reservoir storage
patterns for 2003. The CVP portion of San Luis Reservoir was filled by late
January, but the SWP portion was not quite filled by the beginning of VAMP.
The bottom graph shows that the simulated exports were very similar to the
historical exports. It can be seen from this graph that there would have been
some opportunity to use a higher SWP pumping capacity in the winter and early
spring of water year 2003. Although fish protection actions were taken in
December and January, higher pumping outside these protections may have
allowed San Luis Reservoir to fill earlier. Higher pumping might also have been
helpful in July and August, although Delta outflow requirements limited
pumping in September.

Figure B-29 shows the SWP and CVP fish salvage densities, along with the
historical pumping and simulated D-1641 and EWA pumping patterns for 2003.
Delta smelt were relatively abundant (more than 20 fish/taf) in late December
and through January (EWA action taken). Chinook salmon densities were high
in mid-January (EWA action taken), and in April and May, but with maximum
densities of only 100 fish/taf. Delta smelt densities at the CVP salvage facilities
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were greater than 100 fish/taf in May. The delta smelt densities at the SWP
salvage facility were approaching 1,000 fish/taf in late May (EWA extended
VAMP). The simulated SWP and CVP export reductions were similar to the
historical accounting of EWA and the CVPIA b(2) actions. The simulated
reductions in fish salvage from the D-1641 baseline pumping to the EWA and
CVPIA b(2) conditions (with VAMP) were about 18% for Chinook salmon, 12%
for steelhead, 6% for splittail, and 56% for delta smelt for 2003. The fact that
these percentage salvage reductions were much higher than the percentage export
reductions (5%) is the result of scheduling the protections to correspond to the
period with the highest salvage densities for Chinook salmon and delta smelt.
The potential effects on the surviving populations of these fish species, however,
are unknown.

Historical Environmental Water Account Actions with
8,500-cfs Pumping Limit

The possible additional pumping that would have occurred with historical
inflows and historical EWA actions for these first three years of actual EWA
implementation were simulated with the DailyOPS model. Figure B-30 shows
that in 2001, the opportunity for increased pumping in December, January, and
March would have allowed San Luis to fill earlier, and reduced pumping in late
March would have been beneficial for the increasing salvage densities of
Chinook salmon and moderate salvage densities of delta smelt. Although the
baseline pumping was often above 6,680 cfs during the December 15-March 15
period of 2001, an increment to the historical EWA in 2001 would have been
required to provide the same EWA pumping protections for 4 weeks of EWA
cuts in December, January, and early March.

Figure B-31 shows that in 2002, the opportunity for increased pumping in
December and January would have allowed San Luis to fill earlier and reduced
pumping in all of March. Although the Chinook salmon and delta smelt densities
were relatively low, reduced pumping in March may have been beneficial for
allowing more delta smelt spawning in the central Delta to escape the influence
of pumping. EWA protection during 2002 was provided for a week in December
and a week in January, with the majority of entrainment protection during VAMP
and the post-VAMP period of late May. Only the EWA actions in December and
January would have required more assets. Some additional pumping with the
8,500-cfs limit would have been allowed in July and August. There was
considerable remaining export capacity in August and September for water
transfers.

Figure B-32 shows that in 2003, the opportunity for increased pumping in
January, February, and March still would not have allowed SWP San Luis to fill
(CVP San Luis filled in February). EWA actions in December and January
would have required more assets with the increased pumping limit. The majority
of EWA actions were taken in VAMP and late May to protect delta smelt and
Chinook salmon. The late-May actions also would have required additional
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EWA assets with the 8,500-cfs pumping limits. Some additional pumping with
the 8,500-cfs limit was allowed in July, August, and September. There was
considerable remaining export capacity in August and September for water
transfers.

The additional EWA assets that may be needed to provide the same EWA
protections under the proposed SWP Banks limit of 8,500 cfs will depend on the
actual sequence of Delta inflows and the periods of EWA protections. For these
first three years of actual EWA actions, the additional EWA assets that would
have been required are estimated to be between 50 taf and 75 taf.

Conclusions from Interactive Environmental Water
Account Gaming Simulations

The interactive EWA gaming model sessions provided a realistic simulation of
baseline D-1641 CVP and SWP Delta operations and allowed potential EWA
actions for fish entrainment protection to be explored and evaluated. The daily
EWA model used information from the latest CALSIM monthly planning model
as well as the historical daily Delta inflows to calculate daily allowable export
pumping subject to the D-1641 (1995 Bay-Delta WQCP) objectives and
operating constraints. The historical CVP and SWP salvage data were used to
illustrate periods of high abundance (salvage density) for Chinook salmon, delta
smelt, splittail, and steelhead. A monthly accounting of EWA actions to protect
fish (e.g., export reductions) and to purchase water to replace the water supply
reductions caused by pumping restrictions followed the assumed EWA budget
and strategy. The results from the EWA gaming were used to formulate the
original EWA program, as described in the 2000 CALFED ROD.

Using the historical SWP Skinner salvage records, the EWA gaming sessions
demonstrated substantial reductions in the calculated salvage of these four fish
species. The annual salvage results from the EWA gaming with both the current
SWP pumping limits (6,680 cfs) and the proposed increase to 8,500-cfs capacity
are given in Tables B-1-B-7. There are large differences from year to year in the
Delta hydrology and the salvage density pattern for each fish. Nevertheless, the
simulated EWA actions were able to reduce the annual salvage of these species
substantially. The amount of water used for EWA actions was generally about
5% to 10% of the annual exports. Some of these reductions were assumed to be
CVPIA b(2) water, and some would be made up with shifted exports in the
weeks following the export reductions. The required water purchase amounts
have not been identified in this summary of the EWA gaming, because the focus
of this appendix was on the likely export changes with EWA actions.

The reductions in calculated fish salvage that would likely be achieved for
special-status species with these carefully timed weeks of simulated CVPIA b(2)
and EWA export restrictions were often more than 20% of the D-1641 baseline
salvage numbers. The simulated baseline salvage values were often less than the
historical salvage numbers, because the D-1641 (1995 WQCP) objectives for X2,
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E/I ratio, and the VAMP period (exports equal to San Joaquin River inflow) have
provided substantial fish entrainment protection compared to the D-1485
objectives. It is not possible, however, to accurately translate these export
entrainment reductions into estimates of the likely effects on the populations of
these fish species. This should be an important next step in the evaluation of
EWA effectiveness.

One of the benefits of the interactive EWA gaming sessions was to provide an
opportunity for the CVP and SWP operations staff and DFG, NOAA Fisheries,
and USFWS technical staff to sit in the same room and view the same projected
graphics showing the upstream and San Luis Reservoir operations, Delta flows,
export pumping, and fish salvage numbers. Viewing daily water conditions and
fish salvage numbers in the same place at the same time was a very realistic
setting for the adaptive management decisions that are the trademark of the
EWA. The water project and fisheries staff became more familiar with the
seasonal as well as the unpredictable nature of the runoff conditions and the fish
abundance patterns in the Delta. The wide range of natural conditions and the
general principles for water management and fish entrainment protection actions
were better understood after the gaming sessions.

The potential effects of the proposed 8,500-cfs SWP pumping limit were
evaluated in EWA gaming sessions that took place during 2001 and 2003. In
comparison with the CALSIM monthly model results, the daily modeling of
allowable exports with adjusted historical inflows and D-1641 objectives and
operating constraints provided a very accurate and realistic picture of the daily
variations in runoff and allowable pumping. The simultaneous display of
historical CVP and SWP fish salvage patterns provided the ability to simulate
weekly EWA actions, with subsequent higher pumping in weeks following the
EWA actions. The net monthly effects of these short-term actions on exports
were reported in the DailyOPS model. This is simply not possible with the
CALSIM monthly model.

The gaming sessions allowed the monthly CALSIM exports to be compared to
more accurate daily pumping values. The CALSIM CVP exports are generally
accurate because the CVP pumping is very steady at capacity in almost all
months. It was generally found that CALSIM monthly SWP pumping was about
10% higher than the daily values during the winter and spring when runoff events
produce considerable inflow (and allowable export) variations. The monthly
SWP averages were more accurate during summer and fall periods when the
daily variations in Delta inflows are relatively small. The CALSIM SWP export
values may be 5% to 10% higher than actual daily values, although the variations
between different years (which is the primary goal of the CALSIM modeling) are
more likely to be reliable.

The daily simulations, using adjusted historical inflows and D-1641 baseline,
demonstrated that opportunities to use the proposed 8,500-cfs SWP pumping
capacity would not likely require the EWA assets to be increased dramatically to
provide the same level of pumping during weeks of EWA protections. The
higher pumping limits would require a larger use of EWA water, but would also
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allow pumping to recover following periods of EWA protection and would allow
San Luis Reservoir to fill earlier in many years (eliminating some of the EWA
debt). The higher pumping during the July—September window would allow
more upstream EWA water, as well as other potential transfers, to be exported
during these peak water supply demand months, without increased fish
entrainment losses.
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Table B-1. Summary of Annual Exports and CVPIA b(2) and EWA Actions with 6,680 cubic feet per second (cfs) and 8,500 cfs

6,680 cfs 8,500 cfs 8,500 cfs 8,500 cfs

Historical ~ Baseline 6,680cfs  6,680cfs 6,680 cfs Baseline 8,500 cfs  8,500cfs 8,500 cfs minus minus
Water Exports Exports B2 Cuts EWA Cuts Total Cuts Exports B2 Cuts EWA Cuts Total Cuts 6,680 cfs 6,680 cfs
Year (taf) (taf) (taf) (taf) (%) (taf) (taf) (taf) (%) Exports  EWA Cuts
1981 4,720 6,066 202 247 7 6,229 202 327 8 162 80
1982 4,619 7,175 398 298 10 7,423 398 263 9 248 -35
1983
1984 3,827 5,660 210 300 9 5,781 210 294 9 121 -6
1985 5,469 5,998 268 197 8 6,186 268 244 8 188 47
1986 5,284 5,931 318 334 11 5,955 317 363 11 25 29
1987 5,041 4,845 68 130 4 5,056 68 194 5 211 63
1988 5,588 3,308 152 173 10 3,390 152 287 13 82 113
1989 5,965 4,507 58 252 7 4,729 58 244 6 222 -8
1990 5,806 3,110 97 88 6 3,142 97 125 7 32 37
1991 3,184 2,760 0 197 7 2,795 0 233 8 36 36
1992 2,907 2,893 0 152 5 2,919 0 175 6 27 22
1993 4,669 6,000 338 401 12 6,148 338 451 13 149 49
1994 3,996 4,856 38 102 3 4,909 38 108 3 53 7
1995
1996
1997 4,962 5,442 202 224 8 5,663 296 191 9 221 -33
1998
1999 4,664 5,252 525 351 17 5,453 525 359 16 201 8
2000 6,137 6,523 332 361 11 6,355 317 365 11 -168 4
2001 4,938 5,392 198 317 10 5,530 198 352 10 138 35

Average 4,810 5,042 200 243 8 5,157 205 269 9 115 26




Table B-2. Summary of Annual Chinook Salmon Salvage for EWA with 6,680 cubic feet per second (cfs) and 8,500 cfs

6,680 cfs 6,680 cfs 6,680 cfs 6,680 cfs 8,500 cfs 8,500 cfs 8,500 cfs 8,500 cfs 8,500 cfs 8,500 cfs

Historical ~ Baseline EWA EWA EWA Baseline EWA EWA EWA Base minus  EWA minus

Water Salvage Salvage Salvage Reduced Reduced Salvage Salvage Reduced Reduced 6,680 cfs 6,680 cfs
Year (Fish) (Fish) (Fish) (Fish) (%) (Fish) (Fish) (Fish) (%) Base EWA
1981 175,909 118,793 87,358 31,435 26 123,638 90,677 32,961 27 4,845 1,526
1982 450,293 674,511 487,924 186,587 28 683,281 503,329 179,952 26 8,770 -6,636
1983

1984 226,281 235,495 161,920 73,575 31 235,126 161,972 73,154 31 -369 -420
1985 344,365 259,044 184,037 75,006 29 264,115 187,149 76,965 29 5,071 1,959
1986 969,224 1,153,811 734,589 419,222 36 1,153,446 738,494 414,952 36 -365 -4,270
1987 397,370 160,762 109,231 51,531 32 163,039 109,386 53,653 33 2,277 2,121
1988 335,266 123,232 117,881 5,351 4 126,897 120,296 6,600 5 3,665 1,249
1989 182,822 101,759 91,079 10,681 10 105,257 95,454 9,802 9 3,497 -878
1990 106,064 32,105 31,275 830 3 32,201 31,207 994 3 96 165
1991 65,586 40,862 37,822 3,039 7 41,608 37,822 3,785 9 746 746
1992 42,767 42,583 36,507 6,076 14 43,612 36,678 6,934 16 1,029 858
1993 14,299 27,373 16,769 10,605 39 28,586 17,115 11,471 40 1,213 866
1994 7,189 7,329 6,560 769 10 7,397 6,600 796 11 67 27
1995

1996

1997 29,959 38,637 23,857 14,781 38 38,667 23,745 14,922 39 30 141
1998

1999 94,348 181,426 51,610 129,816 72 181,457 51,413 130,045 72 31 229
2000 70,451 110,126 56,155 53,970 49 110,251 56,665 53,586 49 126 -384
2001 55,235 98,062 51,886 46,176 47 98,411 52,358 46,054 47 349 -123

Average 209,849 200,348 134,498 65,850 33 202,176 136,492 65,684 32 1,828 -166




Table B-3. Summary of October—March Chinook Salmon Salvage for EWA with 6,680 cubic feet per second (cfs) and 8,500 cfs

6,680cfs 6,680cfs 6,680cfs 6,680cfs 8500cfs 8500cfs  8500cfs 8,500 cfs 8,500 cfs 8,500 cfs
Historical ~ Baseline EWA EWA EWA Baseline EWA EWA EWA Base minus EWA minus

Water Salvage Salvage Salvage Reduced  Reduced Salvage Salvage Reduced Reduced 6,680 cfs 6,680 cfs
Year (Fish) (Fish) (Fish) (Fish) (%) (Fish) (Fish) (Fish) (%) Base EWA
1981 28,713 42,471 38,966 3,505 8 44,445 39,400 5,045 11 1,975 434
1982 116,784 147,412 128,208 19,204 13 149,183 131,848 17,335 12 1,771 3,640
1983
1984 4,444 5,632 4,703 929 16 5,234 4,580 654 12 (398) (123)
1985 65,227 83,967 77,060 6,907 8 89,038 80,036 9,002 10 5,071 2,976
1986 127,380 329,342 249,342 80,000 24 330,064 249,669 80,395 24 722 327
1987 9,908 15,097 11,059 4,037 27 17,255 11,097 6,158 36 2,159 38
1988 64,436 56,013 49,970 6,043 11 59,678 52,386 7,293 12 3,665 2,416
1989 22,161 20,258 14,550 5,708 28 22,191 17,059 5,132 23 1,933 2,509
1990 17,265 10,150 8,635 1,515 15 10,247 8,567 1,680 16 96 (68)
1991 8,237 7,686 4,647 3,039 40 8,097 4,647 3,450 43 411 0
1992 35,687 36,775 30,697 6,077 17 37,804 30,869 6,935 18 1,029 172
1993 4,752 5,404 4,243 1,162 21 5,485 4,177 1,308 24 81 (65)
1994 3,164 3,489 3,428 60 2 3,556 3,469 87 2 67 41
1995
1996
1997 4,292 3,610 3,610 0 0 3,630 3,630 0 0 20 20
1998
1999 8,064 7,287 7,287 0 0 7,294 7,294 0 0 7 7
2000 16,456 12,767 11,183 1,584 12 11,108 10,042 1,066 10 (1,660) (1,141)
2001 12,031 13,032 12,190 842 6 13,382 12,764 618 5 349 573
Average 32,294 47,082 38,811 8,271 18 48,099 39,502 8,598 18 1,018 691




Table B-4. Summary of Annual Delta Smelt Salvage for EWA with 6,680 cubic feet per second (cfs) and 8,500 cfs

6,680cfs  6,680cfs 6,680cfs 6,680cfs 8500cfs 8500cfs  8500cfs 8,500 cfs 8,500 cfs 8,500 cfs

Historical ~ Baseline EWA EWA EWA Baseline EWA EWA EWA Base minus EWA minus
Water Salvage Salvage Salvage Reduced Reduced Salvage Salvage Reduced Reduced 6,680 cfs 6,680 cfs
Year (Fish) (Fish) (Fish) (Fish) (%) (Fish) (Fish) (Fish) (%) Base EWA
1981 163,241 194,775 165,214 29,560 15 198,933 163,890 35,043 18 4,158 (1,325)
1982 22,178 46,630 43,742 2,888 6 48,062 47,348 713 1 1,431 3,606
1983
1984 12,032 10,521 8,459 2,062 20 10,631 8,562 2,069 19 110 103
1985 25,383 18,613 15,065 3,549 19 19,123 15,341 3,782 20 509 276
1986 7,786 11,115 8,525 2,590 23 11,404 8,944 2,460 22 289 419
1987 49,954 15,547 21,090 (5,543) (36) 17,035 22,454 (5,419) (32) 1,488 1,363
1988 148,124 40,539 32,833 7,706 19 41,788 32,243 9,545 23 1,249 (590)
1989 25,256 15,996 14,918 1,078 7 16,935 15,737 1,198 7 939 819
1990 93,897 17,703 22,584 (4,881) (28) 17,733 22,581 (4,848) (27) 30 (3)
1991 37,477 28,687 33,134 (4,447) (16) 28,841 33,139 (4,298) (15) 154 5
1992 9,384 4,189 3,978 212 5 4,334 3,982 352 8 145 4
1993 51,412 113,328 66,298 47,030 41 120,749 69,359 51,390 43 7,421 3,060
1994 46,914 82,548 78,127 4,421 5 82,544 78,127 4,417 5 4) 0
1995
1996
1997 55,051 73,578 22,124 51,454 70 73,623 21,561 52,062 71 46 (562)
1998
1999 338,627 693,528 200,793 492,735 71 699,025 132,846 566,179 81 5,496 (67,947)
2000 123,555 76,455 27,209 49,245 64 179,459 63,458 116,001 65 103,004 36,249
2001 37,424 63,203 16,952 46,251 73 149,885 40,889 108,997 73 86,682 23,937
Average 73,394 88,644 45,944 42,701 48 101,183 45,909 55,273 55 12,538 (34)




Table B-5. Summary of October—March Delta Smelt Salvage for EWA with 6,680 cubic feet per second (cfs) and 8,500 cfs

6,680 cfs 6,680 cfs 6,680 cfs 6,680 cfs 8,500 cfs 8,500 cfs 8,500 cfs 8,500 cfs 8,500 cfs 8,500 cfs

Historical ~ Baseline EWA EWA EWA Baseline EWA EWA EWA Base minus EWA minus
Water Salvage Salvage Salvage Reduced Reduced Salvage Salvage Reduced Reduced 6,680 cfs 6,680 cfs
Year (Fish) (Fish) (Fish) (Fish) (%) (Fish) (Fish) (Fish) (%) Base EWA
1981 52,830 89,376 74,856 14,520 16 92,741 72,114 20,627 22 3,366 (2,742)
1982 15,711 32,826 29,863 2,963 9 31,180 30,658 522 2 (1,645) 795
1983
1984 102 147 148 0) 0) 150 150 0) -0 2 2
1985 2,650 4,051 3,618 433 11 4,514 3,845 669 15 463 227
1986 5,935 9,477 7,326 2,151 23 9,852 7,629 2,223 23 375 303
1987 2,068 4,259 4,539 (280) 7) 4,371 4,559 (187) -4 113 20
1988 19,271 16,058 7,561 8,497 53 17,305 6,971 10,334 60 1,247 (590)
1989 3,696 3,031 2,487 544 18 3,092 2,498 594 19 60 11
1990 2,794 724 658 66 9 754 655 99 13 29 (3)
1991 3,417 2,136 1,601 535 25 2,196 1,601 595 27 60 0
1992 2,659 2,104 1,395 709 34 2,249 1,400 849 38 145 4
1993 6,847 7,001 4,513 2,488 36 7,034 4,475 2,559 36 33 (37)
1994 466 855 868 (13) ) 911 920 (10) -1 56 53
1995
1996
1997 500 468 468 0 0 471 471 0 0 2 2
1998
1999 691 630 630 0 0 629 629 0 0 (0) (0)
2000 11,740 4,061 3,698 364 9 7,412 7,373 39 1 3,351 3,675
2001 6,854 3,542 2,790 752 21 9,010 7,254 1,757 19 5,469 4,464

Average 8,131 10,632 8,648 1,984 19 11,404 9,012 2,392 21 772 364




Table B-6. Summary of Annual Splittail Salvage for EWA with 6,680 cubic feet per second (cfs) and 8,500 cfs

6,680cfs 6,680cfs 6,680cfs 6,680cfs 8500cfs 8500cfs  8500cfs 8,500 cfs 8,500 cfs 8,500 cfs
Historical Baseline EWA EWA EWA Baseline EWA EWA EWA Base minus EWA minus

Water Salvage Salvage Salvage Reduced Reduced Salvage Salvage Reduced Reduced 6,680 cfs 6,680 cfs
Year (Fish) (Fish) (Fish) (Fish) (%) (Fish) (Fish) (Fish) (%) Base EWA
1981 25,074 29,086 22,216 6,870 24 29,607 20,723 8,884 30 521 (1,493)
1982 347,524 569,183 501,390 67,792 12 593,296 538,569 54,727 9 24,114 37,179
1983
1984 126,352 146,257 136,525 9,732 7 149,640 139,958 9,682 6 3,383 3,433
1985 78,241 81,177 67,436 13,742 17 81,616 68,564 13,051 16 438 1,129
1986 2,375,154 2,664,364 1,716,738 947,626 36 2,664,592 1,717,629 946,963 36 228 891
1987 275,947 79,392 125,935 (46,543) (59) 80,252 126,470 (46,218) -58 860 536
1988 118,825 65,888 58,031 7,857 12 69,613 56,860 12,754 18 3,725 (1,171)
1989 82,133 62,819 60,515 2,305 4 65,069 65,042 27 0 2,250 4,528
1990 27,386 9,741 8,881 861 9 9,760 8,894 866 9 19 14
1991 44,101 27,438 27,345 93 0 27,826 27,345 481 2 388 0
1992 8,448 7,633 5,842 1,791 23 7,961 5,876 2,085 26 327 34
1993 100,990 177,895 112,363 65,531 37 174,062 113,552 60,509 35 (3,833) 1,189
1994 932 1,124 1,146 (23) ) 1,140 1,165 (25) -2 16 18
1995
1996
1997 29,182 33,210 30,462 2,749 8 33,548 30,083 3,465 10 338 (379)
1998
1999 27,746 31,040 28,664 2,376 8 33,200 30,449 2,751 8 2,161 1,786
2000 104,554 110,628 65,535 45,093 41 110,962 66,088 44,874 40 334 553
2001 17,837 15,729 14,921 808 5 15,731 15,309 422 3 2 389
Average 222,966 241,918 175,526 66,392 27 243,993 178,387 65,606 27 2,075 2,861




Table B-7. Summary of Annual Steelhead Salvage for EWA with 6,680 cubic feet per second (cfs) and 8,500 cfs

6,680 cfs 6,680 cfs 6,680 cfs 6,680 cfs 8,500 cfs 8,500 cfs 8,500 cfs 8,500 cfs 8,500 cfs 8,500 cfs

Historical Baseline EWA EWA EWA Baseline EWA EWA EWA Base minus EWA minus
Water Salvage Salvage Salvage Reduced Reduced Salvage Salvage Reduced Reduced 6,680 cfs 6,680 cfs
Year (Fish) (Fish) (Fish) (Fish) (%) (Fish) (Fish) (Fish) (%) Base EWA
1981 16,682 23,655 20,668 2,987 13 25,569 21,811 3,758 15 1,914 1,143
1982 30,885 39,428 35,638 3,790 10 39,761 34,732 5,029 13 334 (906)
1983
1984 883 713 345 368 52 720 352 368 51 7 7
1985 6,632 3,687 2,793 894 24 3,691 2,797 894 24 4 4
1986 4,060 3,053 1,775 1,278 42 3,053 1,775 1,278 42 0 0
1987 13,187 15,128 11,358 3,770 25 17,125 11,369 5,757 34 1,997 10
1988 11,723 3,878 3,834 44 1 3,898 3,827 71 2 20 (7
1989 13,104 11,582 8,817 2,766 24 12,811 10,949 1,861 15 1,228 2,133
1990 7,881 2,824 2,194 630 22 2,824 2,194 630 22 0 0
1991 14,395 13,348 9,434 3,914 29 13,978 9,434 4,544 33 630 0
1992 17,209 16,540 12,007 4,533 27 17,429 12,119 5,309 30 889 112
1993 20,213 25,443 22,477 2,966 12 25,948 21,825 4,122 16 504 (652)
1994 966 1,573 1,491 82 5 1,618 1,538 79 5 45 47
1995
1996
1997 612 729 587 141 19 724 583 141 20 5) (5)
1998
1999 2,170 3,385 1,569 1,816 54 3,398 1,582 1,816 53 12 13
2000 9,765 8,328 7,180 1,147 14 7,450 6,648 802 11 (878) (533)
2001 12,572 14,331 11,802 2,529 18 15,258 12,234 3,024 20 927 432

Average 10,761 11,037 9,057 1,980 18 11,486 9,163 2,323 20 449 106
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02053.02 101

Delta Export Limits
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Annual SWP Exports with 6,680 cfs
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Annual Chinook Salmon Salvage with 6,680 cfs
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Figure B-9. Annual Chinook Salmon Salvage with Baseline Pumping Compared with EWA Gaming
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Figure B-10. Salvage of October—March Chinook Salmon Salvage for Baseline Pumping Compared
with EWA Results for 6,680—cubic feet per second (cfs) SWP Banks Pumping Capacity
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Annual Delta Smelt Salvage with 6,680 cfs
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Figure B-11. Annual Salvage of Delta Smelt for Baseline Pumping Compared with EWA Results for
6,680—cubic feet per second (cfs) SWP Banks Pumping Capacity
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Figure B-12. Salvage of October—March Delta Smelt Salvage for Baseline Pumping Compared with
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Annual Splittail Salvage with 6,680 cfs
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Figure B-13. Comparison of Annual Splittail Salvage for SWP Banks Capacity of 6,680 cubic feet
per second (cfs)
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Delta Export Limits
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Simulated Delta Exports and Outflow
for EWA Gaming of 1997 with SWP Capacity
of 6,680 cubic feet per second (cfs)
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Comparison of Simulated and Historical
San Luis Reservoir and Delta Exports for 1997
with 6,680—cubic feet per second (cfs) SWP Pumping Capacity
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Simulated SWP and CVP Exports

Compared with Salvage Density for 1997 with
6,680-cubic foot per second (cfs) SWP Capacity
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Simulated Delta Exports and Outflow
for EWA Gaming of 2000 with SWP Capacity
of 6,680 cubic feet per second (cfs)
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Comparison of Simulated and Historical
San Luis Reservoir and Delta Exports for 2000 with
6,680-cubic feet per second (cfs) SWP Pumping Capacity
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Simulated SWP and CVP Exports
Compared with Salvage Density for 2000 with
6,680-cubic feet per second (cfs) SWP Capacity
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Figure B-21

Simulated Delta Exports and Outflow for D-1641 Baseline
and with Actual EWA Actions in Water Year 2001
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Simulated San Luis Reservoir Storage with
Comparison of Simulated and Historical Exports for
D-1641 Baseline and Actual EWA Actions in Water Year 2000
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Measured SWP and CVP Fish Salvage Density
with Historical and Simulated D-1641 and
EWA Exports for Water Year 2001
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Simulated Delta Exports and Outflow
for D-1641 Baseline and with
Actual EWA Actions in Water Year 2002
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Comparison of Simulated and
Historical San Luis Reservoir Storage and Delta Exports
with D-1641 Baseline and Actual EWA Actions for 2002
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Measured SWP and CVP Fish Salvage Density
with Historical and Simulated D-1641 and
EWA Exports for Water Year 2002
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Simulated Delta Exports and Outflow for D-1641 Baseline
and with Actual EWA Actions in Water Year 2003



02053.02 101

2,500

2,000

1,500

1,000

Storage (taf)

500

San Luis Reservoir Storage
EWA Historical

0
10/01 11/01  12/02 01/02

02/02  03/05 04/05 05/06 06/06 07/07 08/07 09/07
2003

W Total Gaming O CVP Gaming V¥V Total Baseline ¥ CVP Baseline [ Total Historical === CVP Historical

Delta Export Limits
EWA Historical

20 A
A © A A A
(& Aa A ,
- A A L
2 AQ A O A
o 15 @) A A 'y :
8 A A ©, & AA‘
:': W H
> o1 g Fa—— s - AW LY R - <O
o
[
2
= 5 [ I N N | ¥ S W
[a]
0
10/01 11/01 12/02  01/02 02/02 03/05 04/05 05/06 06/06 07/07 08/07  09/07
2003
= Allowed Export 5,853 taf A Outflow Limits -~ Modeled CVP == CVP Historical 2,685 taf
< Capacity, Fish Limits O taf === Historical 6,143 taf O E/l Limits V San Luis Limits
ey .
91€ Jones & Stokes Figure B-28

Comparison of Simulated and Historical
San Luis Reservoir Storage and Delta Exports with

D-1641 Baseline and Actual EWA Actions for Water Year 2003
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Measured SWP and CVP Fish Salvage Density
with Historical and Simulated D-1641 and
EWA Exports for Water Year 2003
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Gate Construction Assumptions






Table C-1. Head of Old River Gate

Appendix C

Gate Construction Assumptions

Duration
Construction Activity (days)

Crew
Size

Equipment

Truck Trips

Material

Quantity (cy)

Duration

Trips per day

Clear and grub brush, trash, etc. 5

[EE

Construct temporary and permanent 30
access roads, staging areas and spoil
ponds

Channel excavation for control 15
structure/boat lock

Drive sheetpiles, H-piles and pipe piles 60

RPN R WR PR R PR RROR PR,

[N

Grader

Dump Truck
Dozer

Dozer

Backhoe
Bottom-Dumps
Water Truck
Roller

Grader

Scraper

Brush

A_g_gregate Base
Backfill

Clamshell Dredge * Excavated Material

Barge Crane
Excavator

Dump Trucks (3)
Loader

Tugboat

Barge Crane

Pile Driver
Supply Barge
Tugboat

Truck Crane

741

5at 5 miles RT

800
1,200

5 at 30 miles RT
10 at 30 miles RT

4,700

7 at 30 miles RT

Piles

30

5 at 30 miles RT

South Delta Improvements Program
Appendices to the Draft Environmental Impact Statement/
Environmental Impact Report

October 2005

J&S 02053.02



U.S. Department of the Interior, Bureau of Reclamation,

and the California Department of Water Resources

Gate Construction Assumptions

Duration ~ Crew Truck Trips
Construction Activity (days) Size  Equipment Material Quantity (cy) Duration Trips per day
Place riprap on channel invert 5 40 Dump Trucks Rock 4,945 15 50 at 100 miles RT
1 Loader
1 Excavator
Float-in and install control gate structures 45 1 Barge Crane
3 Tugboat
1 Supply Barge
1 Batch Plant Concrete 224 45 3 at 30 miles RT
1 Concrete Pump
Truck Crane
Construct control building/boat lock 120 12 Concrete Pump Concrete 50 3 2 at 50 miles RT
operator building Truck Crane Backfill 650 20 10 at 30 miles RT
Water Truck Masonry 30
Roller
Backhoe
Dump Truck
Construct fish passageway 45 Concrete Pump Concrete 100 5 3 at 50 miles RT
Concrete Trucks
Large Truck
Install log boom, floating docks, warning 30 Truck Crane
signs Barge Crane
Large Truck
Install control systems, utilities and 90 10 Large Truck Miscellaneous 60 2 at 50 miles RT
microwave tower Truck Crane
Remove temporary rock barrier 10 3 Excavator Spoil 300 10 2 at 5 miles RT
Dozer
Dump Truck
Testing and final construction 60 1 Grader
grading/cleanup 4 Truck Crane
RT = Round trip
South Delta Improvements Program October 2005

Appendices to the Draft Environmental Impact Statement/

Environmental Impact Report

C-2
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U.S. Department of the Interior, Bureau of Reclamation,
and the California Department of Water Resources

Table C-2. Middle River Gate

Gate Construction Assumptions

Duration
Construction Activity (days)

Crew
Size

Equipment

Truck Trips

Material

Quantity (cy)

Duration

Trips per day

Clear and grub brush, trash, etc. 5

[N

Grader
Dump Truck
Dozer

Brush

741

5 at 5 miles RT

Construct temporary and permanent 30
access roads, staging areas and spoil
ponds

Dozer

Backhoe
Bottom-Dumps
Water Truck
Roller

Grader

Scraper

Aggregate Base
Backfill

2,963
1,315

10

5 at 30 miles RT
10 at 30 miles RT

Channel excavation for control structure 15

Clamshell Dredge
Barge Crane
Excavator

Dump Trucks (3)
Loader

Tugboat

Excavated Material

5,325

15

30 at 5 miles RT

Drive sheetpiles, H-piles and pipe piles 60

N T T 2 I S e e e N N A e

Barge Crane
Pile Driver
Supply Barge
Tugboat
Truck Crane

Piles

30

5 at 30 miles RT

Place riprap on channel invert 5

40

Dump Trucks
Loader
Excavator

Rock

7,624

15

50 at 100 miles RT

South Delta Improvements Program
Appendices to the Draft Environmental Impact Statement/
Environmental Impact Report
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U.S. Department of the Interior, Bureau of Reclamation,

and the California Department of Water Resources

Gate Construction Assumptions

Construction Activity

Duration
(days)

Crew
Size

Equipment

Truck Trips

Material

Quantity (cy)

Duration

Trips per day

Float-in and install control gate structures

45

1

[ N

Barge Crane
Tugboat
Supply Barge
Batch Plant

Concrete Pump

Truck Crane

Concrete

129

10

3 at 30 miles RT

Construct control building

120

Concrete Pump

Truck Crane
Water Truck
Roller
Backhoe
Dump Truck

Concrete
Backfill

300
750

20
20

2 at 50 miles RT

Construct boat ramp

30

Dozer
Grader
Dump Truck
Truck Crane
Excavator

Backfill
Riprap

1,315
330

10

10 at 30 miles RT
2 at 100 miles RT

Install log boom, floating docks, warning
signs

30

Truck Crane
Barge Crane
Large Truck

Install control systems, utilities and
microwave tower

90

10

Large Truck
Truck Crane

Miscellaneous

60

2 at 50 miles RT

Remove temporary rock barrier

10

Excavator
Dozer
Dump Truck

Spoil

300

10

2 at 5 miles RT

Testing and final construction
grading/cleanup

RT = Round trip

60

Grader
Truck Crane

South Delta Improvements Program

Appendices to the Draft Environmental Impact Statement/

Environmental Impact Report

c-4

October 2005

J&S 02053.02



U.S. Department of the Interior, Bureau of Reclamation,
and the California Department of Water Resources

Table C-3. Grant Line Canal Gate

Gate Construction Assumptions

Duration
Construction Activity (days)

Crew
Size

Equipment

Truck Trips

Material

Quantity (cy)

Duration

Trips per day

Clear and grub brush, trash, etc. 5

-

Grader
Dump Truck
Dozer

Brush

2,368

15 at 5 miles RT

Construct temporary and permanent 30
access roads, staging areas and spoil
ponds

Dozer

Backhoe
Bottom-Dumps
Water Truck
Roller

Grader

Scraper

Aggregate Base
Backfill

6,299
1,200

15 at 30 miles RT
10 at 30 miles RT

Channel excavation for control 15
structure/boat lock

Clamshell Dredge
Barge Crane
Excavator

Dump Trucks (3)
Loader

Tugboat

Excavated Material

632

15

2 at 5 miles RT

Drive sheetpiles, H-piles and pipe piles 60

RPN R WR P RPRP R PR RP R

N -

Barge Crane
Pile Driver
Supply Barge
Tugboat
Truck Crane

Piles

30

5 at 30 miles RT

Place riprap on channel invert 5

40

Dump Trucks
Loader
Excavator

Rock

4,620

15

50 at 100 miles RT
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U.S. Department of the Interior, Bureau of Reclamation,
and the California Department of Water Resources

Gate Construction Assumptions

Duration ~ Crew Truck Trips
Construction Activity (days) Size  Equipment Material Quantity (cy) Duration Trips per day
Float-in and install control gate structures 45 1 Barge Crane
3 Tugboat
1 Supply Barge
1 Batch Plant Concrete 289 20 3 at 30 miles RT
1 Concrete Pump
Truck Crane
Construct control building/ boat lock 120 12 Concrete Pump Concrete 300 20 2 at 50 miles RT
operator building Truck Crane Backfill 1,175 20
Water Truck
Roller
Backhoe
Dump Truck
Install log boom, floating docks, warning 30 Truck Crane
signs Barge Crane
Large Truck
Install control systems, utilities and 90 10 Large Truck Miscellaneous 60 2 at 50 miles RT
microwave tower Truck Crane
Remove temporary rock barrier 10 3 Excavator Spoil 300 10 2 at 15 miles RT
Dozer
Dump Truck
Testing and final construction 60 1 Grader
grading/cleanup 4 Truck Crane

RT = Round trip
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U.S. Department of the Interior, Bureau of Reclamation,
and the California Department of Water Resources

Table C-4. Old River at Delta-Mendota Canal Gate

Gate Construction Assumptions

Construction Activity

Duration
(days)

Crew
Size

Equipment

Truck Trips

Quantity
Material (cy)

Duration

Trips per day

Clear and grub brush, trash, etc...

5

AN

Grader
Dump Truck
Dozer

Brush 741

5at 5 miles RT

Construct temporary and permanent access roads,
staging areas and spoil ponds

30

Dozer

Backhoe
Bottom-Dumps
Water Truck
Roller

Grader

Scraper

Aggregate Base 5,926
Backfill 1,315

15

10 at 30 miles RT
10 at 30 miles RT

Channel excavation for control structure/boat lock

15

e e S T T = S =

Clamshell Dredge

Barge Crane
Excavator

Dump Trucks (3)
Loader

Tugboat

Excavated 5,325
Material

15

30 at 5 miles RT

Drive sheetpiles, H-piles and pipe piles

60

RN P W R e

N -

Barge Crane
Pile Driver
Supply Barge
Tugboat
Truck Crane

Piles

30

5 at 30 miles RT

Place riprap on channel invert

40

Dump Trucks
Loader
Excavator

Rock 7,624

15

50 at 100 miles RT
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U.S. Department of the Interior, Bureau of Reclamation,

and the California Department of Water Resources

Gate Construction Assumptions

Construction Activity

Duration
(days)

Crew
Size

Equipment

Truck Trips

Material

Quantity

(cy) Duration Trips per day

Float-in and install control gate structures

45

1

3
1
1
1

Barge Crane
Tugboat
Supply Barge
Batch Plant

Concrete Pump

Truck Crane

Concrete

146 10 3 at 30 miles RT

Construct control building/boat lock operator
building

120

12

Concrete Pump

Truck Crane
Water Truck
Roller
Backhoe
Dump Truck

Concrete
Backfill

300 20 2 at 50 miles RT

1,175 20

Construct boat ramp

30

Dozer
Grader
Dump Truck
Truck Crane
Excavator

Backfill
Riprap

10 at 30 miles RT
2 at 100 miles RT

1,315 10
330 2

Install log boom, floating docks, warning signs

30

Truck Crane
Barge Crane
Large Truck

Install control systems, utilities and microwave
tower

90

10

Large Truck
Truck Crane

Miscellaneous

60 2 at 50 miles RT

Remove temporary rock barrier

10

Excavator
Dozer
Dump Truck

Spoil

300 10 2 at 5 miles RT

Testing and final construction grading/cleanup

RT= round trip

60

Grader
Truck Crane
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Acronyms and Abbreviations

ADCPS acoustic-Doppler current profiling system

AVMs acoustic velocity meters

BLTM USGS branch Lagrangian transport model

CCC Contra Costa Canal

CCF Clifton Court Forebay

CCwWD Contra Costa Water District

CDEC California Data Exchange Center

cfs cubic feet per second

Corps U.S. Army Corps of Engineers

CSDP Cross Section Development Program

CVP Tracy central Valley Project Tracy Pumping Plant

D-1485 State Water Resources Control Board Decision 1485
DAT data analysis team

DCC Delta Cross Channel

DICU Delta Island Consumptive Use

DMC Delta-Mendota Canal

DO dissolved oxygen

DOC dissolved organic carbon

DWR California Department of Water Resources

EIS/EIR environmental impact statement/environmental impact report
EPA U.S. Environmental Protection Agency

FDM Fischer Delta Model

FOURPT USGS four-point flow model

GORT gate operations review team

GPS global positioning system

HEC-DSS Corps’ Hydrologic Engineering Center data storage system
IEP Interagency Ecological Program

KHz kilohertz

MHz megahertz

uS/cm microSiemens per centimeter

MLLW mean-low-low-water

MSSCG Montezuma Slough salinity control gates

ORE Ocean Research Equipment

PTM particle-tracking model

PWT Project Work Team

Reclamation U.S. Department of the Interior, Bureau of Reclamation
RMA Resource Management Associates

State Water Board State Water Resources Control Board

SWP Banks State Water Project Harvey O. Banks Pumping Plant
THM trihalomethane

USGS U.S. Geological Survey

UVM ultrasonic velocity meter

VAMP Vernalis Adaptive Management Plan

WQCP water quality control plan
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Appendix D

DSM2 Delta Tidal Hydraulic and
Water Quality Modeling Methods and Results

This appendix presents an overview of the development and application of the
Delta Simulation Model Version 2 (DSM2) that was used for evaluation of tidal
hydraulic and water quality impacts from the South Delta Improvements Program
(SDIP) baseline conditions and alternatives. The major sections describe the
Sacramento—San Joaquin River Delta (Delta) modeling history, the modeling
techniques for tidal hydraulics and water quality, the validation of the tidal
hydraulics and salinity (measured as electrical conductivity [EC]) patterns, the
inputs and assumptions for the SDIP simulations, the general tidal hydraulic and
salinity results for the Delta, and the specific results for south Delta channels
where effects from the increased State Water Project (SWP) Harvey O. Banks
facility (SWP Banks) pumping and effects from the tidal gates are most likely to
occur.

This report comprises four major sections:

m  “Modeling History, Methods, and Validation” describes the development of
DSM2 and its application in tidal hydraulic and salinity modeling, how the
model works (methods), and the accuracy of the model in comparison to
measured tidal hydraulic stage, flow and salinity conditions.

m  “Tidal Hydraulics” explains how tides work in the Delta, describes the
simulated tidal hydraulics at selected sites throughout the Delta, provides
detailed simulated tidal hydraulics of the south Delta channels, and identifies
the tidal effects of Central Valley Project (CVVP) Tracy Pumping Plant
(Tracy) and SWP Banks pumping as well as of the Vernalis Adaptive
Management Plan.

m “Water Quality” describes the development, validation, and results of the
QUAL module for simulating salinity (EC) and dissolved organic carbon
(DOC) conditions.
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Modeling History, Methods, and Validation

History of Delta Tidal and Salinity Measurements
and Modeling

The California Department of Water Resources (DWR) and the U.S. Department
of the Interior, Bureau of Reclamation (Reclamation) have been actively
involved in Delta tidal stage and salinity measurements for more than 50 years
and have conducted tidal hydraulic and salinity modeling for more than 30 years.
Successful and reliable Delta tidal hydraulic and salinity modeling depends on a
number of important components, which are briefly introduced and discussed
below. The major ingredients for successful tidal hydraulic and salinity
modeling are:

m accurate hydrology data to specify the river inflows, agricultural diversions
and drainage flows, export pumping diversions, and resulting Delta outflow;

m  accurate channel geometry, including the surface area, channel depths, and
intertidal volumes;

m accurate tidal stage and flow records for specifying the downstream tidal
boundary conditions and for calibrating the tidal stage variations and the tidal
flows that move into and out of the Delta channels in response to the
downstream tidal variations;

m  accurate tidal salinity (EC) measurements for specifying the downstream
tidal salinity conditions and for calibrating the tidal salinity variations and
(indirectly) the tidal flows that move the salinity gradients in and out of the
western Delta;

m reasonable approximations of the equations that describe the movement of
water and salt as a function of the geometry, water surface slope, bottom
friction forces and velocity (i.e., momentum) gradients in the channel
network that can be solved numerically on a computer and displayed as
informative graphics (i.e., a “model™); and

m creative and innovative users who understand the basic issues and questions
that are being addressed with the application of these Delta tidal hydraulic
and salinity models and who are able to illustrate and describe the results
from the models.

The history of DWR and Reclamation efforts to improve and innovate in each of
these areas to support more accurate and reliable Delta tidal hydraulic and
salinity modeling will be briefly outlined. The information for reviewing these
efforts comes from the annual reports that were required by the State Water
Resources Control Board (State Water Board) in Order 9 of Decision 1485
(D-1485), which requested DWR and Reclamation to undertake an effort to
establish improved methods for estimating Delta tidal flows and Delta salinity
conditions (subsequently called “Methodology Progress Reports™). These studies
of improved Delta flow and salinity methods were requested by State Water
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Board to support the Rio Vista and Delta outflow objectives and the salinity (EC)
objectives established for the Delta in D-1485.

DWR issued the first progress report in January of 1979 (25 years ago). These
annual progress reports provide an excellent summary of DWR Delta flow and
salinity modeling efforts and continue to be the best documentation of these
modeling and measurement efforts. The complete annual reports from 1998
(19™ annual) to 2004 (25™ annual) as well as selected earlier sections are
available on the DWR Modeling Website at:

http://baydeltaoffice.water.ca.gov/modeling/deltamodeling/annualreports.cfm.

Delta Hydrology Data

DWR developed the DAYFLOW data program to organize and standardize the
daily hydrology data that were required to understand and evaluate historical
Delta conditions. To provide an estimate of net Delta outflow, DWR Central
District compiles the basic river inflows (for the Sacramento, San Joaquin,
Cosumnes, Calaveras, and Mokelumne Rivers and Yolo Bypass, estimates of
daily net channel depletions using rainfall and evaporation measurements) and
Delta export data (from the CVP [Central Valley Project] Tracy facility [Tracy],
Contra Costa Water District [CCWD], SWP Banks facility, and North Delta).
DAYFLOW files are now available from water year 1955 to present at the
California Data Exchange Center (CDEC) website at:

http://www.cdec.water.ca.gov/.

Less accurate estimates (because of fewer flow records) are available beginning
with water year 1929.

Delta Channel Geometry Measurements

DWR, Reclamation, the U.S. Geological Survey (USGS), and the U.S. Army
Corps of Engineers (Corps) have collected many channel cross sections and
channel sounding surveys throughout the Delta channels. A great deal of effort is
required to organize and summarize these data for Delta channel descriptions in
Delta models. The current version of the geometry data is located in a program
database called Cross Section Development Program (CSDP). With the advent
of global positioning system (GPS) boat survey methods, many Delta channels
with outdated cross sections have been resurveyed. The most accurate channel
geometry data are now updated and available through the CSDP database of the
DSM2 system. DSM2 and the CSDP are both using the common datum of sea
level (National Geodetic Vertical Datum 1929). The use of this datum is an
improvement because previous models have used mean-low-low-water (MLLW),
which varies by station throughout the Bay and Delta.
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Tidal Stage and Velocity Measurements

Tidal stage measurements have been collected by USGS, DWR, and Reclamation
for many years. Recent instrumentation improvements have allowed many of
these stations to electronically record 15-minute stage elevations. Several of
these stations are now available on a real-time basis through the CDEC.

A joint investigation was started in 1978 by the USGS, DWR, Reclamation, State
Water Board and the Corps to determine the most appropriate method for direct
measurements of Delta outflow. Acoustic velocity meters (AVMs) (24-
megahertz [MHz] and 100-kilohertz [KHZz] versions) manufactured by Ocean
Research Equipment (ORE) were installed for testing at Chipps Island in August
1978. The major challenge was to obtain a reliable signal across the 4,000-foot-
wide channel. Based on this initial testing, a 30-MHz AVM device was
constructed by ORE for Chipps Island and tested in 1979. Analysis of the
resulting data suggested that the signal strength across the entire channel was not
great enough. Breaking the beam into three segments with two pilings in the
middle of the channel was recommended but found to be infeasible because of
navigation hazards. This program was discontinued in 1980. An AVM device
has still not yet been installed at Chipps Island because of the technical
challenges at this station.

The first progress report (1979) indicated that an ultrasonic (i.e., acoustic)
velocity meter (UVM) station was being installed at Freeport by the USGS for
Sacramento County to regulate its regional wastewater treatment plant discharge
(no discharge allowed when tidal flow was less than a specified value). This
UVM began operating in October 1979 and was the first continuous tidal flow
meter installed the Delta.

The USGS has successfully operated UVM stations at several other locations in
the Delta. A summary of this important program of tidal flow measurements in
the Delta can be found in a USGS report (Simpson and Oltmann 1993) and a web
poster presentation (Oltmann and Simpson 1997). UVM stations were
established in January 1987 on Old River at Bacon Island (just downstream of
Rock Slough) and on Middle River at Bacon Island (southeast corner). These
two stations measure the entire flow entering the south Delta channels (except for
the Head of Old River diversions from the San Joaquin River). The next UVM
stations began operating upstream of the Delta Cross Channel (DCC) and
downstream of Georgiana Slough in January 1993. These stations allow the
combined diversions into the DCC and Georgiana Slough to be calculated by
difference. These stations also allow the diversions into Steamboat and Sutter
Sloughs to be estimated by difference with the Freeport UVM station.

Four additional UVM stations (installed at Rio Vista [April 1995], Threemile
Slough [February 1994], Jersey Point [May 1994], and Dutch Slough [February
1996]) allow the Delta outflow to be calculated by combination. Another UVM
station was established on the San Joaquin River at the discharge of the Stockton
Regional Wastewater Control Facility in August 1995. The Head of Old River
diversions can be estimated by difference with the San Joaquin River at the
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Vernalis flow measurement station. Figure D-1 shows the location of these
USGS UVM stations. A 15-minute-interval UVM tidal flow record is computed
by multiplying channel cross-sectional area by average channel cross-sectional
velocity. Water-surface elevation is measured at the UVM station and converted
to channel cross-sectional area by a relation defined from channel geometry
surveys. Average channel cross-sectional velocities are determined from
acoustic-Doppler current profiling system (ADCPS) measurements and are used
to define a UVM index-velocity and average channel cross-sectional velocity
relation. Figures D-2 and D-3 illustrate these velocity measurement techniques.
The ADCPS measurements provide the rating curve for the UVM velocity
station, just like periodic channel velocity profiles are needed for a stage-
discharge rating curve at a river flow measurement station. An example of the
resulting tidal flow record for the San Joaquin River at Jersey Point is shown in
Figure D-4.

A UVM station transmits acoustic pulses back and forth across a channel and
precisely measures the travel time of each pulse. The difference in travel time
between a pair of back and forth pulses provides an average velocity (Vp) across
the channel at the depth of the transducers. The measured velocity (Vp) is not an
average cross-sectional velocity and is referred to as an index velocity (Vi), which
is used when processing the data to determine an average cross-sectional
velocity. An ADCPS-based boat-mounted flow measuring system is used to
make fast and accurate flow measurements of a channel for use in calibrating a
UVM. Velocity and depth are measured, and the flow is computed as the
ADCPS traverses the channel. Flow measurements of 600-foot-wide channels
can be made in 2-3 minutes with an accuracy of 2% (Simpson and Oltmann
1993), using only a two-man crew.

Figure D-5 shows an example of the UVM stage and flow records for mid-May—
October 1994 for the Jersey Point station. The daily range of stage is about 3 feet
during neap tide and about 4 feet during spring tide. The tidally averaged water
surface elevation fluctuates with spring tides (higher) and neap tides (lower), as
well as other factors. The maximum tidal flow is more than 100,000 cubic feet
per second (cfs) and can be as high as 150,000 cfs on some days. The tidally
averaged (net) daily flows ranged from —2,000 cfs to about 8,000 cfs during this
period from mid-May to October 1994. These data illustrate the highly dynamic
nature of tidal flows in the Delta and demonstrate the remarkable technology that
allows direct tidal flow measurements to be made in several Delta channels.

Delta outflow can now be indirectly measured as the sum of four of the UVM
stations (Rio Vista, Threemile Slough, Jersey Point, and Dutch Slough) (Oltmann
1998). The tidal flow measurements indicate more variation caused by the
spring-neap tidal cycle, as well as by atmospheric presure fluctuations and
variations in the consumptive use (i.e., diversions and drainage flows) in the
Delta. The mass-balance approach (i.e., DAYFLOW estimates) are similar
during higher flow conditions, but the tidal flow measurements are perhaps more
accurate during lower flows. Figure D-6 illustrates the Delta outflow
measurements and mass-balance estimates for 1996.
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The USGS tidal stage, velocity, and flow measurements from these continuous
UVM stations and several short-term stations are now available from the USGS
Bay Delta website at:

http://baydelta.wr.usgs.gov/database.html.

Delta Salinity Measurements

DWR and Reclamation measurements of tidal salinity had already begun during
the 1960s using electronic instruments to measure Delta salinity (as EC) to
support the ongoing water management operations of the CVP Tracy and planned
SWP Banks facilities in the Delta. The Interagency Ecological Program (IEP)
was established in 1970 as a joint investigation program for Delta water and fish
management agencies. Many of the Delta EC measurements were collected to
support these IEP efforts. The IEP database is extensive and can be accessed at
the IEP website at:

http://www.iep.water.ca.gov.

Several EC measurement devices have been added to the network of Bay and
Delta stations, generally at existing tidal stage and flow measurements stations.
A general database of Delta monitoring records from 1968 to 1982 was prepared
for STORET format in 1984. DWR and Reclamation had collected salinity
measurements in previous years, but digital files were created starting with 1968.
These data included the historical daily Delta flows that are compiled in the
DAYFLOW files prepared by DWR (for water years 1956—present), and the EC
data measured by Reclamation and DWR. These daily flow and EC records are
needed to calibrate and validate the Delta flow and salinity models.

Much of the Delta tidal data were organized by the DWR Delta Modeling
Section as a Delta database that was developed beginning in 1991 to provide
necessary tidal data for specifying inputs and calibrating the Delta tidal models.
This Delta database and the graphics/analysis package (called VISTA) are still
available from Delta Modeling Section, although the IEP database is how
generally used to support the Delta modeling efforts.

Delta salinity models have often used total dissolved solids as the salinity unit,
although tidal salinity measurements have almost always been EC. The Contra
Costa Canal (CCC) Pumping Plant #1 and the Los Vaqueros intake are the only
Delta locations measuring daily chloride. DSM2 now uses EC as the basic
salinity model variable, making calibration of the model with EC measurements a
more direct process.

Many of the Delta tidal stations are now included in the CDEC database, which
allows near real-time access to these hydraulic and water quality measurements.

South Delta Improvements Program October 2005
Appendices to the Draft Environmental Impact D-6
Statement/Environmental Impact Report J&S 02053.02



U.S. Department of the Interior, Bureau of Reclamation, DSM2 Delta Tidal Hydraulic and
and the California Department of Water Resources Water Quality Modeling Methods and Results

Delta Hydrodynamic and Salinity Models

A tidal hydraulic and salinity model can be described as a combination of some
mathematical equations and the numerical calculations that are used to solve the
equations within a specified channel network for some specified inflow
hydrology and tidal boundary conditions. A variety of tidal models have been
developed and used to describe the Delta tidal flow and salinity conditions.
These models have often been called hydrodynamic models, but the actual
equations solved are usually empirical momentum-force balance (i.e., Manning’s
equations for channels with weir or orifice equations for tidal gates and barriers)
and are more accurately called tidal hydraulic (i.e., bulk flow parameter) models.
USGS, University of California (UC) Davis, and Stanford researchers have
developed several two-dimensional and three-dimensional models of the Bay and
Delta, but most of the Delta tidal models use a network of one-dimensional
channels.

A tidal hydraulic model of the Delta channels was first developed by DWR in
1969 (based on the Water Resources Engineers “Dynamic Estuary” link-node
model) to calculate 15-minute stage and tidal flow (repeating tide) in a grid of
Delta channels (DYNFLO). The salinity calculations were done in a second
model (TVRK, time-varying Runga-Kutta solution technigque) using the tidal
flow and stage values calculated by DYNFLO for a month-long period. DWR
was continuing to develop and attempting to calibrate the TVRK (version 6)
results in 1979 when the first methodology progress report was written. Dr.
Hugo B. Fischer (UC Berkeley) was independently retained by the State Water
Board in 1979 to review the DYNFLO/TVRK Delta model and report on its
accuracy and reliability. Consultants (i.e., HydroQual, which later became
HydroScience) were contracted by DWR in 1981 to improve and verify these
Delta flow and salinity models. A new Delta salinity model, called TVSALT,
was developed based on the U.S. Environmental Protection Agency (EPA) Water
Quiality Analysis Simulation Program model (also known as WASP) that had
been developed in 1970 by these same consultants (i.e., HydroScience). These
Delta models were used in 1981 and 1982 to investigate flow and salinity effects
from various Peripheral Canal alternatives and for studies of the expanded SWP
Banks capacity that was being planned (i.e., four additional pumping units).

FINEFLOW (a link-node model) was developed in 1984 to provide a more
detailed simulation of south Delta channel tidal stages and flows. The Clifton
Court Forebay (CCF) intake gates and various tidal gates and weirs in Old River
and Middle River were simulated during 1985. Tom Paine Slough siphons were
included in these simulations.

The FINEFLOW detailed grid was expanded to include the entire Delta in the
improved DWR/Resource Management Associates (RMA) Delta hydrodynamic
and water quality model that was developed in 1988. Both the DWR/RMA
model and the Fischer Delta Models (FDMs) (see below) were available for use
in the early 1990s.
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Fischer Delta Model

Reclamation funded the development of a Suisun Marsh tidal flow and salinity
model by Dr. Hugo B. Fischer, beginning in 1976. DWR obtained a version of
these models in 1981 to apply to the Suisun Marsh facilities planning and the
required environmental impact report (EIR) documentation of alternatives. The
models (MFLOW and MQUAL) were soon modified by Dr. Fischer for DWR to
simulate the entire Delta (Fischer 1982). The hydrodynamic portion uses the
method of characteristics, while the salinity portion uses the Lagrangian (moves
with the water) approach. This Delta model has been commonly called the
Fischer Delta Model (FDM), and newer versions of this model are still used by
CCWD, the East Bay Municipal Utility District, and Flow Science (i.e.,
consultants) for Delta simulations. The FDM model was installed on an IBM PC
computer in 1985 by the Operations and Modeling unit of Central District.

Flow Science developed an integrated and improved FDM model (version 7) that
included the Suisun Marsh channels for DWR in 1986. This version had about
150 channels and 120 junctions. To calculate the hydrodynamics for a single
“repeating” tidal cycle (requiring three tidal periods to “stabilize™) took about

45 minutes on the best available PC-AT. Generally, a year of Delta tidal flows
and salinity would be simulated using about 15-20 periods of constant inflows,
exports, and outflow. A 1-year simulation of salinity with a 15-minute time step
required about 6 hours. This Delta modeling was still a time-consuming process.
The FDM salinity calculations were verified with 5 years of data (1968, 1972,
1976, 1977, and 1978) at 17 locations. Comparisons of measured EC with
simulated total dissolved solids required empirical conversion equations.
Nevertheless, the match of the FDM results with these seasonal EC patterns was
generally good.

Department of Water Resources
Delta Simulation Model Development

The DWR modeling section of the Central District made extensive changes in the
FDM and renamed the model subroutines to be DWRFLO and DWRSAL in
1989. Simulation of the CCF with the intake gate flows from West Canal and
hourly pumping at the SWP Banks facility was incorporated. The rectangular
channels assumed in FDM were modified to trapezoidal channels for more
accurate tidal flow simulations. This new Delta hydrodynamic and water quality
model became known as DWRDSM (DWR Delta Salinity Model) in 1990. The
DSM was used with 1988 historical flow and salinity data to simulate the
planned operations of the Suisun Marsh salinity control gates.

A new subroutine for Delta modeling was a dynamic agricultural diversion and
drainage subroutine called DICU (Delta Island Consumptive Use), which
allowed the drainage salinity from each Delta island to be simulated as a function
of the channel salinity and assumed soil salinity, for assumed diversion and
drainage conditions that were dependent on cropping and Delta soil properties.
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This dynamic salinity subroutine was never fully developed, and the current
version of DSM2 uses assumed fixed monthly drainage EC values. DICU
monthly flow values (seepage, diversion, and drainage) that vary somewhat for
each year are specified as DSM2 boundary conditions.

The 12" annual report (April 1991) indicated that the Delta Modeling Section
(formed in 1989 in the Division of Planning) was looking for a more efficient
modeling code and solution engine for the DSM model. All input and output
data would use the Corps’ Hydrologic Engineering Center data storage system
(HEC-DSS) FORTRAN routines for input and output of time variable modeling
data. All available Delta data from calendar year 1988 were being digitized and
converted to DSS format for modeling calibration and verification purposes.

The 14™ annual report (June 1993) reported that the DWRDSM simulations of
the south Delta temporary barriers were verified with field measurements with
the Old River Delta-Mendota Canal (DMC) temporary barrier installed in July
and August 1992 and without the temporary barrier during April 1993. The
simulation of the CCF stage and the intake gate flows were verified with field
measurements during the SWP Banks facility high pumping tests in January
1993. The report also described the particle-tracking model (PTM) that was
being incorporated into the DSM package. The possibility of extending the
downstream boundary to the Golden Gate Bridge was being investigated,
although this would increase the computational time because of the increased
number of channels and nodes. New solution technigues (model codes) for the
hydrodynamic and water quality models were described that would allow the
DSM to become a public-domain model (DWRDSM still relied on parts of the
proprietary FDM program code).

Department of Water Resources Planning Models

The CVP and SWP reservoir operations control the Delta inflows and allowable
exports during low-runoff periods. The Delta models are often used to simulate
the Delta tidal conditions that correspond to future inflow and export conditions
as simulated with a planning model. A planning model and a Delta tidal flow
and salinity model are therefore often used sequentially to provide an
understanding of the effects of CVP and SWP operations on Delta hydraulics and
salinity.

A Delta operations model, called PCLEVEL, that calculated net flows in Delta
channels as a function of river inflows and export pumping (with or without the
Peripheral Canal) was used with SALDIF (a steady-state flow-salinity gradient
model) by DWR during the 1970s and early 1980s to estimate the monthly net
flows and salinities in the Delta. Minimum Delta outflow requirements to satisfy
the D-1485 salinity objectives were programmed and added to PCLEVEL in
1983. A Delta operations model, called DELOP, was developed with a shorter
time-step to allow the variations in Delta flow and salinity within a month to be
considered.

South Delta Improvements Program October 2005
Appendices to the Draft Environmental Impact D-9
Statement/Environmental Impact Report J&S 02053.02



U.S. Department of the Interior, Bureau of Reclamation, DSM2 Delta Tidal Hydraulic and
and the California Department of Water Resources Water Quality Modeling Methods and Results

The DWR Planning Simulation Model (soon to be called DWRSIM and later
CALSIM) was developed from the HEC-3 reservoir system analysis model to
provide a monthly planning model for the SWP and CVP reservoirs and Delta
facilities. This model was documented in 1985 (California Department of Water
Resources 1985a) in preparation for the State Water Board hearings on the Delta
water quality control plan (WQCP) (i.e., D-1485). The Delta outflow-salinity
relationships were investigated for better estimation of the required minimum
outflows to specify for the 57-year planning model sequence. A subroutine,
called MDO, was developed to estimate the required minimum Delta outflow that
would satisfy the D-1485 salinity objectives.

The estimation of the minimum Delta outflow required to satisfy the Delta
salinity objectives has always been a weak link in these monthly water
management planning models. The current version of CALSIM |1 uses either the
CCWND-developed “G-model” estimates of required outflow or an artificial
neural network (ANN) algorithm to estimate the necessary Delta inflow that
would allow the simulated exports and still satisfy the D-1641 salinity objectives.
The ANN algorithm has been “trained” (i.e., calibrated) to match DSM2
simulations of salinity for a range of Delta inflows and exports. The monthly
CALSIM Il planning model is therefore indirectly linked with the DSM2 results
(through the ANN subroutine) if this option is used, as it was for the CALSIM II
simulations for the SDIP alternatives.

DSM2 Development

The 15" annual report (June 1994) described the initial development of DSMZ2,
which includes the USGS four-point flow model (FOURPT) and the USGS
branch Lagrangian transport model (BLTM). The 16™ annual report (June 1995)
described DSM2 in more detail. The use of ANNSs to estimate the required Delta
outflow to maintain salinity standards was first investigated in 1995. Calibration
and verification of DSM2 has continued and resulted in many modifications and
improvements that have increased the model accuracy.

DSM2 formulations, as well as the procedures for specifying input data and
displaying results, have been modified and improved in many important ways
during the 10 years since it was first developed. The existing version of DSM2 is
the result of many individuals’ efforts and has been improved by the application
to many DWR and CALFED Bay-Delta Program (CALFED) projects. The
application of DSM2 to the SDIP alternatives is described in the following
sections of this appendix. DSMZ2 is the best available tool for Delta tidal
hydraulic and salinity modeling and is appropriate for describing the existing
conditions in the Delta, as well as performing simulations for the assessment of
environmental impacts (i.e., incremental changes caused by facilities and
operations).
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Delta Modeling Staff

The earlier annual progress reports do not give the names of Reclamation and
DWR field collection and modeling staff, but quite a number of dedicated and
conscientious staff have contributed to the excellent historical monitoring, special
studies, and real-time data that are now available for understanding and
evaluating Delta tidal flow and salinity conditions.

Beginning in 1993, the annual progress reports (now prepared by the Bay-Delta
Office) list the authors of the individual chapters. Many of the staff that
contributed to the modeling development and applications are still contributing
their talents and energy in DWR or other California water agencies. In 1993,
Francis Chung was continuing as the program manager. Shawn Mayr prepared
the annual report. Mohammed Rayej, Hari Rajbhandari and Ali Ghorbonzadeh
were working on the DWRDSM. Tara Smith (now Delta Modeling Section
head) was working on a PTM. Art Hinojosa and Ralph Finch were working on
data compilation and a graphical users’ interface (VISTA). Andy Chu was
working with Brad Tom on the channel geometry database (CSDP). Parvis
Nader-Tehrani was working on the new DSM2 code. Paul Hutton (now with the
Metropolitan Water District of Southern California) was working on
trihalomethane (THM) modeling in the Delta. Nirmala Mahadevan and Chris
Enright (now with the Suisun Marsh section) helped with sections of the 1994
progress report. Nicky Sandhu helped with sections of the 1995 report.

The IEP has produced several dedicated interagency teams that have maintained
routine as well as special field data and analysis projects since it was formed in
1970. A San Francisco Bay/Sacramento—San Joaquin River Delta (Bay-Delta)
team to conduct two-dimensional and three-dimensional modeling was formed in
1984. Mike Ford represented DWR on this 2-year model development effort
under the direction of Ralph Cheng at USGS in Palo Alto. The recent
contributions of the IEP project work teams on hydrodynamics and DSM2
calibration are two good examples of the collaborative nature of these IEP
efforts. The quarterly IEP newsletters that are published by DWR Central
District can be found on the IEP website, for issues since 1995.

The Delta Modeling Section was formed in the DWR Division of SWP Planning
in 1989. George Barnes and Francis Chung were early key staff members that
provided vision and innovation for the CALSIM and DWRDSM modeling teams.
Central District staff assigned to the Suisun Marsh Section have been very active
in Delta modeling improvements. Kamyar Guivetchi and Dwight Russell (now
DWR Northern District Chief) have made many excellent contributions to Delta
tidal models and evaluations. Chris Enright headed the IEP DSM2 calibration
and validation team.
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California Water and Environmental Modeling Forum

The Bay-Delta Modeling Forum (Forum) was formed in 1994 in an effort to
organize a network of modeling expertise and provide for an exchange of
modeling ideas and modeling applications for the Bay-Delta system. DWR and
Reclamation staff have participated and actively contributed many presentations
at the annual meetings and workshops that have been sponsored by the Forum
since 1994. The current activities of the renamed California Water and
Environmental Modeling Forum can be found on their website at:

http://www.cwemf.org.

The modeling forum presents an award for excellent model development or
model application in honor of Dr. Fischer. Many of the 12 award recipients have
participated in Delta modeling:

m  Dr. Alan Jassby (UC Davis) analyzed ecological data from the Delta and the
relationships between X2 and organism abundance.

m  Richard Denton (CCWD) developed the G-model approximation of the
salinity-outflow relationship for western delta locations.

m  Ralph Cheng (USGS) continues work on three-dimensional Bay models.
m  Greg Gartrell (CCWD) applied and improved the FDM.
m  Francis Chung directed the development of DSM2.

m Jack Rowell (Reclamation) developed the water temperature model that is
used with CALSIM to protect river temperatures below Reclamation and
DWR reservoirs.

m  Walter Bourez (SWRI) applied and improved the PROSIM monthly planning
model.

m  Dwight Russell (DWR) and Kamyar Guivetchi (DWR) applied and improved
the Suisun Marsh model.

m  Armin Munevar (DWR) helped develop and improve the CALSIM planning
model.

m  Gerald Orlob (UC Davis) was involved in early Delta modeling and
continues to direct graduate student research in water quality modeling
throughout California.

m  Emin Dogrul (DWR) developed and improved the IGSM2 groundwater-
surface modeling tools.

Delta Modeling Section Annual Progress Reports

Although the SWP and CVP water rights are now governed by D-1641, rather
than by D-1485, the Delta Modeling Section continues to publish annual progress
reports. The recent documents are available from the DWR Delta Modeling
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website. The chapters that directly describe the DSM2 modeling system are
listed below to facilitate further study:

m 1994 (15™) Annual Report—Chapter 2, “New Model Development
(DSM2-HYDRO and DSM2-QUAL);”

m 1995 (16™) Annual Report—Chapter 3, “Water Quality (DSM2-QUAL),”
and Chapter 4, “Particle Tracking (DSM2-PTM);”

m 1997 (18"™) Annual Report—Chapter 2, “DSM2 Model Development” (html
format for website);

m 1998 (19") Annual Report—Chapter 5, “DSM2 Input and Output,” and
Chapter 6, “Cross-Section Development Program (CSDP);”

m 1999 (20") Annual Report—Chapter 4, “Modeling of 1998 Hydrodynamics
in the Delta (comparison to UVM stations);”

m 2000 (21*) Annual Report—Chapter 8, “Filling In and forecasting DSM2
Tidal Boundary Level;”

m 2001 (22" Annual Report—Chapter 2, “DSM2 Calibration and
Validation” (also see www.iep.water.ca.gov/dsm2pwt/dsm2pwt.html),
Chapter 7, “Integration of CALSIM and ANN models for Delta Flow-
Salinity Relationships,” Chapter 10, “Planning Tide at the Martinez
Boundary,” Chapter 11, “Improving Salinity Estimates at the Martinez
Boundary,” and Chapter 12, “DSM2 Real-Time Forecasting System;”

m 2002 (23" Annual Report—Chapter 12, “DSM2 Documentation,”
Chapter 13, “DSM2 Input Database and Data Management System,” and
Chapter 14, “DSM2 Fingerprinting Methodology;”

m 2003 (24") Annual Report—Chapter 6, “New Behaviors and Control
switches in DSM2-PTM,” and Chapter 7, “Implementation of a new DOC
growth (source) algorithm in DSM2-QUAL;” and

m 2004 (25™) Annual Report—Chapter 3, “DSM2 Geometry Investigations,”
Chapter 6, “Net Delta Outflow Computations for DSM2 Steady State
Simulations,” Chapter 7, “Extensions and Improvements to DSM2,” and
Chapter 12, “Calculating Clifton Court Forebay Inflow.”

Most of these individual modeling topics are described in this appendix on the
DSM2 simulations for the SDIP alternatives impact assessment.

DSM2 Documentation

There is not a printed users manual or model documentation report. There is,
however, considerable information about DSM2 available on the DWR Delta
Modeling website at:

http://baydeltaoffice.water.ca.gov/modeling/deltamodeling/deltaevaluation.cfm.
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This website (shown in Figure D-7) has links to information about:

m the main modules of DSM2, hydrology (HYDRO), and water quality
(QUAL);

m the PTM, which uses output from the hydrology module of DSM2;
m the DICU model, which can be used to develop inputs to DSM2;

m the Cross Section Development Program, which can be used to develop
channel geometry inputs to DSM2;

m the ANN model of Delta flow-salinity relationships, an alternative to using
DSM2 for estimating Delta salinity;

m  Martinez boundary EC generator, which can be used to estimate inputs to
DSM2;

m a trihalomethanes simulation model; and
m the DSM2 Users Group.

The link to DSMZ2 takes the viewer to the DSM2 web page. The DSM2 web
page (also shown in Figure D-7) has links to information on model use, including
a DSM2 tutorial. Other links lead to model code, executable files, and model
inputs. This web page also has a link to information about Vista, a program
developed by DWR to view data that are stored in the HEC-DSS format. Many
of the model inputs are in this format. Data in the HEC-DSS format can also be
imported and viewed in Excel using a DSS add-in for Excel that is available from
the HEC website at:

http://www.hec.usace.army.mil/software/hec-dss/hecdss_msexcel_addin.htm.

This add-in also allows for the creation of DSS files from Excel tables. This add-
in greatly facilitates the editing and creation of input data files and the viewing of
model results.

Methods Used for Tidal Hydraulic and
Water Quality Modeling

DSM2 Modules

DSM2 is a one-dimensional mathematical model for dynamic simulation of tidal
hydraulics, water quality, and particle tracking in a network of riverine or
estuarine channels. DSM2 can calculate stages, flows, velocities, transport of
individual particles, and mass transport processes for conservative and
nonconservative constituents, including salts, water temperature, dissolved
oxygen (DO), and dissolved organic carbon (DOC). The hydrodynamic
(HYDRO), water quality (QUAL), and PTM modules of DSM2 are briefly
described below:
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m  The HYDRO module is a one-dimensional, implicit, unsteady, open channel

flow model that DWR developed from FOURPT, a four-point finite-
difference model originally developed by the USGS in Reston, Virginia.
DWR adapted the model to the Delta by revising the input-output system,
including open water elements, and incorporating water project facilities,
such as gates, barriers, and the CCF.

The QUAL module is a one-dimensional water quality transport model that
DWR adapted from the Branched Lagrangian Transport Model originally
developed by the USGS in Reston, Virginia. DWR added many
enhancements to the QUAL module, such as open water areas and gates. A
Lagrangian feature in the formulation eliminates the numerical dispersion
that is inherently in other segmented formulations, although the tidal
dispersion coefficients must still be specified.

The PTM module simulates the transport and fate of individual particles
traveling throughout the Delta. The model uses velocity, flow, and stage
output from the HYDRO module to monitor the location of each individual
particle using assumed vertical and lateral velocity profiles and specified
random movement to simulate mixing.

HYDRO Module

The HYDRO module is a tool to study the complex tidal hydraulic system found
in the Delta. This module is adapted from FOURPT, a finite-difference, one-
dimensional, unsteady, open channel hydrodynamic model (Delong et al. 1993).

Some of the main characteristics of the HYDRO module are described below:

The method of solving the hydrodynamic equations is fully implicit and
unconditionally stable. Larger time steps can be used compared to an
explicit model, which requires smaller time steps for numerical stability.

The model is capable of handling trapezoidal and irregular shaped channels.

The model includes the baroclinic momentum equation term (i.e., density-
driven flow) in the mathematical formulation. If the density of the water is
allowed to vary, its effect can be included in the analysis with the g dp/dx

term in the momentum equation. The baroclinic effects on the 1-D tidal
hydraulics are very small, however.

FOURPT is capable of enforcing continuity both at a junction and within a
channel because of its implicit nature.

The HYDRO module solves the momentum and continuity equations. These
differential equations are solved using a finite difference scheme requiring
four points of computation, thus the name FOURPT. The equations are
integrated in time and space, which leads to a solution of a set of nonlinear
equations, with the incremental changes in stage and flow at the
computational points as the unknowns.
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Open Water Areas

A few open water areas, including the CCF, are modeled in the DSM2 grid.
These areas are bodies of water that are too big to be modeled as channels. Open
water areas are treated like tanks, with a known surface area and bottom
elevation. An open water area can be connected to one or more channels. The
flow interaction between the open water area and each of the connecting channels
is determined using the general orifice formula:

q =CAYAh

where ¢ is the flow from the open water area to the channel, C is the flow
coefficient, A is the flow area, and Ah is the head difference between the open
water area and the channel. The variable gate opening of the CCF intake gates
cannot be simulated, but the overall flows into the CCF are reasonably
represented with this orifice equation.

Hydraulic Gates

The flow through hydraulic gates is also calculated using the orifice flow
equation.

Gates can be placed either at the upstream or downstream end of a channel. Two
values of gate flow coefficients are assigned for every gate, one for seaward flow
and the other for landward flow. For a one-way gate, the flow coefficient
assigned to the obstructed direction is set to zero. For a complete barrier, the
gate flow coefficients for both directions are set to zero.

FOURPT enforces an “equal stage” boundary condition for all the channels
connected to a junction with no gates. Once the location of a gate is defined, the
boundary condition for the gated channel is modified from “equal stage” to
“known flow,” with the calculated flow.

Using the current version of DSM2, the gates are allowed to open and close
multiple times during a single model run using a predetermined schedule. This
schedule must be determined as part of the model input, using a previous
simulation to determine the appropriate times to change the gate opening.

QUAL Module

The QUAL module is a one-dimensional transport model that predicts the fate of
various water quality constituents, such as salinity (EC), temperature, DO, and
DOC. As water moves tidally within the Delta channels, the constituents tend to
disperse in the longitudinal direction. Other processes include growth and decay,
which may be caused by interactions among various constituents.
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Simulation of these processes is accomplished with the conservation of mass
equation, using the tidal flows and volumes calculated by the HYDRO module.
Two main techniques are available for solving this equation:

m  Eulerian (fixed coordinate system)—With this approach, the processes are
easier to conceptualize as inflows and outflow from a “box.” As it turns out,
however, the computations are fairly difficult, and the results can be
inaccurate and unstable. A byproduct of this approach is an error term called
the numerical dispersion, which can be significant, especially in areas with a
sharp gradient in the constituent concentrations.

m Lagrangian (moving coordinate system)—With this approach, each river
segment is modeled as several fixed volume water parcels, each moving with
the same speed as the river flow. Using this approach, the complex
convective terms are eliminated. At the junctions, parcels from neighboring
channels are blended to create new parcels. The dispersive term is simulated
as exchange between each neighboring parcel. The growth/decay terms are
computed within each individual parcel. Tracking of each individual parcel
requires massive amounts of bookkeeping.

DSM2 Fingerprinting

The transport of several conservative source tracers can be simulated to
determine volume contributions from each source. These volume contributions
can then be used to estimate concentrations of any conservative constituent
coming from these sources. Volume fingerprinting can be used to determine the
relative flow contribution of each source at a specified location. For example,
the fraction of the flow at CCF that originated from the Sacramento River, the
San Joaquin River, eastside streams, the ocean, and agricultural return flows can
be calculated. Volume fingerprinting can be used to estimate the concentrations
of conservative water quality constituents at specified locations using a single
DSM2 simulation, by multiplying the inflow concentrations by the fraction of
water from each source.

Particle-Tracking Model Module

The PTM module simulates the transport and fate of “virtual” particles traveling
in the Delta channels. The model uses velocity, flow, and stage output from the
HYDRO module. The transfer file (TIDE) containing these hydrodynamic
values has a 1-hour time step. The PTM module uses the geometry files that
describe the model segments simulated by the HYDRO module. The particles
move throughout the network under the influence of flows and random mixing
effects.

The location of a particle in a channel is determined as the distance from the
downstream end of the channel segment (x), the distance from the centerline of
the channel (y), and the distance above the channel bottom (z).

South Delta Improvements Program October 2005
Appendices to the Draft Environmental Impact D-17
Statement/Environmental Impact Report J&S 02053.02



U.S. Department of the Interior, Bureau of Reclamation, DSM2 Delta Tidal Hydraulic and
and the California Department of Water Resources Water Quality Modeling Methods and Results

In June 1992, the DWR hired Dr. Gilbert Bogle (Water Engineering and
Modeling) to develop a nonproprietary PTM module. The PTM was originally
written in FORTRAN. The code was later partially rewritten in C++ and Java to
use an object-oriented input approach.

Particle Movement

The longitudinal distance traveled by a particle is determined from a combination
of the lateral and vertical velocity profiles in each channel. The transverse
velocity profile simulates the effects of channel shear that occurs along the sides
of a channel. The result is varying velocities across the width of the channel.
The average cross-sectional velocity is multiplied by a factor based on the
particle’s transverse location in the channel. The model uses a fourth order
polynomial to represent the velocity profile (Figure D-8a). The vertical velocity
profile shows that particles located near the bottom of the channel move more
slowly than particles located near the surface. The model uses the Von Karman
logarithmic profile to create the velocity profile (Figure D-8b). Particles also
move because of random mixing. The mixing rates (i.e., distances) are a function
of the water depth and the velocity in the channel. High velocities and deeper
water result in greater mixing.

PTM Module Capabilities

The capabilities of the PTM module are described below:
m  Particles can be inserted at any node location in the Delta.

m History of each particle’s movement is available. In the model, the path each
particle takes through the Delta is recorded. Output for determining the
particle’s movement includes:

O animation—particles are shown moving through the Delta channels, and
the effects of tides, inflows, barriers, and diversions on particles are seen
at hourly time steps;

o number of particles passing locations—the number of particles that pass
specified locations are counted at each time step; and

o number of particles within a specified group of channels and reservoirs—
the number of particles left in the channels at the end of the time step.

m  Each particle has a unique identity, and characteristics can change over time.
Because each particle is individually tracked, characteristics (behavior) can
be assigned to the particle. Examples of characteristics are additional
velocities that represent behavior (self-induced velocities) and the state of the
particle, such as age.

m Particles can have a settling (or buoyancy) velocity. Therefore, if particles
are heavy and tend to sink toward the bottom, they will move more slowly
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than if they were neutrally buoyant or floating. As a result, the travel time of
heavy particles through the channels will be longer.

Particle Behaviors

PTM simulations have primarily been made using neutrally buoyant particles.
The work of biologists in the IEP Estuary Ecological and Resident Fish Studies
Project Work Teams has enabled some behaviors to be incorporated into the
model. Some studies have been conducted in which settling velocities and
mortality rates were included. These studies concentrated on striped bass eggs
and larvae. Additional behaviors have been added to restrict a particle’s
movement within a given volume to simulate tidal “surfing” of Chinook salmon,
which move on ebb tides at the surface and drop toward the bottom during flood
tides.

A fall velocity can be added to a particle. This velocity adds an additional
downward (+) or upward (-) velocity component to a particle. This addition can
be useful when simulating suspended sediment or striped bass eggs, which have a
slightly higher density and tend to fall and move along the bottom.

Vertical positioning allows for defining a restriction on the particle’s vertical
movement in the channel. Typically, a particle is allowed to roam 100% of the
channel depth. Figure D-9a shows particles distributed throughout the water
column. These particles can potentially be subjected to any portion of the
velocity profile. With vertical positioning, the particles are restricted to a defined
range. In Figure D-9b, the particles are restricted to the lower portion of the
channel. The range can be restricted to any part of the channel and can even be
defined for a given time. With the restriction, the particles are subjected only to
the lower portion of the velocity profile.

DSM2 Calibration and Validation

The DSM2-modeled tidal hydraulic and salinity (EC) results were initially
calibrated in 1997 by the DWR Delta modeling staff. The IEP PWT for DSM2
calibration and validation provided additional calibration during 1999. The
recent network of USGS tidal flow meters as well as these more extensive
geometry measurements provided the motivation for the PWT calibration and
validation efforts for the newest version of the Delta tidal hydraulic and water
quality model, DSM2.

The HYDRO module was calibrated using data from four different time periods:
m  May 1988,

m April 1997,
m  April 1998, and
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m  September and October 1998.

For the HYDRO module, the Manning’s roughness coefficient n was chosen as
the calibration parameter. With each subsequent run, these coefficient values
were modified to try to achieve a better match. Phase and tidal amplitude error
indexes were introduced to quantify the exactness of fit for tidal stage. The
magnitude of the error indexes was calculated for each period separately, and
these values were added to the calibration figures. Showing the error indexes
directly on the figures made it easier to improve the calibrated match. Fifty-six
iterations were run. Overall, model predictions for the final iteration of the
calibration are noticeably closer to the field data than the original 1997
calibration.

The QUAL module was calibrated in one continuous interval because QUAL
results can be affected by the initial conditions (salinity) for several months.
QUAL was calibrated using EC data because EC data are plentiful, and EC is
assumed to behave like a conservative substance. The most suitable periods for
calibration of salinity are dry periods during which saline Bay water enters the
Delta. The IEP Project Work Team (PWT) selected the 3-year period from
October 1991 to September 1994 for calibration. Dispersion coefficients were
used as the calibration parameter. After 16 iterations, the PWT decided that the
EC calibration was complete. Overall, QUAL results and the actual EC data
agree quite well. Salt intrusion into the western Delta was simulated fairly well.
However, in the San Joaquin River between Antioch and Jersey Point and
continuing up Old River to Bacon Island, the model overpredicts the salt
intrusion.

Validation of DSM2-Simulated Tidal Stage and Flow

Delta tidal hydraulic simulations of stage and flow (velocity) and salinity (EC)
with DSM2 are important for many proposed projects, such as the DWR SDIP,
wastewater treatment plant discharge, fish protection efforts such as the Vernalis
Adaptive Management Plan (VAMP), and flood control and levee maintenance
efforts. The accurate simulation of project effects depends on reliable model
calibration and application. This section of the appendix demonstrates that
DSM2 has been accurately calibrated by showing the comparison of
measurements and simulations of tidal hydraulic stage and flow and salinity
conditions from several recent years. The simulations of the SDIP baseline and
project alternatives are therefore considered to be a very reliable basis for impact
evaluations.

A 6-year historical simulation of the January 1994-September 1999 period was
used for a validation period. The historical tides at Martinez were used along
with the daily average inflows and export pumping to produce this 6-year
continuous simulation. The previous results (1997 calibration) are shown
together with the most recent calibration results and the field data. The results of
this interagency calibration effort are documented in a series of graphs on the
website at:

South Delta Improvements Program October 2005
Appendices to the Draft Environmental Impact D-20
Statement/Environmental Impact Report J&S 02053.02



U.S. Department of the Interior, Bureau of Reclamation, DSM2 Delta Tidal Hydraulic and
and the California Department of Water Resources Water Quality Modeling Methods and Results

http://modeling.water.ca.gov/delta/studies/validation2000.

The draft calibration and validation report is available at:

http://www.iep.ca.gov/dsm2pwt/dsm2pwt.html

A considerable effort has been made to improve the channel geometry specified
for the DSM2 grid. Channel geometry is perhaps the major factor influencing the
tidal hydraulics in the Delta. Modern methods of boat-mounted depth sounder
connected with a GPS for location have been used to collect more accurate
bathymetry data in several portions of the Delta by DWR Central District staff.
All the bathymetry data are contained in the geometry database and user-
interface called the “Cross Section Development Program.”

More than 50 separate model runs were performed to adjust the flow friction

coefficient (Manning’s roughness coefficient n) values to match the stage and
velocity and phase lag throughout the Delta. Salinity (EC) was calibrated by

adjusting the salinity dispersion coefficient.

The results of this extensive calibration effort are demonstrated in the selected
validation results shown in this section. The validation simulation used historical
daily inflows and export pumping with historical tidal stage at Martinez to
simulate the January 1994—September 1999 period, using the calibrated geometry
and model coefficients. This period includes a wide range of flow and export
pumping, with temporary barriers installed during the spring and summer
months. The tidal stage comparisons for the higher flow periods are reviewed
below to illustrate the accuracy of the DSM2 simulations during major flood
events. Several major floods, including the January 1997 events, are simulated in
these historical DSM2 results. Tidal stage comparisons in the lower flow periods
illustrate the ability of DSM2 to match the normal tidal fluctuations in the Delta.

Figure D-10 shows the Delta stations with field data (tidal stage, tidal flow, or
EC) that were compared during the DSM2 validation efforts. Two periods are
selected to illustrate the validation of DSM2 for selected stations throughout the
Delta. The daily average tidal stages and flows are shown for a 3-year period of
January 1997-September 1999. The 15-minute tidal stage and flow results are
compared to measured stage and flow variations for the 2-week period of
February 17—March 2, 1996.

Validation at Sacramento River Locations

For the Sacramento River at Freeport, Figure D-11 shows the simulated and
measured tidal stage and Figure D-12 shows the simulated and measured tidal
flows. The initial calibration (green) did not match the tidal stage at higher
flows. The tidal stage was about 4 feet too low when the flow was greater than
50,000 cfs, but was about 1 foot too low during lower flows of about 10,000 cfs.
The revised calibration provides a very good match with the high tidal stages
resulting from large flows in the Sacramento River. There is a USGS tidal flow
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meter at Freeport, but the daily average flows that are used as input at the
upstream model boundary near downtown Sacramento are shown in the flow
graph.

For the Sacramento River at Walnut Grove, just upstream of the DCC gates,
Figure D-13 shows the simulated and measured tidal stage and Figure D-14
shows the simulated and measured tidal flows. The maximum tidal stage at
higher flows are considerably lower than at Freeport, with the simulated
maximum tidal stage in February 1996 of about 11 feet matching the measured
tidal stage very well at the peak flow of about 45,000 cfs. The simulated tidal
stage variations and flow variations during the February high inflow period were
quite good. The tidal variations in stage and flow at lower flow are also very
close to the measured variations.

For the DCC and Georgiana Slough, Figure D-15 shows both the daily average
combined flows for the 1997-1999 period and the tidal flows simulated in
Georgiana Slough during the February 1996 high-flow event, when the DCC was
closed because the Freeport flows were above 25,000 cfs. The new calibration
appears to give an accurate flow split for periods with the DCC gates either open
or closed (February—June and during high flows). The tidal variation in
Georgiana Slough stage and flow during the February 1996 high-flow event
(when DCC was closed) are quite close to the measured data.

For the Sacramento River at Rio Vista, Figure D-16 shows the simulated and
measured tidal stage and Figure D-17 shows the simulated and measured tidal
flows. Flows at Rio Vista can be quite high because the Yolo Bypass joins the
Sacramento River channel just upstream. The simulated daily average tidal
stages at higher flows are only 4-6 feet above mean sea level (msl). The tidal
stage variation during February 1996 high-flow event when the flows were
between 50,000 cfs and 150,000 cfs were well matched, with a 4-foot tidal
variation (i.e., high tide minus low tide) during moderate flows of 50,000 cfs, and
a 2.5-foot tidal stage variation even during the peak flow of 150,000 cfs. This
indicates that the tidal variations dominate the tidal flows at Rio Vista, even
when the inflows are 150,000 cfs. The simulated tidal variation is about 0.5 foot
greater than measured.

For Threemile Slough, which connects the Sacramento River and the San Joaquin
River downstream of Rio Vista, Figure D-18 shows the daily average flow for
1997-1999 and the tidal flow for February 1996. The tidal stage is about the
same as at Rio Vista. The daily net flow is about 1,000 cfs toward the San
Joaquin River (negative direction). The tidal flows during the February 1996
high-flow event fluctuated from about 30,000 cfs toward the Sacramento River to
about —30,000 cfs toward the San Joaquin River. The simulated tidal flows
through Threemile Slough matched fairly well (about 10% too high).

For the Sacramento River at Mallard Slough (across from Chipps Island), Figure
D-19 shows the simulated and measured tidal stage and Figure D-20 shows the

simulated and measured tidal flows. The simulated daily average tidal stages at
higher flows are only 3 feet msl. The tidal stage variation during February 1996
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when the Delta outflows were between 50,000 and 150,000 cfs were well
matched, with a 4.5-foot tidal variation (i.e., high tide minus low tide) during
moderate flows of 50,000 cfs, and a 3.5-foot tidal stage variation even during the
peak flow of 150,000 cfs. The simulated tidal variation is about 0.5 foot greater
than measured during the beginning of the event and is almost exactly the same
during the period of highest flows.

For the Sacramento River at Martinez, which is the downstream boundary for
DSM2, Figure D-21 shows the measured tidal stage. The measured daily average
tidal stage varied from about 0.25 to 2.75 feet msl during the high outflow
periods, and averages about 1 feet msl. The tidal stage variation at Martinez can
be quite large (i.e., more than 6 feet), and was reduced to a variation of about

4 feet during the peak outflow of 150,000 cfs during the February 1996 high-flow
event. DSM2 does a good job of propagating this measured tidal stage variation
into the Sacramento River channel all the way to Freeport.

Validation at San Joaquin River Locations

For the San Joaquin River at Vernalis, Figure D-22 shows the DSM2-simulated
and measured daily average tidal stage and flow for the 1997-1999 period. This
location is the upstream boundary for DSM2 on the San Joaquin River. The
calibrated tidal stage is now reasonably well matched with the data, whereas the
initial calibration had a stage during high flows that was 5 feet lower than
measured.

For the San Joaquin River at the Stockton UVM station, Figure D-23 shows the
simulated and measured tidal stage and Figure D- 24 shows the simulated and
measured tidal flows. The simulated tidal stage is about 0.5 foot below the
measured tidal stage. The simulated tidal stage variations are not well-matched
with the data. The simulated minimum tidal stage is about 1 foot lower than
measured during the peak flows of the February 1996 high-flow event. The
simulated tidal flow is also lower than the measured tidal flow during the highest
flows of the February 1996 high-flow event. The simulated tidal flows matched
better during the beginning of the February 1996 high-flow event, but the
simulated minimum tidal flows were too high (i.e., simulated tidal flow variation
is too small).

For the San Joaquin River at Jersey Island, Figure D-25 shows the simulated and
measured tidal stage and Figure D-26 shows the simulated and measured tidal
flows. The simulated tidal stage is about 1.0 foot below the measured tidal stage,
although the measured tidal stage appears to be too high compared to
surrounding stations (i.e., Antioch and Rio Vista). The range of net flows at
Jersey Point was about 0-75,000 cfs during the 1997-1999 period, although the
simulated peak net flows were only 50,000 cfs. The simulated tidal flow is close
to the measured tidal flows at the Rio Vista USGS tidal flow station. The tidal
flows generally range from —150,000 cfs during the moderate flows at the
beginning of the February 17—March 2 period. The simulated and measured tidal
flows are dampened slightly by the higher net flows at the end of this period,
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with flood tide maximum flows of —100,000 cfs and maximum ebb tides flows of
125,000 cfs.

For the San Joaquin River at Antioch, Figure D-27 shows the simulated and
measured tidal stage and Figure D-28 shows the simulated and measured tidal
flows. The simulated daily average tidal stage is about the same as the measured
tidal stage (suggesting the Jersey Point stage data are 1.0 foot higher than actual).
The tidal range during the February 1996 high-flow event was about 4 feet at the
beginning and about 3 feet during the peak flow, although some of this variation
is caused by the spring-neap cycle, as well as the tidal stage damping from the
higher flow. The range of simulated net flows at Antioch was about 0 cfs to
50,000 cfs during the 1997-1999 period, although the measured net flows at
Jersey Pint suggest the peak flows AT Antioch should be higher (same as Jersey
Point net flows). The simulated tidal flows generally range from —175,000 cfs
(flood) to 175,000 cfs (ebb) during the moderate flows at the beginning of the
February 17-March 2 period. The simulated tidal flows are damped out a little
by the higher net flows at the end of this period, with flood tide maximum flows
of —100,000 cfs and maximum ebb tides flows of 150,000 cfs. The initial
calibration (green line) indicated higher tidal flows than the current calibration
that matched the measured Jersey Point tidal flows.

These validation results for the San Joaquin River suggest that DSM2 is very
well calibrated for the San Joaquin River channel upstream to Jersey Point.
There is some indication that the tidal stage and flows upstream of the Stockton
are a little lower than measured. Overall, the tidal stage and flow fluctuations
within the San Joaquin River, which forms the boundary for the south Delta
channels, are accurately simulated by DSM2. The simulated tidal effects of the
SDIP alternatives on tidal hydraulic conditions in these Delta channels are
therefore assumed to be reliable.

Validation at South Delta Locations

For Old River at Tracy Boulevard Bridge, Figure D-29 shows the simulated and
measured tidal stage and Figure D-30 shows the simulated and measured tidal
flows. The simulated daily average tidal stage with the new calibration now
matches the measured tidal stage at higher flows of 5,000 cfs. The tidal stage
variations during the February 1996 high-flow event match the measured tidal
stage data reasonably well, although the simulated high tides are about 0.5 foot
higher than measured. The range of simulated net flows in Old River at the
Tracy Boulevard Bridge is only about 0-5,000 cfs. The simulated tidal flows
(there are no measured tidal flows) are very irregular, with a pulse flood tide flow
and a more steady ebb tide flow. Most of the flow entering the Old River
channel from the head of Old River diversion from the San Joaquin River flows
down the Grant Line Canal and does not flow past the Tracy Boulevard Bridge.

For Old River upstream of the CVP DMC intake channel and Tracy Fish Facility,
Figure D-31 shows the simulated and measured tidal stage and Figure D-32
shows the simulated and measured tidal flows. This is the location of the
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temporary barrier location and the proposed tidal gate. The simulated daily
average tidal stage with the new calibration now matches the measured tidal
stage of 5 feet msl at high flows of 5,000 cfs. The effects of the temporary
barriers in the summer can be seen from the difference between the old
calibration (green line) and the new calibration (blue line) results. The tidal stage
variations during the February 1996 high-flow event match the tidal stage data
well, although the simulated high tides are about 0.5 foot higher than measured.
The range of simulated net flows in Old River at the DMC is only about 0—
5,000 cfs. Some measurements from spring 1998 confirm the simulated net
flows of about 1,500 cfs. The simulated tidal flows are irregular, with a pulse
flood tide flow and a pulse ebb tide flow that varied from —2,000 to 3,000 cfs
during the February 1996 high-flow event.

For Old River at Clifton Court Ferry, located just upstream of the CCF intake
gates and just downstream of the CVP DMC intake channel, Figures D-33 and
D-34 show the simulated and measured tidal stage. This station has the lowest
measured tidal stage in the Delta and is most directly affected by the CVP Tracy
and SWP Banks pumping. The simulated daily average tidal stage with the new
calibration now matches the measured tidal stage of about 4 feet at a flow of
about 10,000 cfs. The simulated daily average tidal stage matches the measured
tidal stage, with a minimum value of about 0 feet msl. The tidal stage variations
during the February 1996 high-flow event match the measured tidal stage data
(range from 1 to 5 feet msl) reasonably well, although the simulated high tides
are about 1.0 foot higher than measured and the simulated minimum tides are
slightly lower than measured. Figure D-34 shows two additional periods with
tidal stage variations from the validation graphs. During the November 1997
period, the tidal stage ranged from about —1 to 4 feet msl. During the April 1999
period, the tidal stage ranged from about —1 to 3 feet msl. The simulated tidal
stage variations during these two periods generally confirm that DSM2 matches
the observed tidal stage variations quite well. The minimum tidal stage at the
CCEF station is about -1 foot msl.

For Old River at Bacon Island, at the USGS UVM tidal flow station, Figure D-35
shows the simulated and measured tidal stage and Figure D-36 shows the
simulated and measured tidal flows. The simulated daily average tidal stage
matches the measured tidal stage of between 1 and 4 feet msl. The simulated
tidal stage variations during the February 1996 high-flow event match the
measured tidal stage data very well, although the simulated high tides are about
0.5 foot higher than measured. The range of simulated net flows in Old River at
Bacon Island is about —5,000 cfs (net upstream flow) to about 10,000 cfs. The
simulated tidal flow variations during the February 1996 high-flow event match
the measured tidal flows well, with a range of —15,000 to 10,000 cfs before the
high flow and —10,000 to 10,000 cfs during the peak flow.

For Middle River at Bacon Island, at the USGS UVM tidal flow station,

Figure D-37 shows the simulated and measured tidal stage and Figure D-38
shows the simulated and measured tidal flows. The simulated daily average tidal
stage matches the measured tidal stage of between 1 and 4 feet msl. The
simulated tidal stage variations during the February 1996 high-flow event match
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the measured stage data very well, although the simulated high tides are about
0.5 foot higher than measured. The range of simulated net flows in Middle River
at Bacon Island is about —5,000 cfs (net upstream flow) to about 10,000 cfs. The
simulated tidal flow variations during the February 1996 high-flow event match
the measured tidal flows well, with a range of —15,000 to 10,000 cfs before the
high flow and —10,000 to 10,000 cfs during the peak flow. The similarity of the
tidal flows in Old and Middle River is remarkable. The calibrated DSM2 is
properly simulating this nearly equal division of net and tidal flows between Old
River and Middle River channels.

For Grant Line Canal at Tracy Boulevard Bridge, Figure D-39 shows the
simulated and measured tidal stage and Figure D-40 shows the simulated and
measured tidal flows. The simulated daily average tidal stage with the new
calibration now matches the measured tidal stage of 6 feet at a flow of

15,000 cfs. The tidal stage variations during the February 1996 high-flow event
match the measured tidal stage data reasonably well. The range of simulated net
flows in Old River at the Tracy Boulevard Bridge is about 0-20,000 cfs. Most of
the flow entering the south Delta from the head of Old River diversion from the
San Joaquin River flows down the Grant Line Canal. The simulated tidal flows
are somewhat irregular, with a pulse flood tide flow and a more steady ebb tide
flow. During the February 1996 high-flow event, the tidal flows varied from
2,500 to 7,500 cfs.

The calibrated DSM2 appears to provide accurate simulations of tidal stage and
tidal flow variations within the south Delta channels. The potential effects from
the SDIP alternatives can be reliably evaluated by comparing the results from
DSM2 simulations of the alternatives and the baseline conditions.

Tidal Hydraulics in the Delta

This section provides:
m  a basic understanding of tidal dynamics (i.e., how tides work in the Delta),

m ageneral review of the simulated tidal hydraulics at selected sites throughout
the Delta,

m adetailed review of simulated tidal hydraulics of the south Delta channels,
and

m the simulated tidal effects of CVP Tracy and SWP Banks pumping as well as
of the Vernalis Adaptive Management Plan.

Introduction to Tidal Dynamics

Differential gravitational forces between the earth and the moon create tides in
the earth’s oceans. Because estuaries have open connections to oceans, tidal
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flows propagate into estuaries. The location and morphology of an estuary
influence the type of tide. Figure D-41 illustrates the three general types of tides:

m  Adiurnal tide has one high and one low tide per lunar day (24 hours
50 minutes). This type of tide occurs in the Gulf of Mexico and along the
coast of Southeast Asia.

m A semidiurnal tide has two high and two low tides of similar amplitude per
lunar day. This type of tide occurs along the Atlantic Coast of the United
States.

m A mixed tide has two high and low tides per lunar day, but the amplitude of
the high and low tides differ from one another. Mixed tides are typical of
tides that occur on the Pacific Coast of the United States. The Delta has a
mixed tide.

Although the gravitational effects of the moon are the main source of tidal
amplitude, the gravitational effect of the sun also affects the amplitude

(Figure D-42). The maximum tidal range, known as a spring tide, occurs during
new and full moons (Figure D-43). The minimum tidal range, known as a neap
tide, occurs during the quarter phases of the moon. Though the moon has a
greater effect than the sun on tides, the magnitudes of the spring and neap tides
vary throughout the year because of the changing distance between the earth and
the sun. The tilting of the earth relative to the sun also influences the amplitude
of tides. For example, in the Bay, the maximum tidal amplitudes occur during
May and June, when the Northern Hemisphere is tilted toward the sun, and the
minimum tidal amplitudes occur during November and December, when the
Northern Hemisphere is tilted farthest away from the sun.

Tides at Martinez

The Bay system includes the Suisun, San Pablo, and South Bays. The Bay has a
surface area of about 400 square miles at mean tidal stage. Most of its 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. The Bay
is surrounded by about 130 square miles of tidal flats and marshes. The outlet of
the Bay at Golden Gate Bridge is located approximately 46 miles from Chipps
Island, the assumed boundary between the Delta and Suisun Bay.

Average net Delta outflow into Suisun Bay, as measured at Chipps Island, is
about 20,000 cfs, or about 15 million acre-feet per year. Average natural
freshwater inflow to the Delta varies by a factor of more than 10 between the
highest flow month in winter or spring and the lowest flow month in fall. During
summer months of critically dry years, net Delta outflow is regulated to remain at
about 3,000 cfs. Stream flow is highly seasonal, with more than 90% of the
annual runoff occurring during November—April.
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Upstream of the central Bay is San Pablo Bay and the Carquinez Strait. The
Carquinez Strait separates San Pablo Bay from Suisun Bay and the Delta.
Martinez, at the upstream end of Carquinez Strait, is used as the DSMZ2 tidal
boundary for the Delta. North of Suisun Bay lies the Suisun Marsh, an extensive
mosaic of 80,000 acres of tidal channels and partially controlled tidal
marshlands. Suisun Bay is the area where the salinity gradient, caused by the
tidal mixing of fresh water and salt water, is typically most pronounced.

Adjusted Astronomical Tide

In past modeling studies, a monthly time-step for inflows and a repeating 25-hour
tidal fluctuation pattern was used to represent the general tidal flows in the Delta
channels.

In the 16-year DSM2 modeling studies of October 1975-September 1991 for
SDIP impact assessment, historically-based tidal stage data were specified every
15-minutes at Martinez in order to represent both the diurnal mixed tidal pattern
and the 14-day spring-neap tidal fluctuations. Since there are gaps in the
observed tidal stage at Martinez, a technique was used to fill in these gaps using
the astronomical tide and observed data from nearby locations. Missing
historical Martinez stage data were filled using an astronomical stage forecast at
Martinez, which was then modified or “adjusted” using observed historical stage
from San Francisco and Mallard Island. The resulting 15-minute continuous time
series of primarily historical Martinez stage data with missing data filled with
adjusted astronomical data is referred to as an Adjusted Astronomical Tide.
Since the Adjusted Astronomical Tide is based on historical data, it represents
the diurnal, spring-neap, and seasonal variations in the tidal stage at Martinez.
The Adjusted Astronomical Tide was specified as the downstream stage
boundary condition at Martinez for all of the DSM2 simulations conducted for
SDIP impact analysis.

Tidal Flows

Tidal flows are a major component of the hydrodynamics of an estuary. As the
incoming, or flood, tide propagates upstream, the water surface elevation rises.
The amplitude of the flood tide and thus the amount of rise in the water surface
elevation decreases as the tide propagates upstream. Because tidal flows are a
dynamic propagation of a wave, high and low tides do not occur at all locations
in the estuary at the same time. When high tide is reached at a particular
location, the flow slows and the tide begins to ebb or recede toward the ocean.
During the ebb tide, the water surface elevations fall as the tidal flows recede.
Near the time of slack tides, as the tidal flows shift between a flood tide and an
ebb tide, parts of the estuary can be experiencing rising water of a flood tide
while water surface elevations at other locations are still falling on an ebb tide.
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Tidal Stage—Velocity Relationship

In an estuary, there is a direct relationship between tidal-induced changes in stage
(water surface elevation) and water velocities (Figure D-44). As the tide enters
an estuary on a rising or flood tide, the water velocity and stage increase. About
halfway through the flood tide, the rate of tidal stage change is greatest, so the
tidal flow and velocity are also at maximum values. As the rate of tidal stage
change decreases, the tidal flow and velocity also decrease. At high tide, the
tidal stage reaches its maximum height, and shortly after the tidal stage reaches
its maximum value, the tidal flow and velocity decrease to zero (slack tide) and
reverse direction as the ebb tide begins. The tidal flow and velocity increases as
the tidal water level decreases on the ebb tide. About halfway through the ebb
tide, the water velocity reaches a maximum and begins to decrease. The tidal
water level continues to decline until low tide. At low tide, the flow again
reverses, and the velocity again passes through zero at slack tide.

Summary of DSM2 Delta Tidal Hydraulics

The tidal stage fluctuations in the Pacific Ocean at the Golden Gate Bridge
propagate upstream to the boundary for DSM2 at Martinez, located at the
downstream end of Suisun Bay. Figure D-45 shows the tidal stage fluctuations at
Martinez for August 1997, which is considered to be representative of the normal
range of monthly tidal variations at Martinez.

Figure D-46 shows the corresponding simulated tidal flows at Martinez for
August 1997. As the tidal stage rises at Martinez, the small water surface slope
produces a large tidal flow into the Delta. This flood-tide flow begins to move
upstream into all of the Delta channels. The tidal flow moves upstream into all
the Delta channels and generally fills them until the high-tide slack water. There
is a delay of several hours in the timing of high tides (and low tides) at upstream
locations because the tidal flow acts like a slowly propagating wave.

The tidal volume upstream of a location is defined as the channel volume at high
tide minus the channel volume at low tide. This volume is also called the tidal
prism volume. It can be generally estimated as the upstream surface area times
the tidal stage difference between the high tide and low tide. Because the Delta
tides are mixed (i.e., of unequal magnitude), the tidal prism should be averaged
between the two flood periods each day. The tidal volume varies each day as the
tides vary but can be approximated from the average low tide and the average
high tide.

The Delta surface area upstream of the Martinez model boundary at the average
low-tide elevation (about —1 foot msl) is about 80,000 acres, and the surface area
at average high-tide elevation (about 3 feet msl) is about 84,000 acres. The
actual tidal prism volume can be calculated as the sum of the simulated flood-tide
flow moving past a location during each flood-tide period. For example, the sum
of the simulated floodflows moving upstream at Martinez during August 1997
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was 349,000 acre-feet per day. The sum of the simulated ebb-tide flows moving
downstream during August 1997 was 361,000 acre-feet per day. These flows
would be identical except for the river outflow of about 12,000 acre-feet per day
(equivalent to about 6,000 cfs) during August 1997. The average tidal exchange
flow of 355,000 acre-feet per day indicates that a large volume of water fills the
Delta channels twice each day, representing an average tidal prism depth of

2.2 feet covering the 82,000 acres of Delta channels and bays upstream of the
Martinez boundary.

Calculation of Tidal Flows

The tidal flows are simulated in DSM2 just like river flows or canal flows using
the Manning’s equation, which relates the water velocity to the water surface
slope and the hydraulic radius of the channel:

w N

Velocity(fps) = % x /slope x R

2
3

14
Flow (cfs) = —9>< flow area x 4/slope x R
n

where n is the Manning’s friction factor (generally about 0.03 in the Delta
channels), slope is the water surface slope, and R is the hydraulic radius (i.e.,
flow area/channel perimeter). The hydraulic radius is slightly less than the
average channel depth.

Only very small slopes are needed for the gravitational force acting on the water
volume to produce very large flows. To illustrate this fact, the Manning’s
equation can be used to estimate the flow capacity for the California Aqueduct
from the Bethany Forebay above the SWP Banks facility to the O’Neil Forebay
below the San Luis Reservoir.

The California Aqueduct is a trapezoid that is about 40 feet wide at the bottom
with side slopes of 1.5:1 and a design depth of about 30 feet. The top width is
130 feet, the conveyance area of the canal is 2,550 square feet when full, and the
hydraulic radius is about 17.2 feet (i.e., 2,550-square-foot area/148-foot
perimeter), so R*® is about 6.7. The aqueduct elevation drops from 244 feet msl
at the Bethany Forebay to about 225 feet msl at the O’Neil Forebay over a
distance of about 63 miles, so the water surface slope is just 4 inches per mile
(0.00006). The Manning’s n coefficient for smooth concrete is about 0.018, so
the aqueduct is calculated to convey a flow of about 10,000 cfs when full.
Similar calculations reveal that 7,500 cfs could be conveyed with a canal depth of
25 feet, and 5,000 cfs could be conveyed with a canal depth of 20 feet. A series
of 12 check dams (i.e., radial gates) along the canal is used to regulate the flow
independently of the water depth in the canal, as well as control the aqueduct
flows during periods when the pumping rate at the SWP Banks facility is
changing. The design velocity in the canal is about 4 feet per second (feet/sec).
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The DMC between the CVP Tracy facility and the Mendota Pool along the San
Joaquin River (115 miles long) was built with a similar hydraulic design. The
DMC begins at an elevation of 195 feet msl and ends at an elevation of 155 feet
msl, so the slope is only 4.2 inches per mile. The average slope is therefore
0.000066, and the Manning’s n coefficient is estimated to be slightly higher than
for concrete (0.025) because the canal is unlined in sections. The DMC has a
bottom width of 100 feet, with side slopes of 3:1 and a design depth of 14.3 feet.
The conveyance area is about 2,045 square feet, the hydraulic radius is

10.75 feet, and R?® is 4.9. The average capacity of the DMC is therefore
calculated to be about 4,850 cfs at a velocity of 2.4 feet/sec. At the downstream
end of the DMC, the canal dimensions are smaller, and the capacity is about
3,200 cfs at the Mendota Pool.

Simulated Tidal Hydraulics of the Delta

Results from DSM2 for the 16-year planning period of 1976-1991 at key
locations throughout the Delta will be described in the following sections to
illustrate the range of tidal hydraulic conditions in the Delta. Two graphs will
show the monthly range of tidal stage and tidal flows at each selected station for
the 16-year period that is used to represent the full range of expected hydrologic
conditions in the Delta. The 16-year period simulated with DSM2 is water year
1976 (October 1975) through water year 1991 (September 1991). The 15-minute
results for each month are sorted as cumulative values for each month and
summarized as the average tidal stage or flow and the percentiles of tidal stage or
flow (i.e., 0 [minimum], 10", 20", 30™, 40™, 50™ [median], 60", 70", 80", 90",
and 100" [maximum] percentile tidal stage or flow). The first two days of each
month are ignored to allow the hydraulic modeling to stabilize following the
monthly changes in Delta inflow and exports obtained from the CALSIM
modeling results.

The minimum, 10" percentile, average, 90" percentile, and maximum stage
values at Martinez are shown in Figure D-47. Only in a few months are the
minimum and maximum tidal stages influenced by high flows through the Delta.
The highest tidal stage is generally between 4 and 5 feet msl. The 90" percentile
tidal stage values are about 3 feet, suggesting that the Martinez tidal stage is at or
above 3 feet msl for about 2—3 hours each day (during the higher-high tide). The
average tidal stage is about 1 foot msl. The 10" percentile tidal stage is usually
between -2 feet msl and —1 foot msl. This range represents the normal low tides
that occur once each day (for about 2-3 hours). The minimum tides each month
are generally between -3 and -2 feet msl. The lowest tides simulated during the
16-year period were in December and January 1988. The possible causes of
these exceptionally low tides of —3.75 feet msl have not been investigated. Tidal
Stage and Flows at Martinez

Figure D-48 shows the tidal flows at Martinez as simulated by DSM2 for the
16-year period. The average tidal flow (net Delta outflow) is very close to 0 cfs
on this tidal flow graph, except during exceptionally high outflow months in a
few years. The 90" percentile downstream (ebb tide) flows are generally about
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500,000 cfs, and the maximum downstream tidal flows in almost all months are
between 600,000 and 750,000 cfs. The 10" percentile upstream (flood-tide)
flows are generally about —500,000 cfs, and the minimum (highest upstream)
tidal flows at Martinez are between —600,000 and —700,000 cfs. These flows are
very large tidal flows moving into and out of the Delta channels twice each day.

Figure D-49 shows the simulated tidal velocity at Martinez for the 16-year
period. The tidal velocity is what the model estimates as a function of the water
surface slope. The 90" percentile tidal velocity (i.e., during ebb tide) is about
2.75 feet/sec, and the 10™ percentile tidal velocity is —2.25 feet/sec (i.e., during
flood tide). The tidal velocity is therefore generally less than 3.0 feet/sec at the
Martinez tidal boundary.

Because the tidal flow moves into and out of the Delta channels twice each day,
the average tidal excursion between low tide and high tide can be estimated from
these tidal velocities. The 10" percentile and 90" percentile tidal velocities
represent estimates of the average flood and ebb tide velocities that will be
sustained for about 4 hours during each tidal cycle (with 1-2 hours of slack tide).
The average tidal excursion can therefore be estimated as the average tidal
velocity of about 2.5 feet/sec (1.7 mph) times the 4 hours of sustained flow, or
about 6.8 miles. The tidal excursions are somewhat variable, with a typical range
of 6-8 miles. The upstream tidal excursion is less because the cross- section in
Suisun Bay is larger than the cross-section at Martinez, so the tidal velocity is
slower in Suisun Bay. This range represents the distance that an orange (or fish
larvae) would move between a high tide and a low tide.

The water surface slope that is required to drive these tidal velocities (and flows)
can be quickly estimated from the Manning’s equation. The hydraulic radius for
this channel is calculated from the cross section to be about 46 feet, and R¥® is
12.8. The channel width is about 1 mile, and the Manning’s n coefficient has
been calibrated to be 0.022. The required slope for a tidal velocity of 3 feet/sec is
therefore 0.000012 feet/feet [(3*(0.022/1.49)*(12.8)%], which is just 0.75 inch per
mile. A water surface slope of less than 1 inch per mile is therefore all that is
required in this very wide and deep section of the Delta to produce the observed
tidal velocity of 3 feet/sec with a corresponding tidal flow of 700,000 cfs.

Tidal Stage and Flows at Chipps Island

Chipps Island is the traditional location for estimating Delta outflow because it is
located downstream of the confluence of the Sacramento and San Joaquin Rivers.
Chipps Island is located along the north side of the channel just west of Van
Sickle Island and is part of the Suisun Marsh complex of islands and tidal
channels. The monitoring for salinity and tidal stage has nhow moved across the
channel to Mallard Slough because this location provides much more convenient
access, but the location is still generally referred to as Chipps Island. Mallard
Slough is one of the primary salinity monitoring locations for the X2 Delta
salinity criteria. Chipps Island is located 47 miles upstream of the Golden Gate
Bridge and 12 miles upstream of the Martinez DSM2 boundary.
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Figure D-50 shows the monthly tidal stage range at Chipps Island for the 16-year
period. The tidal stage ranges from about —2.5 to 4.5 feet msl during most
months. The high tides are similar to those at Martinez. During periods of high
outflow, there is a slight increase between Martinez and Chipps Island. The high
tides are only about 0.1 foot lower at Chipps Island than at Martinez in most
months. The 90™ percentile monthly tide elevations are similar at Chipps Island
and Martinez. The low-tide values are about 1 foot higher at Chipps Island than
at Martinez. The 10" percentile monthly tides are about 0.5 foot higher, with a
10™ percentile tidal stage of about —1 foot during most months. The 10"
percentile monthly tide elevation will be used to represent the average low-tide
elevation during the month. The extreme lowest-tide elevation will generally be
about 1 foot below the 10™ percentile monthly tide elevation in the western
portion of the Delta.

Figure D-51 shows that the tidal flows at Chipps Island are about 300,000 cfs
during the flood tide (10" percentile monthly flows of —300,000 cfs) and about
300,000 cfs during the ebb tide (90" percentile monthly flows of 300,000 cfs).
These tidal flows at Chipps Island are less than the tidal flows at Martinez
because some of the tidal flow at Martinez must fill the Suisun Bay and Suisun
Marsh channels. The average (net flow) at Chipps Island is usually very small
relative to the tidal flows.

The tidal flows at Chipps Island split and move upstream past Collinsville into
the Sacramento River channels or move upstream past Antioch into the San
Joaquin River channels. In the discussion below, the tidal flows in the
Sacramento River channels are shown first, and then the tidal flows in the San
Joaquin River channels and the south Delta channels are described.

Tidal Stage and Flows at Rio Vista

Rio Vista is located on the Sacramento River at the confluence of Cache Slough
and the Yolo Bypass and Sacramento Deep Water Ship Channel. Steamboat and
Sutter Sloughs also join Cache Slough, so the entire flow of the Sacramento
River (except the flow diverted into Georgiana Slough and the DCC) passes Rio
Vista. Rio Vista is located about 28 miles upstream of Martinez and 16 miles
upstream of Chipps Island, so the tidal range is slightly less and the tidal flows
are much less than at Martinez.

Figure D-52 shows the monthly tidal stage range at Rio Vista for the 16-year
period. The tidal stage ranges from about —-2.5 to 4.5 feet msl during most
months. The high tides are similar to those at Martinez. During periods of high
outflow, there is about a 1-foot increase between Martinez and Rio Vista high-
tide elevations. The tidal stage does not increase by much during high outflows
(including Yolo Bypass flows) because the Sacramento River channel at Rio
Vista is about 0.5 mile wide. The high tides are about 0.5 foot higher at Rio
Vista than at Martinez in most months, indicating that there is a downstream
water surface gradient between Rio Vista and Martinez. The 90" percentile
monthly tide elevations are usually about 3 feet msl at Rio Vista and at Martinez.
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The low-tide values are —2 feet msl, which is about 1 foot higher than at
Martinez. The 10" percentile monthly tides are about 0.5 foot higher than at
Martinez, with a 10" percentile monthly tidal stage of about —1 foot during most
months. The monthly lowest-tide elevation is generally about 1 foot below the
10™ percentile monthly tide elevation.

Figure D-53 shows that the tidal flows at Rio Vista are about 70,000 cfs during
the flood tide (10" percentile monthly flows of —75,000 cfs) and about 75,000 cfs
during the ebb tide (90™ percentile monthly flows of 75,000 cfs). These tidal
flows in the Sacramento River at Rio Vista are much less than at Chipps Island
because there is a much smaller surface area upstream of Rio Vista. The average
(net flow) at Rio Vista is usually less than 10,000 cfs and is small relative to the
tidal flows.

Tidal Stage and Flows at Freeport

The Sacramento River is tidally influenced all the way upstream to Sacramento.
The tidal variation at Freeport, located 34 miles upstream of Rio Vista (62 miles
above Martinez and 97 miles upstream from the Golden Gate Bridge), is still
about 3 feet. The tidal flows are only about 1,000 cfs and are relatively small
compared to the net river flow of 5,000-25,000 cfs.

Figure D-54 shows the monthly tidal stage range at Freeport for the 16-year
period. The tidal stage during months with low net river flow ranges from about
1 foot msl to 4 feet msl during most months. The Freeport tidal stage increases
to almost 18 feet as the river flow increases to 80,000 cfs. The tidal stage
variation is greatly reduced during these months with higher river inflow. The
high tides are about 1 foot higher than at Rio Vista during low river flow months.
The 90" percentile monthly tide elevations are usually between 3 and 4 feet msl
at Freeport. The maximum monthly tide is about 1 foot higher than the 90"
percentile monthly tide. The low-tide values are between 0 and 2 feet msl, which
is 3—4 feet higher than at Rio Vista. The 10" percentile monthly tides are about
0.5 foot higher than the minimum tide in most months.

Figure D-55 shows that the tidal flows at Freeport are only about 5,000 cfs less
than the river flow during flood tide and only about 5,000 cfs more than the net
river flow during ebb tide. These tidal flows in the Sacramento River at Freeport
are even less when the net river flow increases to more than 10,000 cfs. A USGS
tidal flow station was installed at Freeport in 1980 and has been used to calibrate
DSM2 in this portion of the Sacramento River.

Figure D-56 shows the tidal stage—discharge “rating” curve for the Sacramento
River at Freeport. As the Sacramento River flow increases to the flood channel
capacity of 80,000 cfs (the remainder of the Sacramento River flow is diverted
into the Yolo Bypass), the tidal stage increases steadily to about 18 feet msl.
This increase is a very unusual rating curve for a river station and indicates the
trapezoidal shape of the Sacramento River levees downstream of Sacramento.
Most river stations have a decreasing slope in the tidal stage discharge curve as
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the river width increases more rapidly at higher tidal stages. Figure D-56 also
shows the tidal stage at Walnut Grove, located between the DCC and the head
(beginning) of Georgiana Slough, and indicates that the river stage has decreased
to about half of the stage at Freeport during higher flow periods. This reduced
river stage is caused in part by the diversions of some of the flow into Sutter and
Steamboat Sloughs and because Walnut Grove is 20 miles downstream. The
corresponding stage at Rio Vista is almost always controlled by tidal stages,
except for the highest flows, when the average stage is 2-3 feet msl instead of the
average tidal stage of 1 foot msl stage during low-flow periods.

Sacramento River Diversions into
Sutter Slough and Steamboat Slough

The net river flows that enter the Delta are distributed into the many sloughs and
side channels that make the Delta channel network so interesting. These net
channel flows and channel flow splits are almost independent of the tidal flows
and can be thought of as a net flow pattern that is superimposed on the basic tidal
flows in the Delta. From the Sacramento River side of the Delta, the first
possible diversion from the Sacramento River channel occurs at Sacramento,
where the flow from the Sacramento and American Rivers is diverted into the
Yolo Bypass channel through the Sacramento Weir.

The Sacramento Weir is a gated low dam along the west bank of the Sacramento
River about 3 miles upstream from its confluence with the American River.
When flood stages in the Sacramento River at the | Street Bridge reach 27.5 feet
msl (corresponding to a flow of about 96,000 cfs), the weir gates are manually
opened and flows are diverted into the Sacramento Bypass, which joins the Yolo
Bypass. The Sacramento Weir is a 1,850-foot-wide weir (48 gates) with a crest
elevation of 17.2 feet msl (corresponding to a river flow of 56,000 cfs). The
diversion flow fraction depends on the Sacramento River stage and the number of
gates that are opened. The Sacramento Weir diversion limits the Sacramento
River flow at Freeport to a maximum of about 100,000 cfs, with the highest
monthly average during the 16-year DSM2 simulation period being about
80,000 cfs.

Within the Delta, the first Sacramento River diversion is on the right bank
(looking downstream) into Sutter Slough, opposite Courtland. Steamboat
Slough, the favorite route for steamboats between San Francisco and Sacramento,
is also a right-bank diversion and is located 1.25 miles downstream from Sutter
Slough. All of the diverted water and fish are transported through Sutter and
Steamboat Sloughs or Miner Slough to Cache Slough, which rejoins the
Sacramento River at Rio Vista. These are well-shaded channels with excellent
aquatic habitat conditions.

Figure D-57 shows the diversion of flow into Sutter and Steamboat Sloughs. The
top figure shows the diversion of flow as a function of the Freeport flow. The
bottom figure shows the diversion of flow as a fraction of the Freeport flow. As
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the Freeport flow increases, the diversion flow entering these sloughs increases,
and the fraction of the flow diverted also increases as the Freeport flow increases
to about 25,000 cfs. Sutter Slough diverts about 25% of the Freeport flow, and
Steamboat Slough diverts about 20% of the Freeport flow at these higher flows.
When the DCC gates are closed (always closed at Freeport flows of more than
25,000 cfs), about 10% more of the Sacramento River flow is diverted into these
sloughs because the river stages at these slough diversions are slightly higher.

The Sutter Slough diversion fraction increases from about 20% at a river flow of
7,500 cfs to 25% at a flow of 20,000 cfs if the DCC is closed and from about
15% at a river flow of 7,500 cfs to 20% at a flow of 20,000 cfs if the DCC is
open. Steamboat Slough diverts about 12.5% at a Sacramento River flow of
7,500 cfs and about 17.5% at a river flow of 20,000 cfs if the DCC is closed and
about 5% less if the DCC is open.

Migrating fish (i.e., Chinook salmon, steelhead, American shad, striped bass)
moving downstream in the 25-45% of the Sacramento River flow that is diverted
into Sutter and Steamboat Sloughs have a relatively safe route through the Delta
to Suisun Bay. These fish are much less likely to be diverted into the central
Delta channels through the DCC and Georgiana Slough. Fish that enter the
central Delta may have a lower survival because of increased predation losses
and entrainment losses in agricultural diversions and the export pumping plants
in the south Delta. DSM2 accurately simulates these channel diversions along
the Sacramento River.

Sacramento River Diversions into Delta Cross Channel
and Georgiana Slough

The DCC was constructed by Reclamation in 1951 as part of the CVP to allow
more Sacramento River flow to move across the Delta toward the CVP Tracy
facility for the DMC. The DCC was designed to increase the net flow in the San
Joaquin River channel at Antioch, so that less salinity intrusion of Suisun Bay
water would move upstream toward the Rock Slough intake to the Contra Costa
Canal (CCC) and the CVP Tracy facility. The DCC was assumed to thereby
reduce salinity intrusion during periods of low Delta outflow.

The DCC design capacity (at low Sacramento River flows) was 3,500 cfs. The
DCC is a 1.25-mile-long channel that connects the Sacramento River to the
Mokelumne River channel through Snodgrass Slough. The DCC has a bottom
width of 210 feet, a top width of 366 feet, and a water depth of 26 feet, so that the
cross-sectional area is about 7,500 square feet. There are two manually operated
radial gates near the opening to the Sacramento River, just upstream of Walnut
Grove. The two DCC gates are each 60 feet wide and 30 feet tall. The
conveyance area is therefore about 3,000 square feet (assuming a water depth of
25 feet). The DCC gates are normally closed to prevent scouring around the
gates when the Sacramento River flow is above 25,000 cfs, indicating a DCC
diversion of about 6,000 cfs, with a velocity of about 2 feet/sec.
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Georgiana Slough is located just downstream of the DCC and connects to the
Mokelumne River channel near its mouth at the San Joaquin River.

Figure D-58 shows the diversions into the DCC and Georgiana Slough. The top
figure shows the diversions as a function of the Freeport flow. The bottom figure
shows the diversions as a fraction of the Freeport flow. As the Freeport flow
increases, the diversion flows entering the DCC and Georgiana Slough increase,
but the fraction of the flow diverted decreases as the Freeport flow increases to
about 25,000 cfs. At Freeport flows above 25,000 cfs, the DCC is assumed to be
closed to prevent localized scour at the gate structure, which was designed to
operate safely only at lower Sacramento River flows.

The DCC diverts about 25% of the Freeport flow, and Georgiana Slough diverts
about 15% of the Freeport flow at a Sacramento River flow of 20,000 cfs (with
the DCC open). The diversion fractions increase at lower flows, and the DCC
diverts about 33% and Georgiana Slough diverts about 22% at a Freeport flow of
7,500 cfs when the DCC gates remain open. A total of 50% of the Freeport flow
is diverted into the Mokelumne River and central Delta channels at Sacramento
River flows of less than 10,000 cfs with the DCC gates open. The DCC gates are
closed during some months (February—May) for fish protection to reduce the
fraction of migrating fish that enter the Mokelumne River and central Delta
channels, where survival is assumed to be less. The Georgiana Slough diversions
increase by about 5% of the Sacramento flow, but the net Sacramento River
diversions are reduced by at least 25% when the DCC is closed at low river
flows. This reduction is considered to result in substantial fish survival benefits
for striped bass larvae and migrating juvenile fish (e.g., Chinook salmon).

The DSM2 simulation of the DCC gates includes partial closure and full closure
in some months for fish protection. The DCC gates are assumed to be closed for
the entire month if Freeport flow is greater than 25,000 cfs. The DCC gates are
assumed to be closed 10 days in November, 15 days in December, and 20 days in
January. The DCC is closed every day in February—May for fish protection and
is closed 4 days in June. These closure requirements are part of the 1995 Bay-
Delta WQCP and are specified in State Water Board D-1641 that regulates the
CVP Tracy and SWP Banks facilities.

Figure D-59a shows the tidal flows in the DCC. The 10" percentile tidal flow in
the DCC increases as the average flow into the DCC increases, but only at low
Freeport flows (below 10,000 cfs) will the tidal flow during flood-tide periods
leave the DCC channel and flow into the Sacramento River. The average tidal
flow is about 3,000 cfs higher than the 10" percentile tidal flow, and the 90"
percentile tidal flows are about 3,000 cfs higher than the average flow,
suggesting that the normal tidal fluctuation in the DCC is about 3,000 cfs (above
and below the net flow moving into the DCC).

Figure D-59b shows the tidal flows in Georgiana Slough. The tidal flows are
about 500 cfs lower in Georgiana Slough when the DCC is open. The 10"
percentile tidal flows are about 1,500 cfs lower than the average flow, and the
90™ percentile tidal flows are about 1,500 cfs higher than the average flow when
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the Sacramento River flow is less than 20,000 cfs. As the Sacramento flow
increases, the tidal variation in Georgiana Slough becomes less because the stage
is higher and the tidal influence on stage and flow lessens. Nevertheless, there is
still a tidal fluctuation of 500 cfs above and below the average Georgiana flow of
11,000 cfs when the Sacramento River flow is 80,000 cfs.

Tidal Flow and Net Flow in Threemile Slough

Figure D-60a shows the tidal flows in Threemile Slough, which is the final
connecting channel between the Sacramento River and the San Joaquin River
prior to their confluence near Collinsville. The tidal flows are very large through
this relatively small channel, which winds between Sherman Island on the west
and Twitchell Island and Brandon Island on the east. The 10™ percentile tidal
flows are about —31,000 cfs (from the Sacramento River to the San Joaquin
River). The 90" percentile tidal flows are about 26,000 cfs. The net flow is
generally only about —1,000 to —2,000 cfs (from the Sacramento River to the San
Joaquin River). The corresponding 10" percentile and 90" percentile tidal
velocities are about 3 feet/sec.

Figure D-60b indicates that the net flow in Threemile Slough from the
Sacramento River to the San Joaquin River can be estimated as:

Threemile Slough Flow = 3% Rio Vista Flow — 16% San Joaquin Flow +
1,250 cfs

where San Joaquin River flow is the flow moving past Threemile Slough (i.e.,
Delta outflow minus the Rio Vista flow).

For example, if the Rio Vista flow was 10,000 cfs and the San Joaquin River
flow at Threemile Slough was 2,500 cfs (i.e., Delta outflow of 12,500 cfs), the
Threemile Slough flow would be about 1,150 cfs. The Threemile Slough net
flow increases slowly with increased Sacramento River flow and is reduced by
higher San Joaquin River flow. The net flow will become zero only when the
San Joaquin River flow is at least 10,000 cfs and the Rio Vista flow is less than
12,500 cfs (a very rare condition).

Tidal Flow and Net Flow in Montezuma Slough

Montezuma Slough is the main channel of the Suisun Marsh that connects with
the Sacramento River just downstream of Collinsville. Collinsville is another
important salinity monitoring station located about 16 miles upstream of
Martinez. There is usually a tidal flow in Montezuma Slough that moves into the
Sacramento River during flood-tide periods and moves into Suisun Marsh
channels during ebb-tide periods. The Montezuma Slough salinity control gates
(MSSCG) were constructed by DWR in 1989 to control (reduce) the flood-tide
flows and shift the net flows into the Suisun Marsh when salinity in the Suisun
Marsh channels was relatively high during the fall months. DSM2 assumes that
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the gates operate (close) just after low tide as the flood-tide flow begins to move
Suisun Marsh water into the Sacramento River. The gates then open on high tide
and allow the ebb-tide flows to move Sacramento River water into the Suisun
Marsh channels. These tidal gate operations are scheduled to provide a net
inflow of Sacramento River water for Suisun Marsh salinity control. DSM2
assumes that the gates operate during October—May.

Figure D-61 shows the tidal flow into Montezuma Slough for the 16-year DSM2
simulation period. The tidal flows when the gates are open range from a 10"
percentile tidal flow of —5,000 cfs (flood-tide flow from Suisun Marsh) to a 90"
percentile tidal flow of about 4,000 cfs (ebb-tide flow from Sacramento River).
The net flow when the gates are open is very small. When the gates are operated,
the ebb-tide flows remain about the same, but the flood-tide flows are reduced to
almost zero. The tidal gate operation provides an average inflow of about

1,750 cfs from the Sacramento River to the Suisun Marsh tidal channels.

This 1,750-cfs net flow diversion from the Sacramento River into Suisun Marsh
channels can be about half of the total Delta outflow during the late summer and
fall in low-flow years. The possible effects of these MSSCG operations on
salinity at Collinsville and other upstream locations in the Delta have not been
directly evaluated.

Tidal and Net Flow at Antioch

Antioch is located 4 miles above the mouth of the San Joaquin River (near
Collinsville) and about 19 miles upstream of Martinez. The tidal stage variations
at Antioch are slightly reduced compared to the tidal variations at Martinez. The
small surface water slope between Martinez and Antioch (of less than 1 foot) is
the driving force producing the tidal flows at this location.

Figure D-62 shows the monthly tidal stage range at Antioch for the 16-year
period. The tidal stage ranges from about —2 to 4 feet msl during most months.
The high tides are similar to those at Martinez. During periods of high outflow,
there is a slight increase between Martinez and Antioch. The high tides are about
0.25 foot lower at Antioch than at Martinez in most months. The 90" percentile
monthly tide elevations are similar at Antioch and Martinez. The low-tide values
are about 1 foot higher at Antioch than at Martinez. The 10" percentile monthly
tides are about 0.5 foot higher, with a 10™ percentile tidal stage of about —1 foot
during most months.

Figure D-63 shows that the tidal flows at Antioch are about 150,000 cfs during
the flood tide (10" percentile monthly flows of 150,000 cfs) and about
150,000 cfs during the ebb tide (90™ percentile monthly flows of 150,000 cfs).
These tidal flows in the San Joaquin River at Antioch are about half of the tidal
flow passing Chipps Island because about half of the Delta channel surface area
is located upstream of Antioch on the San Joaquin River and connecting
channels. The average (net flow) at Antioch is usually very small relative to the
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tidal flows. The net flow at Antioch can be negative during periods when the
DCC is closed and export pumping is high.

Tidal and Net Flows in Dutch Slough

Dutch Slough connects the San Joaquin River channel upstream of Antioch
through Big Break to Franks Tract and Old River. Dutch Slough is on the south
side of Jersey and Bethel Islands. Dutch Slough is the most downstream channel
connecting the San Joaquin River channel with the south Delta channels
(channels located south of the San Joaquin River).

Sand Mound Slough connects Dutch Slough with Rock Slough on the west side
of Holland Tract. Sand Mound Slough has flap gates to prevent upstream
movement of water from Dutch Slough to Rock Slough. These gates were
installed to reduce Rock Slough salinity when the CCC and pumping plants, with
a diversion capacity of 350 cfs, were constructed by the CVP in 1948.

Figure D-64 shows that the tidal flows in Dutch Slough are about 8,000 cfs
during flood tide and about 8,000 cfs during ebb tide. These tidal flows in Dutch
Slough correspond to channel velocities of about 2 feet/sec. The net flows in
Dutch Slough are usually slightly negative, indicating that some (generally less
than 200 cfs) of the San Joaquin River water from upstream of Antioch moves
upstream toward Franks Tract and Old River.

Tidal and Net Flows in False River and Fisherman’s Cut

False River and Fisherman’s Cut connect the San Joaquin River with Franks
Tract. False River is a wide channel between Jersey and Bradford Islands.
Fisherman’s Cut is a narrow channel between Bradford Island and Webb Tract.

Figure D-65 shows the tidal flows in False River. The tidal flows in False River
are about 45,000 cfs during ebb tide and about —45,000 cfs during flood tide.

The net flows are generally less than 1,000 cfs and are usually positive,
indicating a net flow from Franks Tract to the San Joaquin River. Even during
periods of high pumping at the CVP Tracy and SWP Banks facilities, False River
net flows do not reverse direction but continue to be positive from Franks Tract
to the San Joaquin River. This lack of reversal suggests that there is a net
circulation pattern of about 1,000-2,500 cfs around Webb Tract. Some net tidal
flow apparently moves into Franks Tract from the mouth of Old River but leaves
Franks Tract through the False River channel.

Figure D-66 shows the tidal flows in Fisherman’s Cut. Fisherman’s Cut is a
relatively small channel with tidal flows of about 4,000 cfs (10™ percentile flow
of —4,000 and 90™ percentile flow of 4,000 cfs). The net flow of less than 500 cfs
is positive, indicating a net flow from the San Joaquin River to False River, so
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the Fisherman’s Cut flow returns to the San Joaquin River through the False
River.

Tidal Stage and Flows in San Joaquin River at
San Andreas Landing

Figure D-67 shows the range of tidal stage in the San Joaquin River just
downstream of the Mokelumne River mouth (at San Andreas Landing) for the
16-year period. The tidal stage (10-90™ percentile stage) ranges from about —0.5
to 2.5 feet msl during most months. During periods of high San Joaquin River
flow, tidal stage values increase slightly. The maximum high tides are about

0.5 foot lower at San Andreas Landing than at Antioch in most months. The 90"
percentile monthly tide elevations are about 0.5 foot lower than at Antioch, but
the average tide elevation of 1 foot msl is the same as at Antioch. The minimum
low-tide values of about —1.5 feet msl are about 0.5 foot higher than at Antioch.
The 10™ percentile monthly tides of about 0.5 foot msl are about 0.5 foot higher
than at Antioch. The simulated tidal fluctuations are therefore reduced as the tide
propagates upstream from Antioch to San Andreas Landing.

Figure D-68 shows that the tidal flows at San Andreas Landing are about
100,000 cfs during flood tide (10™ percentile monthly flows of ~150,000 cfs and
90™ percentile monthly flows of 100,000 cfs). These tidal flows in the San
Joaquin River at San Andreas Landing are less than the tidal flow passing
Antioch because about one-third of the San Joaquin River channel surface area is
between these two stations. The average (net flow) at San Andreas Landing is
usually about 0 cfs because most of the Mokelumne River outflow (from the
DCC and Georgiana Slough) moves across the San Joaquin River into the Old
River channel. The net flow at San Andreas Landing can be negative (maximum
monthly reverse flow of —4,000 cfs simulated) during periods when the DCC is
closed and export pumping is high.

Tidal and Net Flows in Mokelumne River Channels

Figure D-69 shows the tidal flows at the Mokelumne River mouth, located just
upstream of San Andreas Landing. The tidal flows range from —15,000 to
20,000 cfs, with a net flow of about 3,000-6,000 cfs in most months. Most of
this flow is diversions from the Sacramento River that have moved through the
DCC and Georgiana Slough. Most of this Mokelumne River outflow moves
across the San Joaquin River and enters the Old River.

Some of the Mokelumne River flow (including Georgiana Slough and DCC
flow) moves through the adjoining channels north of the San Joaquin River
upstream (i.e., Potato, Little Potato, Disappointment, and Fourteenmile Sloughs)
and enters the San Joaquin River upstream of the mouth of the Mokelumne
River. Analysis of the simulated net flows indicates that about 75% of the total
Mokelumne River flow enters the San Joaquin River channel at the mouth of the
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Mokelumne River. About 20% of the total Mokelumne River flow moves
through Little Potato Slough and joins the San Joaquin River channel at Medford
Island, opposite the Middle River Mouth and Columbia Cut. Only small net
flows move through Potato, Disappointment, and Fourteenmile Sloughs.

Figure D-70 shows the tidal flows at the mouth of Potato Slough and the mouth
of Little Potato Slough. Potato Slough joins the San Joaquin River just 1 mile
upstream of the Mokelumne River mouth. Potato Slough flows along the north
side of Venice Island and connects to Little Potato Slough. Little Potato Slough
flows along the east side of Venice and Bouldin Islands and connects with the
South Fork Mokelumne River channel at the northeast corner of Bouldin Island.

The range of tidal flows in Potato Slough is constant. Regardless of the San
Joaquin River flow or the Mokelumne River flow, the Potato Slough tidal flows
fluctuate between about 12,000 cfs during the flood tide (10™ percentile tidal
flow of —12,000 cfs) and 11,000 cfs on the ebb tide (90™ percentile tidal flow of
11,000 cfs). The mean flow is almost always about 0 cfs, unless the San Joaquin
River flow is high. When the San Joaquin River flow is high, Potato Slough (as
well as Little Potato Slough) acts like a branch of the San Joaquin River flowing
around Venice Island.

The range of tidal flows in Little Potato Slough is much more variable. The
average tidal flow is about 1,000 cfs toward the San Joaquin River from the
Mokelumne River channels, but the magnitude of the average tidal flow varies
from about 500 to 1,500 cfs. Only during 1983, with very high San Joaquin
River flows, did the average tidal flow become negative. The tidal range is about
3,000 cfs, with ebb-tide flows of 2,000-3,000 cfs flowing into the San Joaquin
River channel and flood-tide flows of 01,000 cfs flowing from the San Joaquin
River into the Mokelumne River channels.

The tidal flow at the mouth of Disappointment Slough ranges from about

-5,000 cfs during flood tide and 5,000 cfs during ebb tide, with a net flow of just
500 cfs (5% of the total Mokelumne River flow). The tidal flow at the mouth of
Fourteenmile Slough is only about —500 cfs during flood tide and 500 cfs during
ebb tide. The net flow in Fourteenmile Slough is about O cfs.

Tidal and Net Flows at the Mouth of Old River

Figure D-71 shows the tidal and net flows at the mouth of the Old River channel,
located upstream of San Andreas Landing and the mouth of the Mokelumne
River. The mouth of Old River is the major connection into the south Delta
channels. The tidal flows range from about —20,000 cfs (10" percentile flows)
during flood tide to about 10,000 cfs (90" percentile flows) during ebb tide, with
a net flow of between —3,000 and —5,000 cfs. Some of this negative net flow is
caused by the tidal circulation pattern that apparently moves into Franks Tract
from the Old River mouth and exists from Franks Tract through False River. Net
flows at the mouth of Old River never become positive, even during high San
Joaquin River flows.
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The remainder of the net flow at the Old River mouth is determined by the total
exports and the net agricultural diversions in the south Delta (assumed in DSM2
[DICU module] to be about 40% of total net Delta depletions). If the head of Old
River flow from the San Joaquin River is less than the combined pumping and
south Delta net diversions, the net flow into Old and Middle River channels must
be negative to make up the difference. The remaining south Delta exports and
diversions must move through the Old River mouth, the Middle River mouth
(including Columbia Cut), Turner Cut, or Dutch Slough.

The simulated Dutch Slough net flows are usually negative (toward Franks tract)
but are generally less than 500 cfs and supply only about 5% of the net south
Delta exports and diversions. Analysis of the DSM2 results indicates that about
45% of the net south Delta exports and diversions enter through the Old River
mouth. About 40% of the net south Delta exports and diversions enter through
the Middle River mouth, and about 10% of the net flows enter through Turner
Cut. These fractions remain about the same for the full range of net exports and
diversions, which can be more than 10,000 cfs during periods of high pumping.

Tidal and Net Flows in Middle River

Figure D-72 shows the tidal and net flows in Middle River just upstream of the
confluence with Columbia Cut, which connects with the San Joaquin River on
the south side of Medford Island. The tidal flows range from —20,000 cfs

(10™ percentile flow) during flood tide to about 15,000 cfs (90™ percentile flow)
during ebb tide, with a net flow that varies from 0 to about —5,000 cfs. About
40% of the net south Delta exports and diversions move through Middle River.
The net flow at the Middle River mouth can become slightly positive during high
San Joaquin River flows.

Figure D-73 shows the tidal and net flows in Turner Cut. Turner Cut joins
Empire Cut, which connects with the Middle River channel just south of flooded
Mildred Island. The mouth of Turner Cut is located on the San Joaquin River at
river mile (RM) 32.5, about 10 miles upstream of the Mokelumne River mouth
and about 7 miles downstream of the upstream end of the Stockton Deep Water
Ship Channel. The tidal flows in Turner Cut range from about —4,500 cfs (10"
percentile flow) during flood tide to about 2,500 cfs (90™ percentile flow) during
ebb tide. The net flow is usually negative but can be positive during high San
Joaquin River flows (i.e., 1983 only). About 10% of the net south Delta exports
and diversions move through Turner Cut. The net tidal flows into Turner Cut
range from —200 cfs to about —1,000 cfs. These net flows in Turner Cut join with
Middle River net flows to supply the net south Delta exports and diversions.
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Tidal and Net Flows in the Stockton Deep Water Ship
Channel at Rough & Ready Island

Figure D-74 shows the range of tidal stage at Rough & Ready Island, located at
the Port of Stockton. DWR operates a tidal stage and water quality monitor at
this station. The minimum monthly tidal stage ranges from about —2 feet msl to
-1 foot msl, except when the San Joaquin River flows are high. The 10"
percentile tidal stage values are generally between —1 and —-0.5 foot msl. The
median tidal stage is about 1 foot msl, and the 90" percentile tidal stage values
are generally between 2.5 and 3.0 feet msl. The maximum tidal stage is usually
between 3.5 and 4.5 feet msl. This range of tidal fluctuation at Rough & Ready
Island is surprising because this location is about 39 miles upstream of the San
Joaquin River confluence near Antioch. Comparison with the simulated Antioch
tidal stage variation indicates that the minimum and 10" percentile tidal stage are
about 0.5 foot higher at Rough & Ready Island, and the 90" percentile and
maximum tidal stage are about 0.5 foot less at Rough & Ready Island. The
median tidal stage of about 1 foot msl is similar at Rough & Ready Island and
Antioch, except during periods of high San Joaquin River flow, when the stage at
Rough & Ready Island is raised to 2—3 feet msl.

Figure D-75 shows the tidal flows at Rough & Ready Island. The range of tidal
flow in the San Joaquin River at Rough & Ready Island is between about

-5,000 cfs during flood tide (10™ percentile tidal flow) and about 5,000 cfs during
ebb tide (90" percentile tidal flow). The net flow is often less than 500 cfs when
San Joaquin River at Vernalis flow is less than 2,000 cfs but increases to about
40% of the Vernalis flow during periods of higher San Joaquin River flow.
DSM2 indicates a few periods of negative net flow, although the USGS tidal
flow station at the discharge of the City of Stockton wastewater treatment plant
(about 3 miles upstream) has not measured any negative net daily flows since it
was installed in 1995.

Tidal and Net Flows in the Head of Old River

Figure D-76 shows the range of tidal stages in the head of Old River just
downstream of Mossdale. These tidal stages have been simulated without any
temporary rock weirs, which have often been installed by DWR during the fall
(September—December) to increase the San Joaquin River flows past Stockton to
improve the DO concentrations for migrating Chinook salmon. The tidal stage
range is higher at the head of Old River than at other Delta locations because
upstream San Joaquin River hydraulic conditions have a strong influence. The
minimum tidal stage is about 0 feet msl, and the 10" percentile tidal stage is
about 0.5 foot. The median tidal stage is between about 1 and 2 feet msl, and the
90™ percentile tidal stage is about 2.5 feet msl. The low tide elevations are about
1-2 feet above the corresponding tidal stage at Rough & Ready Island. The
higher tide elevations are about 0.5 foot lower than at Rough & Ready Island.
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Figure D-77 shows the tidal flows at the head of Old River. The mean tidal flow
is always positive and is about 60% of the Vernalis flow when the Vernalis flow
is more than 2,000 cfs. At lower river flow, the head of Old River flow is
influenced by the south Delta exports and diversions. The tidal flows are about
500 cfs more than the net flow during ebb tide (90™ percentile tidal flow) and
about 500 cfs less than the net flow during flood tide (10™ percentile tidal flow).
The minimum tidal flow is negative only if the net head of Old River flow is less
than 1000 cfs.

Figure D-78 shows how the head of Old River tidal flows are influenced by the
San Joaquin River flow at Vernalis. When the Vernalis flow is more than
10,000 cfs, there is no tidal flow variation (because the tidal stage is higher than
the high tide) and the head of Old River diversion is about 50% of the Vernalis
flow. The tidal variation is about 1,000 cfs above and below the average
diversion flow when the Vernalis flow is less than 5,000 cfs. When the Vernalis
flow is less than 2,500 cfs, the tidal variation is reduced and the net flow is
increased by higher pumping. Analysis of the DSM2 results indicates that the
diversion flow is about 50% of the Vernalis flow and is increased by about 5% of
the export pumping flow. Pumping of 10,000 cfs would increase the diversion
flow by about 500 cfs and would result in most of the San Joaquin River being
diverted when Vernalis flow was less than 1,000 cfs.

The head of Old River diversion from the San Joaquin River is similar to the
DCC diversion from the Sacramento River. The head of Old River diversion is
about 50% of the San Joaquin River flow at higher flows and is increased by
about 5% of the combined south Delta exports and diversions.

Stage and Velocity in the San Joaquin River at Vernalis

Vernalis is located on the San Joaquin River at RM 72 and is just upstream of the
tidal influence from the Delta. Vernalis is the upstream boundary for the DSM2
tidal flow and water quality model.

Figure D-79 shows the monthly flows at Vernalis for the 16-year period
simulated with DSM2 for the 2020 baseline conditions. Simulated Vernalis
flows are almost always between 1,000 and 2,500 cfs. Only a few high flows are
simulated for the winter months of wet years. The highest monthly average flow
during the 16-year period was just above 35,000 cfs in March and June of 1983.

Figure D-80 shows the stage and velocity at Vernalis as a function of flow (i.e.,
stage-discharge curve). The river stage and velocity increase with flow in a
manner typical of river cross sections with levees. The stage and velocity
continue to increase even at higher flows because the river width is confined by
levees. The flood warning level at Vernalis is about 29 feet, which corresponds
to a flow of about 32,500 cfs. DSM2 stage is slightly lower than the actual rating
curve for Vernalis, but there is not any large effect from this difference. The top
of the levee is about 37 feet msl, and the peak stage was recorded on January 5,
1997, at 35 feet msl.
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There is a flood control diversion weir downstream of Vernalis at Paradise Cut.
The weir notch in the left-hand levee is at elevation 12.5 feet and is 235 feet long.
The DSM2-simulated flood diversions begin at a Vernalis flow of about

15,000 cfs (Vernalis stage of 20 feet). DSM2 indicates that the Paradise Cut flow
will be half of the Vernalis flow in excess of 15,00 cfs. Paradise Cut therefore
diverts 5,000 cfs when the Vernalis flow is 25,000 cfs and diverts 10,000 cfs
when the Vernalis flow is 35,000 cfs.

The simulated tidal stage and tidal flows at additional south Delta locations are
shown in the next section, where the specific effects of export pumping on south
Delta tidal stage and flows are described and summarized.

Introduction to Tidal Hydraulics of
South Delta Channels

The SDIP components are located in the south Delta channels of Old River,
Middle River, and Grant Line Canal. The tidal hydraulics in these channels must
be accurately described and understood to allow the proper evaluation of the
existing conditions (i.e., water supply and water quality difficulties) and the
assessment of the expected improvements and potential impacts from the
proposed project alternatives.

Figure D-81 shows the San Joaquin River and south Delta channels, as well as
the existing CVP Tracy facility and Tracy Fish Facility for the DMC, CCF,
Skinner Fish Facility, and SWP Banks facility. The boundaries of the South
Delta Water Agency are outlined on the map. This section introduces the south
Delta channel geometry and illustrates some simple simulations of south Delta
tidal hydraulics. The south Delta can generally be defined as all Delta channels
and flooded islands located south and west of the San Joaquin River. The total
south Delta surface area is therefore about 16,600 acres, with a volume of
183,500 acre-feet (including the CCF). Table D-1 summarizes the south Delta
channel geometry data (obtained from DSM2 geometry files), as well as the
geometry for the remainder of the Delta.
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Table D-1. Summary of Delta Channel Geometry

DSM2 Delta Tidal Hydraulic and
Water Quality Modeling Methods and Results

Total Surface Area (acres) at

Elevation (feet msl)

Total VVolume (acre-feet) at

Elevation (feet msl)

Length
(Miles) -2 0 2 4 -2 0 2 4
Vernalis to Head of Old River 19.8 275 342 475 592 952 1,573 2,372 3,447
HOR to Stockton DWSC 145 326 346 365 384 2,097 2,769 3,480 4,229
DWSC to Turner Cut 135 743 757 770 783 12,276 13,776 15303 16,855
SJR Turner to Old River Mouth 17.8 1644 1684 1,720 1,753 30,788 34,117 37,521 40,995
Mouth of Old River to Jersey Point 21.5 4644 4754 4834 4884 98870 108272 117,865 127,587
Jersey Point to Confluence 33.3 8542 8680 8771 8839 156,280 173,166 190,276 207,543
HOR to Grant Line Canal 8.2 173 187 199 212 935 1,296 1,683 2,094
Old River at Grant Line to DMC 16.2 313 359 393 419 1,569 2,242 2,995 3,808
OR from DMC to Vict & West Canal 3.1 192 202 211 222 1,676 2,069 2,482 2,914
Old River Victoria to Rock Slough 25.9 1539 1,578 1,614 1645 17,688 20,805 23,997 27,257
Old River Rock Slough to Mouth 17.2 1228 1,280 1,312 1,340 16,941 19,449 22,043 24,696
Middle River Head to Victoria 12.3 126 167 204 230 363 656 1,028 1,462
Middle River Victoria to Mouth 46.0 3575 3,697 3,801 3,892 46929 54201 61,701 69,395
Sugar Cut and Tom Paine 4.6 111 115 119 122 312 538 772 1,013
Paradise Cut and Drainage Canal 6.2 148 165 171 177 522 840 1,177 1,525
Grant Line Canal 8.9 335 366 388 412 2,131 2,835 3,588 4,388
Victoria Canal (North Canal) 4.8 229 246 261 276 1,863 2,340 2,847 3,384
Franks Tract and Big Break 35.7 6,275 6,385 6,437 6,483 46,742 59,407 72,230 85,150
Mokelumne River Channels 461.0 4398 4639 4868 5075 46615 55656 65,165 75,109
Sutter and Steamboat Sloughs 36.2 951 1,023 1,070 1,111 7,477 9,452 11,547 13,728
Sacramento Ship Channel 29.7 1900 1,960 2,016 2,074 34,901 38,761 42,738 46,828
Cache Slough 21.7 123 1,273 1,309 1,339 14547 17,056 19,639 22,288
Sacramento River to Emmaton 56.5 5423 5562 5682 5783 82952 93,938 105,187 116,653
Suisun Bay 48.3 22,282 22,958 23,357 23,603 320,309 365,577 411,919 458,891
Suisun Marsh 110.7 12,390 12,624 12,775 12,881 42,281 66,932 91,976 117,264
Total Delta 1073.6 78,996 81,349 83,123 84,530 988,018 1,147,722 1,311,528 1,478,503
Upstream of Chipps Island 914.7 44,324 457766 46,991 48,046 625428 715213 807,634 902,348
South Delta Channels 178.4 16,124 16,616 16,980 17,301 150,743 183,499 217,108 251,397
Upstream of South Delta Gates 45.7 947 1,078 1,184 1,273 4,999 7,029 9,293 11,751
Clifton Court Forebay 2.0 2,140 2150 2,160 2,170 13,905 18,200 22,515 26,850
South Delta Channel Geometry

The geometry of the south Delta channels are summarized below to provide an

accurate understanding of the water volumes and the tidal and net flows in these

channels. There are only three pathways for water to enter the south Delta

channels as it moves toward the DMC and CCF. It can flow from the:
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m  San Joaquin River through the upstream end of Old River, called the head of
Old River, west toward Tracy;

m  Central Delta through Middle River along the eastern edge of Bacon Island
and Woodward Tract, and then southwest in Victoria Canal along the
southeast edge of Victoria Island; or

m Central Delta through Old River along the western edge of Bacon Island,
Woodward Tract, and Victoria Island.

San Joaquin River flow (measured at the Vernalis Bridge at RM 72) enters the
upstream end of the Old River channel at the head of Old River, located
downstream of Mossdale at RM 53.5. In the absence of CVVP Tracy and SWP
Banks pumping, about 50% of the San Joaquin River flow enters the Old River
channel, and the other 50% continues down the San Joaquin River channel
toward Stockton. During storm flows of greater than about 15,000 cfs at
Vernalis, the Paradise Cut Weir (elevation 12.5 feet) diverts some of the San
Joaquin River flow at RM 60 into Paradise Cut toward Grant Line Canal,
reducing the San Joaquin River flow at Mossdale and the head of Old River.

The San Joaquin River fish protection tidal gate will be located at the head of Old
River (fish control barrier at head of Old River) and can be used to control the
flow split from the San Joaquin River.

South Delta Channels within the Proposed Tidal Gates

This section describes the location, surface area, and volume of south Delta
channels and the locations of the proposed tidal gates.

Old River

Old River flows west from the head of Old River. Middle River is approximately
4 miles downstream of the head of Old River, and Doughty Cut (which connects
Old River with the eastern end of Grant Line Canal), Paradise Cut, and Tom
Paine Slough/Sugar Cut are about 8 miles downstream from the head of Old
River. The Old River channel in the vicinity of Tracy is the southernmost Delta
channel influenced by tides.

The length of Old River between the head of Old River and Grant Line Canal is
about 8 miles, with a surface area of about 187 acres and a volume of 1,296 acre-
feet. The length of Old River between Grant Line Canal and the DMC is about
16 miles, with a surface area of about 359 acres and a volume of 2,242 acre-feet.

One of the proposed tidal gates will be constructed on Old River just upstream of
the DMC. Most of the water in Old River flows through Doughty Cut to Grant
Line Canal. These south Delta channel geometry values are given in Table D-1.
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Middle River

Middle River is a relatively narrow and shallow channel that extends 12 miles
from Old River to Victoria Canal. The channel has been dredged wider and
deeper in the lower 4 miles from Victoria Canal to between the Tracy Boulevard
Bridge and the Howard Road Bridge. The surface area of Middle River is about
167 acres, with a volume of 656 acre-feet. One of the proposed tidal gates will
be constructed near the confluence with Victoria Canal to protect this reach of
Middle River.

Grant Line Canal

Grant Line Canal is the common name for what are actually two parallel canals.
Grant Line Canal is about 9 miles long and begins at the Doughty Cut on the east
and continues to its mouth at Old River just north of the DMC. Fabian and Bell
Canal begins near the Tracy Boulevard Bridge and continues for about 6 miles
parallel to Grant Line Canal, rejoining the downstream end of Grant Line Canal
near where the canal rejoins Old River. The two canals are interconnected at
numerous points between the remaining channel islands. The surface area of
Grant Line Canal is about 366 acres, with a volume of about 2,835 acre-feet.
One of the proposed tidal gates will be constructed at the downstream end of
Grant Line Canal near the confluence with Old River near the DMC and CCF.

Paradise Cut

Paradise Cut is essentially a dead-end tidal slough connected to Old River. Itis
about 6 miles long, with a surface area of 165 acres and a volume of 840 acre-
feet. Water level changes are expected to be similar to those in Old River. Old
River at Tracy Boulevard Bridge is used as the reference station.

Tom Paine Slough

Tom Paine Slough is about 5 miles long and has been isolated from tidal
influence with siphons. It is operated as a lake to supply several irrigation
diversions. DWR and the South Delta Water Agency dredged portions of the
channel in 1986 and installed new siphons in 1989. The CCF operations (i.e.,
schedule) were modified to reduce SWP Banks diversions during the flood-tide
period of the higher-high tide to increase the water level maintained in Tom
Paine Slough. Tom Paine Slough has a surface area of 64 acres and a volume of
168 acre-feet. Sugar Cut extends about 2 miles south of the siphons to Tom
Paine Slough, with a surface area of 36 acres and a volume of 268 acre-feet.
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Old River, Middle River, and Grant Line Canal between the
Four Proposed Tidal Gates

The total surface area in the main channels of Old River, Middle River, and
Grant Line Canal between the four proposed south Delta tidal gates is about
1,100 acres, with a volume of 7,300 acre-feet. As the tidal elevation fluctuates,
the surface area and volume will change, as indicated in Table D-1. For the
average tidal fluctuation of 3 feet (i.e., from —1.0 to 2 feet msl), the surface area
will increase from 1,000 to 1,200 acres, and the volume will increase from about
6,000 to 9,500 acre-feet, a change of about 3,500 acre-feet. This change between
the low tide and the high tide will occur in the south Delta channels twice each
day. It represents an average tidal flow of about 3,500 cfs flowing into these
channels during the flood tides (for about 12 hours each day) and about 3,500 cfs
flowing out of these channels during the ebb tides.

South Delta Channels Downstream of the
Proposed Barriers

This section describes the channels that convey the tidal flows into and out of the
south Delta.

Clifton Court Forebay

The CCF was completed in 1969 to provide a short-term storage forebay to
reduce the tidal fluctuations at the SWP Banks facility and allow off-peak power
(i.e., nighttime) to be used to pump water into the California Aqueduct. The CCF
has a surface area of 2,180 acres and a volume of 31,260 acre-feet at a maximum
water surface elevation of 6 feet msl. However, the CCF operates at an average
water surface elevation of only about 0 feet msl. Table D-1 indicates that the
surface area of the CCF at 0 feet msl is about 2,150 acres and the volume is about
18,200 acre-feet. The CCF intake structure is located on Old River just north of
the mouth of Grant Line Canal. The intake channel is about 300 feet wide, and
there are five radial gates with widths of 20 feet each. The water depth in the
channel is about 15 feet at a water surface elevation of 0 feet msl. The CCF
intake was designed for a maximum flow of 16,000 cfs, at a water velocity of
about 10 feet/sec, with a water surface difference (i.e., head) of 1 foot. The
maximum design flow is maintained by closing the gates to limit the flow when
the water elevation difference between Old River and the CCF is greater than

1 foot.

West Canal

West Canal forms the eastern boundary of the CCF along the western edge of
Coney Island. Old River flows around the eastern edge of Coney Island. Old
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River and West Canal between the DMC and Victoria Canal have a surface area
of 202 acres and a volume of 2,069 acre-feet.

Victoria Canal

Victoria Canal connects Middle River to Old River just north of Coney Island.
Victoria Canal is the common name for the Victoria Canal along the southeastern
edge of Victoria Island and the parallel North Canal along the northwestern edge
of Union Island. Victoria Canal (including North Canal) is about 5 miles long
and has a surface area of 246 acres and a volume of 2,340 acre-feet.

Old River

Old River continues north past Victoria Island, Woodward Island, Bacon Island,
Holland Tract, and Franks Tract, which is a flooded island, to its mouth (i.e.,
downstream end) at the San Joaquin River. About half of the water entering the
south Delta on its way to the CVP Tracy and SWP Banks facilities flows in this
portion of the Old River channel. Old River from Victoria Canal to its mouth at
the San Joaquin River is about 20 miles long, with several bends and meanders in
the channel. The surface area is about 1,600 acres from Victoria Canal to Rock
Slough and 1,280 acres from Rock Slough to the mouth. The Old River volume
is about 20,000 acre-feet from Victoria Canal to Rock Slough (including Rock,
Indian, and Italian Sloughs and Discovery Bay) and another 20,000 acre-feet
from Rock Slough to the mouth (not including Franks Tract).

Franks Tract

Franks Tract connects with the San Joaquin River through False River,
Fisherman’s Cut, and Dutch Slough to Big Break. The surface area of these
channels and flooded islands is about 6,400 acres, with a volume of about
60,000 acre-feet.

Middle River

Middle River channel extends north from Victoria Canal along Victoria Island,
Woodward Island, and Bacon Island. Turner Cut and Empire Cut connect the
San Joaquin River to Middle River near the middle of Bacon Island. Mildred
Island, which is flooded, is located just downstream (north) of Empire Cut.
Middle River continues north along Mandeville Island and splits around both the
eastern side of Medford Island in Columbia Cut and around the western side of
Medford Island to its mouth at the San Joaquin River. The mouth of Middle
River is located only about 3 miles upstream of the mouth of the Old River. The
Middle River channels north of Victoria Canal have a surface area of 3,700 acres,
with a volume of 54,200 acre-feet. The channels include Turner/Empire and
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Columbia Cuts, which connect with the San Joaquin River; three channels that
connect to Old River; and flooded Mildred Island. About half of the water
flowing through the Delta is drawn from the Sacramento River into the
Mokelumne River. The water then flows into the central Delta and down Middle
River to Victoria Canal and toward the CVP Tracy and SWP Banks facilities.

Simulated Effects of Pumping on Tidal Hydraulics of
the South Delta

This section presents DSM2 results for August 1997 with the San Joaquin River
flow at Vernalis set to 1,500 cfs, measured Martinez tides and Sacramento River
daily inflows, and no south Delta channel barriers or tidal gates. Three pumping
scenarios were simulated and compared to the no-pumping conditions:

m  CVP Tracy pumping at a constant 4,600 cfs,

m  SWP Banks pumping at 6,680 cfs added to the CVP Tracy pumping, and

m  SWP Banks pumping at 8,500 cfs added to the CVVP Tracy pumping.

These comparisons identify the maximum tidal effects of the CVP Tracy and
SWP Banks pumping with no temporary barriers or tidal gates. These model
results are considered typical of the maximum potential effects of the CVP Tracy
facility and the maximum allowed SWP Banks pumping with associated CCF
gate operations. Results for SWP Banks pumping of 6,680 and 8,500 cfs, in
addition to CVP Tracy pumping of 4,600 cfs, are used to demonstrate the
maximum likely effects of increased SWP Banks pumping during the summer
without temporary barriers. Table D-2 gives a summary of these tidal flows and

stage simulation results. Simulated tidal stage and flow results are presented for
the following nine channel locations:

m  Old River at Bacon Island,

m  Middle River at Bacon Island,

m  head of Old River,

m  Old River at Clifton Court Ferry,

m  CCF intake gates,

m  Old River at Tracy Boulevard Bridge,

m  Grant Line Canal at Tracy Boulevard Bridge,
m  Middle River at Mowry Bridge, and

m  Middle River at Tracy Boulevard Bridge.
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Table D-2. Simulated August 1997 Net Channel Flow in South Delta Channels for a Range of Central

Valley Project and State Water Project Exports

A. Net Channel Flows (cubic feet per second)

State Water Project 0 0 6,680 8,500 10,300 ®

Central Valley Project 0 4,600 4,600 4,600 4,600
Delta Outflow 5,000 5,000 5,000 5,000 5,000
Sacramento River at Freeport 5,864 10,464 17,144 18,964 20,764
San Joaquin River 1,500 1,500 1,500 1,500 1,500
Head of Old River 895 1,078 1,342 1,393 1,452
San Joaquin River at Stockton 605 422 158 107 48
Turner Cut -130 -473 -957 -1,098 -1,236
Middle River at Mouth -94 -1,918 -4,524 -5,241 -5,944
Mouth of Old River -2,260 -3,632 -5,518 -6,024 -6,514
False River at Franks Tract 1,770 1,239 353 103 -148
Dutch Slough 0 -250 -550 -650 -750
Old River at Bacon Island 382 -1,510 -4,355 -5,142 -5,901
Middle River at Bacon -177 -2,428 -5,626 -6,518 -7,406
Grant Line Canal at Tracy Blvd Bridge 552 692 980 1,042 1,118
Old River at Tracy Boulevard Bridge 102 164 176 173 168
Middle River at Tracy Boulevard Bridge -17 -36 =72 -79 -87
Total Inflow to South Delta 1,607 6,111 12,538 14,304 16,044
Total Exports (CVP and SWP) 0 4,600 11,280 13,100 14,900
B. Flow Entering South Delta That Does Not Come from Head of Old River (cubic feet per second)
Total Flow Not from Head of Old River 713 5,034 11,196 12,910 14,592
Percent from Turner Cut 18 9 9 9 8
Percent from Middle River 13 38 40 41 41
Percent from Old/False River 69 48 46 46 46
Percent from Dutch Slough 0 5 5 5 5

®  Shown for comparison purposes only.

Review of the DSM2 results indicates that the effects of both constant CVP
Tracy pumping at 4,600 cfs and the tidal diversion of water into CCF for SWP
Banks pumping will cause an increase in the flows moving from the San Joaquin
River toward the pumping plants. The increased flow will move along three
main pathways from the San Joaquin River. These pathways are from the:

m  head of Old River to Grant Line Canal and then down Old River and Grant
Line Canal to the DMC;

m  mouth of Middle River, and also Columbia and Turner Cuts, up Middle

River to Victoria Canal and then to Old River; and
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m  mouth of Old River up past Franks Tract to the CCF intake gates and the
DMC.

The effects of the CVP Tracy and SWP Banks pumping on tidal stage elevations
in the south Delta can be detected at head of Old River but cannot be detected at
the mouth of Middle River or the mouth of Old River. Details of how pumping
changes tidal stages and flows in the south Delta channels will be described in
the following sections.

Old River at Bacon Island

Figure D-82 shows the simulated tidal stage at the Bacon Island station on Old
River, which is just upstream (i.e., south) of Rock Slough. The USGS-operated
UVM tidal flow station has measured 15-minute tidal stage and flow data since
1987. This station is located about 10 miles north of the DMC.

Maximum CVP Tracy and SWP Banks pumping has almost no effect on the tidal
stage at this location. With no pumping, the high tides reach 4.1 feet msl, and the
low tides drop to about —0.5 foot msl. The maximum CVP Tracy and SWP
Banks pumping reduces the high-tide stages by only about 1 inch and reduces the
low-tide stages by about 2 inches. The average tidal variation remains about

3 feet at this station.

Figure D-83 shows the effects of 4,600 cfs of CVP Tracy pumping on Old River
flows at Bacon Island: the tidal flows are reduced (more negative or in upstream
direction) by about 2,000 cfs during all tidal periods. This reduction in tidal flow
suggests that the water surface slope in the vicinity of Old River at Bacon
increases slightly throughout the tidal cycle. The tidal flows are relatively high
in Old River, with maximum downstream (ebb-tide) flows of about 10,000 cfs
and maximum upstream (flood-tide) flows of about 12,500 cfs. The maximum
CVP Tracy pumping shifts all of the tidal flows by about 2,000 cfs in the
upstream direction. The CVP Tracy pumping flow is superimposed onto the tidal
flows in Old River.

Figure D-84 shows the effects of adding SWP Banks pumping at 6,680 and
8,500 cfs to 4,600 cfs of CVP Tracy pumping. CCF intake gates were assumed
to remain open unless the CCF stage was higher than the Old River stage. The
CCF gate flow will increase as the tidal stage increases and was assumed to be
about 7,500 cfs at a stage difference of 1.0 foot. The effects of the SWP Banks
tidal diversions, which generally increase at higher tides, are more complex than
the effects from the constant CVP Tracy pumping. The tidal flows are reduced
by about 3,000 cfs at the lowest values (stronger upstream flow) and by as much
as 8,000 cfs during periods of highest flow (reduced downstream flow). The
tidal flows in Old River are almost “captured” by the 8,500-cfs SWP Banks
pumping, with only a few hours of downstream flow each day.

Table D-2 indicates that the net flow in Old River at Bacon Island is reduced
from =177 cfs to —2,428 cfs by the 4,600 cfs of CVP Tracy pumping. The Old
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River net flow is reduced to -5,626 cfs with 6,680 cfs of SWP Banks pumping
and to —6,518 cfs with 8,500 cfs of SWP Banks pumping. This reduction
suggests that about 48% of the flow moving toward the CVP Tracy and SWP
Banks facilities from the San Joaquin River will flow through the Old River
pathway. Therefore, about half of the export pumping flow change (i.e., 892 cfs
more upstream flow if the SWP Banks pumping is increased from 6,680 to

8,500 cfs) will be observed at the Bacon Island station on Old River. The tidal
stage changes will be very difficult to measure because the average tidal variation
of 3 feet is so much greater than the 2-inch maximum difference at low tides.

Middle River at Bacon Island

Figure D-85 shows the simulated tidal stage at the Bacon Island station on
Middle River, which is just downstream (i.e., north) of Woodward Canal,
connecting Old River and Middle River between Bacon and Woodward Islands.
Turner Cut and Columbia Cut join Middle River downstream of this station, so
all of the flow from the San Joaquin River moving through Middle River passes
this station. Another USGS UVM tidal flow station has measured 15-minute
tidal stage and flow data in Middle River since 1987. This station is located
about 15 miles north of the DMC (along Victoria Canal and Middle River).

There is almost no effect of maximum CVP Tracy (4,600 cfs) and maximum
SWP Banks pumping (8,500 cfs) on the tidal stage at this location. With no
pumping, the high tides reach 4.1 feet msl, and the low tides drop to about

-0.5 foot msl. The maximum CVP Tracy and SWP Banks pumping reduces the
high-tide stages by about 1 inch and reduces the low-tide stages by about

2 inches. The tidal variation remains about 3 feet at this station. The tidal stage
variation in Middle River is similar to the tidal stage variation in Old River
because they are both controlled by San Joaquin River tidal variation.

Figure D-86 shows the effects on flows caused by CVP Tracy pumping of

4,600 cfs at the Bacon Island station on Middle River: the flows are reduced by
about 2,500 cfs during the entire tidal cycle. This reduction suggests that the
water surface slope in the vicinity of Middle River at Bacon Island increases
slightly throughout the tidal cycle. The tidal flows without any pumping are
slightly higher than in Old River, with maximum downstream (ebb-tide) flows of
about 12,500 cfs and maximum upstream (flood-tide) flows of about 15,000 cfs.

Figure D-87 shows the effects from 6,680 and 8,500 cfs of SWP Banks pumping
in addition to 4,600 cfs of CVP Tracy pumping on tidal flows in Middle River at
Bacon Island. The effects of the SWP Banks tidal diversions into the CCF,
which generally increase at higher tides, are more complex than the effects from
the constant CVP Tracy pumping. The tidal flows are reduced by about 5,000 cfs
at the lowest values (upstream flow) and are reduced by as much as 10,000 cfs
during periods of highest flow (downstream flow). The reductions caused by
6,680 cfs of SWP Banks pumping are more variable than the changes caused by
8,500 cfs of SWP Banks pumping because the higher pumping causes the
diversions into the CCF to be more sustained throughout the tidal cycle.
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Table D-2 indicates that the net flow in Middle River at Bacon Island is reduced
from 381 cfs (downstream) to —1,510 cfs by the 4,600 cfs of CVP Tracy
pumping. The Middle River net flow is reduced to —4,355 cfs with 6,680 cfs of
SWP Banks pumping and to -5,142 cfs with 8,500 cfs of SWP Banks pumping.
This reduction suggests that about 42% of the net flow moving toward the CVP
Tracy and SWP Banks facilities from the San Joaquin River will use the Middle
River pathway. For the maximum change in SWP Banks pumping from 6,680 to
8,500 cfs, about 787 cfs more flow will move upstream past the Middle River at
Bacon Island station.

In summary, the tidal stage variations are similar at Old River and Middle River.
Tidal flow variations are slightly stronger in Middle River than in Old River, yet
the net flow is simulated to be slightly higher in Old River. Although the USGS
UVM stations indicate that Middle River net flow is generally higher than Old
River net flow, the DSM2 channel geometry and Manning’s n coefficients have
not been adjusted to match the measured flow split between Old River and
Middle River.

Head of Old River

Figure D-88 shows the simulated tidal stage at the head of Old River. The head
of Old River is located about 24 miles upstream of the DMC. Without any CVP
Tracy or SWP Banks pumping, tidal variations at the head of Old River range
from a high tide of about 4.0 feet msl during the spring-tide period to a low tide
of about 1.0 foot msl. Additionally, Figure D-88 shows that the 4,600-cfs
constant pumping at the CVP Tracy facility reduces the tidal stage by about

2 inches at low tide and about 4 inches at high tide.

Figure D-89 shows the effects of SWP Banks pumping on the tidal elevations at
the head of Old River. The tidal variations at the head of Old River station are
reduced by the SWP Banks pumping and tidal diversions into CCF. The high-
tide values are reduced by about 12 inches compared to the no-pumping
conditions, while the low-tide values are reduced by only about 6 inches.

The reduced tidal stage increases the flow from the San Joaquin River at
Mossdale into Old River and produces a higher net flow into the head of Old
River. CVP Tracy and SWP Banks pumping does not lower the San Joaquin
River stage at Mossdale sufficiently to produce a net upstream flow from
Stockton, unless the total pumping is more than 10 times the San Joaquin River
flow at Vernalis. Higher pumping will cause a greater fraction of the San
Joaquin River flow to be diverted into Old River.

Figure D-90 shows the simulated tidal flows and stages at the head of Old River
for no-pumping and CVP Tracy 4,600-cfs pumping conditions for a 7-day period.
The highest tidal flows from the San Joaquin River into Old River occur at the
beginning of the flood tide as the tide begins to rise and tidal flow moves
upstream from Stockton toward Mossdale. A portion of this flood-tide flow turns
down into Old River at the same time that downstream flow from Mossdale
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moves into Old River. During most of the ebb tide, approximately 1,000 cfs
flows from the San Joaquin River into Old River, with the Vernalis flow at
1,500 cfs. However, there is a short period at the end of each flood tide (i.e.,
during high “slack” water) when the tidal stage in Old River can be slightly
higher than the tidal stage in the San Joaquin River, and the tidal flow in Old
River moves upstream into the San Joaquin River for about an hour. This brief
period of upstream flow is almost eliminated by the maximum CVP Tracy
pumping of 4,600 cfs because of the reduction in Old River.

Table D-2 indicates that flow from the San Joaquin River in Old River is about
895 cfs with no CVP Tracy or SWP Banks pumping and south Delta agricultural
diversions of about 1,000 cfs and CCWD diversions of 207 cfs. This flow is
equal to approximately 60% of the Vernalis flow. This flow is increased to
1,078 cfs with CVP Tracy pumping of 4,600 cfs and is increased to 1,342 cfs
with the SWP Banks pumping of 6,680 cfs. The head of Old River diversion is
1,393 cfs with SWP Banks pumping of 8,500 cfs. These increases in flows into
Old River are equal to about 4% of the export pumping.

Old River at Clifton Court Ferry

The Old River at Clifton Court Ferry station is just downstream of the mouth of
Grant Line Canal and about 1 mile north of the DMC. The tidal stages at this
station are directly influenced by CVP Tracy and SWP Banks pumping.

Figure D-91 shows the simulated tidal stages at Clifton Court Ferry for CVP
Tracy pumping of 4,600 cfs. The constant pumping at CVP reduces the stage in
Old River about 6 inches uniformly at all tidal stages. This drawdown of

6 inches provides the required change in water surface slope along Old River to
help supply 4,600 cfs to the CVP Tracy intake.

Figure D-92 shows the effects of SWP Banks pumping of 6,680 and 8,500 cfs on
the Clifton Court Ferry stages. The low tides are not lowered by as much as the
higher stages because the diversions into CCF are generally much less during
periods of low tide. The 8,500-cfs SWP Banks pumping reduces the high-tide
stages by 18-24 inches, depending on the CCF gate diversions, while the low
tides at Clifton Court Ferry are reduced by only about 6 inches. The low-tide
reductions at all other south Delta locations will be less than the 6 inches that was
simulated at both Clifton Court Ferry and at the head of Old River. The
difference in low-tide reduction between SWP Banks pumping of 6,680 and
8,500 cfs is simulated to be less than 2 inches at both the Clifton Court Ferry and
head of Old River stations.

Figure D-93 shows the corresponding changes in tidal flows in Old River at
Clifton Court Ferry. The CVP Tracy pumping reduces the flow by about

4,000 cfs throughout the tidal cycle. All of the CVP Tracy pumping flow not
supplied through the head of Old River must come south from Middle River or
Old River and flow past the Clifton Court Ferry station. The general effect of the
SWP Banks pumping of either 6,680 or 8,500 cfs is to reduce the tidal
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fluctuations in the south Delta upstream of the CCF intake gates and thereby
reduce the tidal flows moving past Clifton Court Ferry into either Grant Line
Canal or Old River upstream of the DMC. The tidal flows at Clifton Court Ferry
without CVP Tracy or SWP Banks pumping ranged from 7,000 cfs (downstream)
to —7,000 cfs (upstream). SWP Banks pumping and diversions into CCF reduce
the tidal flows to a range from about 2,000 cfs (downstream) to about —8,000 cfs
(upstream).

Clifton Court Forebay Intake Gates

Figure D-94 shows the simulated diversions into CCF for the last 7 days of
August 1997 with SWP Banks pumping of 6,680 and 8,500 cfs. The diversions
follow the tide and are reduced to O cfs for portions of the tidal cycle each day for
the 6,680 cfs pumping simulations because the Old River stage becomes less than
the CCF stage during the lowest tide each day. The diversions with 8,500-cfs
pumping are generally higher because the CCF stage is reduced by the higher
pumping rate (simulated as constant SWP Banks pumping). When pumping
8,500 cfs, the CCF stage is reduced enough to remain lower than the Old River
throughout the tidal cycle, so diversions are not stopped during the day. The
8,500 cfs pumping will reduce the CCF stage by about 6 inches, but the effect on
Old River stage will be less than 2 inches.

Figure D-95 shows that the simulated diversion flow is proportional to the square
root of the stage difference. The actual diversion flow capacity of the CCF
intake gates may be higher than the value used in these simulations. This higher
capacity would allow the diversions to increase more rapidly as the Old River
elevation rises and allow CCF stage to remain higher. However, the peak
diversion into CCF is limited to a maximum of about 15,000 cfs to prevent
localized scouring. The higher SWP Banks pumping of 8,500 cfs will increase
the duration of the higher diversion flows but will not actually produce any
higher diversion flows because they are already limited to the maximum design
capacity of about 15,000 cfs.

Old River at Tracy Boulevard Bridge

Figure D-96 shows the simulated tidal stage in Old River at the Tracy Boulevard
Bridge station. The Tracy Boulevard Bridge is located about 9 miles upstream of
the DMC and about 2 miles downstream of the Doughty Cut. The tidal stage
variation at this location without CVVP Tracy or SWP Banks pumping is almost
the same as the tidal stage variation at Old River at Bacon Island (Figure D-82).
The high tide is about 4.0 feet, and the low tide is about 0 foot msl. The low tide
at Tracy Boulevard Bridge is apparently influenced by the higher-tide elevation
at the head of Old River that is caused by the San Joaquin River flows. The
effect of the maximum CVP Tracy pumping of 4,600 cfs is to reduce the stage at
Tracy Boulevard Bridge by about 6 inches throughout the tidal range. The rising
tides are reduced a little more than the falling tides because the rising-tide flow
moves past the DMC and is diverted, whereas the falling-tide flow moves from
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upstream past the Tracy Boulevard Bridge and is less affected by the CVP Tracy
pumping.

Figure D-97 shows the simulated tidal variation at the Tracy Boulevard Bridge
station on Old River with CVP Tracy pumping of 4,600 cfs and SWP Banks
pumping of 6,680 cfs, compared with SWP Banks pumping of 8,500 cfs. The
SWP Banks pumping reduces the Tracy Boulevard Bridge stage by an additional
3-6 inches at the low tide, resulting in a low tide of about —1.0 foot msl. The
SWP Banks pumping has a larger effect on the high tides at Tracy Boulevard
because more of the flood-tide flows moving upstream in Old River are diverted
into CCF, so Old River and Grant Line Canal do not fill as high as when there is
no pumping. The high tides at Tracy Boulevard are reduced by 18-24 inches
from the no-pumping conditions. The additional effects of the 8,500-cfs SWP
Banks pumping compared with the 6,680-cfs SWP Banks pumping are very
small, generally about 2 inches throughout the tidal range.

The highest tides are reduced from 4.0 feet msl to only about 2.5 feet msl. This
reduction may have an effect on the water level that can be maintained in Tom
Paine Slough, which is connected to Old River with siphons and tidal gates.

Figure D-98 shows the tidal flows at Tracy Boulevard Bridge. Without any CVP
Tracy or SWP Banks pumping, the tidal flows range from about 600 cfs during
ebb tide (downstream) to about —400 cfs during flood tide (upstream). During
maximum CVP Tracy pumping, the ebb-tide flows do not changed, but the flood-
tide flows are reduced by about 200 cfs. With SWP Banks pumping of 6,680 or
8,500 cfs, the tidal flows range from about 500 cfs during the ebb tide to about
-200 cfs during the flood tide.

Table D-2 indicates that the net flow in Old River is about 102 cfs when there is
no pumping. Net flow is increased to about 164 cfs with 4,600 cfs of CVP Tracy
pumping. This increase indicates that most of the flow from the head of Old
River is moving down Grant Line Canal to the DMC. SWP Banks pumping of
6,680 or 8,500 cfs does not increase the net flow at Tracy Boulevard Bridge by
more than 10 cfs. The SWP Banks pumping only increases the head of Old River
flow by about 300 cfs, and almost all of this water moves down Grant Line Canal
to the CCF intake gates. CVP Tracy and SWP Banks pumping will lower the
tidal stage in Old River at Tracy Boulevard Bridge and will reduce the flood-tide
flows but will have only a slight effect on the net flow in Old River between
Doughty Cut and the DMC.

Grant Line Canal at Tracy Boulevard Bridge

Figure D-99 compares the no-pumping tidal stage variation in Grant Line Canal
at Tracy Boulevard Bridge station with CVP Tracy pumping of 4,600 cfs. The
Tracy Boulevard Bridge is located near the upstream end of Grant Line Canal,
about 5.5 miles upstream of the mouth of Grant Line Canal near the DMC and
CCF intake gates. The Grant Line temporary barrier is installed each year at this
location. The tidal stage variation at this location without CVP Tracy or SWP

South Delta Improvements Program October 2005
Appendices to the Draft Environmental Impact D-59
Statement/Environmental Impact Report J&S 02053.02



U.S. Department of the Interior, Bureau of Reclamation, DSM2 Delta Tidal Hydraulic and
and the California Department of Water Resources Water Quality Modeling Methods and Results

Banks pumping is almost the same as the tidal stage variation at Old River at
Bacon Island (Figure D-82). The high tide is about 4.0 feet, and the low tide is
about —0.25 foot. The low tide is apparently influenced by the higher-tide
elevation at the head of Old River that is caused by San Joaquin River flows.
The effect of the maximum CVP Tracy pumping of 4,600 cfs is to reduce the
tidal stage in Grant Line by about 6 inches throughout the tidal range. The rising
tides are reduced a little more than the falling tides because the rising-tide flow
from Old River is diverted into the DMC, whereas the falling tide flow is moving
from upstream past the Tracy Boulevard Bridge and is less affected by the CVP
Tracy pumping.

Figure D-100 shows the tidal variation in Grant Line Canal at Tracy Boulevard
Bridge station with CVP Tracy pumping of 4,600 cfs and SWP Banks pumping
of 6,680 cfs, compared with SWP Banks pumping of 8,500 cfs. The SWP Banks
pumping reduces the Tracy Boulevard Bridge stage by an additional 3-6 inches
at the low tide, resulting in a low tide of about —1.0 foot msl. The SWP Banks
pumping has a larger effect on the high tides in Grant Line Canal because more
of the flood-tide flows moving upstream in Old River are diverted into CCF. The
higher tides in Grant Line Canal are reduced by 18-24 inches from the no-
pumping conditions. The additional effects of the 8,500-cfs SWP Banks
pumping compared with the 6,680-cfs SWP Banks pumping are very small,
generally about 2 inches throughout the tidal range. The highest tides in Grant
Line Canal are reduced from 4.0 feet msl to only about 2.5 feet msl.

Figure D-101 shows the tidal flows in Grant Line Canal at Tracy Boulevard
Bridge. Without any CVP Tracy or SWP Banks pumping, the tidal flows range
from about 4,000 cfs during ebb tide (downstream) to about —3,000 cfs during
flood tide (upstream). With maximum CVP Tracy pumping, the ebb-tide flows
do not changed, but the flood-tide flows are reduced by about 500 cfs. With
SWP Banks pumping of 6,680 or 8,500 cfs, the tidal flows in Grant Line range
from about 3,500 cfs during the ebb tide to about —2,000 cfs during the flood tide.

Table D-2 indicates that the net flow in Grant Line Canal is about 552 cfs with no
pumping and increases to about 692 cfs with 4,600 cfs of CVP Tracy pumping.
This increase indicates that most of the head of Old River flow from the San
Joaquin River is moving down Grant Line Canal to the CVP Tracy intake. SWP
Banks pumping of 6,680 or 8,500 cfs increases the net flow in Grant Line Canal
at Tracy Boulevard Bridge to 980 and 1,042 cfs, respectively. The SWP Banks
pumping only increases the head of Old River flow by about 300 cfs, and almost
all of this water moves down Grant Line Canal to the CCF intake gates. The
CVP Tracy and SWP Banks pumping will lower the tidal stage in Grant Line at
Tracy Boulevard Bridge, reduce the tidal flows, and increase the net flow in
Grant Line Canal as the head of Old River diversion from the San Joaquin River
is increased.
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Middle River at Mowry Bridge

Figure D-102 shows the tidal variation in Middle River at Mowry Bridge, located
about 1.5 miles downstream from the head of Middle River at Old River. The
tidal stage variation without any CVP Tracy or SWP Banks pumping ranges from
a high tide of about 4.1 feet msl to a low tide of about 0.25 foot msl. The low-
tide stage in this upstream portion of Middle River is maintained by the relatively
high head of the Old River stage that is sustained by San Joaquin River flow.

The effects of the maximum CVP Tracy pumping of 4,600 cfs are similar to the
drawdown effects at Old River at Tracy Boulevard Bridge and Grant Line Canal
at Tracy Boulevard Bridge. The effects of SWP Banks pumping of 6,680 and
8,500 cfs are similar, reducing the low tide by about 6 inches from the no-
pumping condition and reducing the higher-tide values by about 12-18 inches.
The high tide with 8,500-cfs SWP Banks pumping and 4,600-cfs CVP Tracy
pumping is about 2.75 feet msl. The tidal stage difference at Mowry Bridge
between 6,680 and 8,500 cfs of SWP Banks pumping is less than 2 inches.

Figure D-103 shows the tidal flows in Middle River at Mowry Bridge. Even
with no CVP Tracy or SWP Banks pumping, the tidal flows into Middle River
from Old River are small, producing peak flows during rising tides of about 150-
200 cfs. There is a slight positive flow into Middle River even during falling
tide. With SWP Banks pumping, there is a short period of reverse flow during
the high slack water because the net flow toward the CVP Tracy and SWP Banks
pumps is strong enough to draw about 50-100 cfs from Middle River.

Table D-2 indicates that the net flow in Middle River is 89 cfs with no pumping
and is actually reduced to 71 cfs by CVP Tracy pumping of 4,600 cfs. The SWP
Banks pumping of 6,680 and 8,500 cfs reduces the Middle River net flow to 34
and 28 cfs but does not reverse the net flow in Middle River. The SWP Banks
pumping of 8,500 cfs has only a slight effect on the tidal stage and no effect on
tidal flows in Middle River, compared with 6,680 cfs of SWP Banks pumping.

Middle River at Tracy Boulevard Bridge

Figure D-104 shows the tidal variation in Middle River at Tracy Boulevard
Bridge. This station is located about 1.75 miles upstream from the junction with
Victoria Canal. Each year, the Middle River temporary barrier is installed
downstream of this location near the junction with Victoria Canal. The tidal
stage variation without any CVVP Tracy or SWP Banks pumping ranges from a
high tide of about 4.0 feet msl to a low tide of about 0.5 foot msl. This range is
similar to the tidal range for the Middle River at Bacon Island station (Figure D-
85). The effects of the maximum CVP Tracy pumping of 4,600 cfs are small,
with a reduction of about 4 inches throughout the tidal range. The effects of
SWP Banks pumping of 6,680 and 8,500 cfs are similar, reducing the tidal stage
by about 6 inches evenly over the tidal range. The tidal stage difference between
6,680 and 8,500 cfs of SWP Banks pumping is less than 1 inch.
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Figure D-105 shows the tidal flows in Middle River at Tracy Boulevard Bridge.
With no CVP Tracy or SWP Banks pumping, the tidal flows into Middle River
from Old River are small, producing peak flows during flood tides of about 500—
750 cfs. The tidal flow during ebb tide is about 750-1,000 cfs. The net flow into
this portion of Middle River is slightly negative because of supplies to the
agricultural diversions along Middle River. SWP Banks pumping of 6,680 and
8,500 cfs reduces the tidal flow into Middle River because the tidal stage range is
reduced by about 1 foot. The flood-tide and ebb-tide flows are reduced by about
250 cfs with SWP Banks pumping of 6,680 or 8,500 cfs. The changes in tidal
stage, tidal flow, or net flow by 8,500-cfs pumping compared to 6,680-cfs
pumping are very small in Middle River.

Table D-2 indicates that the net flow in Middle River at the Tracy Boulevard
Bridge is —17 cfs (upstream) with no pumping and is —35 cfs with CVP Tracy
pumping of 4,600 cfs. The SWP Banks pumping of 6,680 and 8,500 cfs further
reduces the Middle River net flow to —72 and —79 cfs, respectively.

Summary of South Delta Tidal Effects from CVP Tracy
and SWP Banks Pumping

This section summarizes the tidal tour of the south Delta channels and the initial
assessment of the effects of SWP Banks pumping on the tidal stage, tidal flows,
and net flows in these channels, as described above. Historical August 1997
conditions were used to simulate and compare tidal conditions in the south Delta.
Relatively minor changes in low-tide elevation, which produced a maximum of
12 inches below the no-pumping conditions, were simulated with 8,500 cfs of
SWP Banks pumping upstream of the temporary barrier locations in Old River,
Grant Line Canal, and Middle River.

Figure D-106 provides a summary of these monthly tidal stage variations for Old
River at Tracy Boulevard Bridge and Grant Line Canal at Tracy Boulevard
Bridge. For each month of 15-minute values (2,976 values for a 31-day month),
the values were sorted from minimum to maximum. The percentiles (i.e.,

0 [minimum], 10", 20", 30™, 40", 50" [median]... 90", and 100" [maximum])
values were recorded. These percentile values were plotted as a function of the
export pumping to indicate the shift in the tidal stage range that was caused by
the different assumed pumping flows. The maximum SWP Banks pumping of
10,300 cfs was included in these figures to indicate the potential for the next
increment of SWP Banks export pumping, which influences the tidal stage range
in the south Delta.

Grant Line Canal maximum stage decreases from about 2.75 to 2.5 feet

(3 inches) as the SWP Banks pumping increases from 6,680 to 8,500 cfs. The
minimum stage decreases from —0.5 to —0.75 foot (3 inches) without any tidal
barriers or tidal gates. Old River at Tracy Boulevard Bridge maximum stage
decreases from 2.75 to 2.5 feet with the increased SWP Banks pumping from
6,680 to 8,500 cfs. Minimum tide decreases from —0.75 to —1.0 foot.
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Figure D-107 shows the simulated effects of the export pumping on Middle River
stage at Tracy Boulevard Bridge and at Mowry Bridge. Maximum stage
decreases by about 3 inches at both stations in Middle River as the SWP Banks
pumping increases from 6,680 to 8,500 cfs. The minimum stage decreases from
—0.75 to -1.0 foot at Tracy Boulevard Bridge and from —0.25 to —0.5 foot at
Mowry Bridge as the SWP Banks pumping increases from 6,680 to 8,500 cfs
with no temporary barriers or permanent tidal gates.

Figure D-108 shows the effects of pumping on tides simulated in Old River at
Clifton Court Ferry and at the head of Old River. Maximum stage decreases by
the most at Clifton Court Ferry because it is located near the DMC intake channel
and the CCF intake gates. The maximum stage decreases by less than 3 inches at
Clifton Court Ferry (to about 2.5 feet msl) and at the head of Old River (to about
3.0 feet msl) as the SWP Banks pumping increases from 6,680 to 8,500 cfs. The
minimum stage decreases from —1.0 to —1.15 feet at Clifton Court Ferry and from
0.5 to 0.4 foot at the head of Old River as the SWP Banks pumping increases
from 6,680 to 8,500 cfs with no temporary barriers or permanent tidal gates.

The maximum effect of increasing SWP Banks pumping from 6,680 to 8,500 cfs
is very small without any temporary barriers or permanent tidal gates. The
changes in tidal hydraulic conditions are considered to be less than significant
because the changes in minimum tidal stages would be less than 3 inches, even
without permanent tidal gates. The simulated changes in tidal flows are
relatively small compared to the existing flows with 6,680 cfs of SWP Banks
diversion (and pumping). The changes are simulated to be less than 5% of the
existing maximum tidal flow magnitude because the maximum diversion of
15,000 cfs at the CCF intake gates already occurs during high tides with

6,680 cfs of SWP Banks pumping.

However, the SDIP facilities are intended to improve tidal stage conditions that
currently exist in the south Delta channels with 4,600 cfs of CVVP Tracy pumping
and 6,680 cfs of SWP Banks pumping, and not simply mitigate effects from the
increased pumping from 6,680 to 8,500 cfs.

Hydraulic Effects of the
Vernalis Adaptive Management Plan

The VAMP involves three management actions used in combination to improve
Chinook salmon survival from the San Joaquin River tributaries:

m increase the natural San Joaquin River flow during the April 15-May 15
period to one of five target flows—2,000 cfs, 3,200 cfs, 4,450 cfs, 5,700 cfs
or 7,000 cfs;

m install a temporary rock barrier with culverts at the head of Old River to
reduce the diversion of San Joaquin River water into Old River during the
peak migration of Chinook salmon smolts; and
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m reduce CVP Tracy and SWP Banks pumping to less than the 1995 WQCP-
mandated level, which allows combined CVP Tracy and SWP Banks
pumping to be equal to the San Joaquin River flow.

Reclamation and the San Joaquin River Group Authority jointly prepared an
environmental impact statement (EIS)/EIR for meeting the flow objectives for
the draft San Joaquin River Agreement from 1999 to 2010. The agreement
developed as an alternative that provides a level of protection equivalent to the
San Joaquin River flow objectives contained in the 1995 WQCP. Discussion
over the flow objectives led to a proactive, problem-solving process for
developing an adaptive fish management plan and the water supplies to support
that plan. The process of developing VAMP resulted in the agreement in April
1998. The agreement identifies where the water to support the VAMP study
would be obtained, specifically from the San Joaquin River Group Authority,
whose members are willing sellers. The agreement provides for a maximum of
137,500 acre-feet of water to be supplied in any one year. Smaller amounts are
required in dry years. The average allocation of water for VAMP flows is
expected to be about 40 thousand acre-feet per year.

A temporary rock barrier placed across the head of Old River reduces the flow
into Old River and thereby reduces the loss of Chinook salmon smolts at the CVVP
Tracy and SWP Banks facilities. The weir crest elevation has varied slightly
during the period of spring placement. The 2003 weir crest elevation was 10 feet
msl. The weir is higher than the normal tidal fluctuations at this location and
prevents most San Joaquin River flow from entering Old River. Culverts have
been included to allow a controlled portion of San Joaquin River flow to enter
Old River and provide a water supply to the south Delta. The culverts are
48-inch-diameter pipes with a capacity of about 150 cfs averaged over the daily
tidal stage variation. There is also some seepage of water through the rock weir
structure.

A series of DSM2 simulations were made to evaluate the effects of VAMP on
south Delta tidal hydraulic conditions. San Joaquin River flow was assumed to
be at one of the VAMP target flows of 2,000 cfs, 3,200 cfs, 4,450 cfs, 5,700 cfs,
or 7,000 cfs. The head of Old River temporary rock barrier (2002 design) was
assumed to be either open or installed without culverts to provide the most
complete barrier to San Joaquin River flow diversion into Old River. Exports
were assumed to be equal to the San Joaquin River flow, with export pumping
split between the CVP and SWP, or equal to the VAMP export target (i.e.,
1,500 cfs exported when the San Joaquin River flow is 2,000 cfs, 3,200 cfs, or
4,450 cfs; 2,250 cfs exported when the San Joaquin River flow is 5,700 cfs; and
3,000 cfs exported when the San Joaquin River flow is 7,000 cfs). These
assumptions result in a total of 20 modeled combinations to evaluate the five
VVAMP target conditions. Table D-3 summarizes the simulated flows in south
Delta channels for this range of VAMP conditions.
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Table D-3. Simulated Net Channel Flow in Delta Channels for the Range of San Joaquin River Flows and Exports during Vernalis Adaptive Management Plan Period (Sacramento River at Freeport Flows of 15,000 cfs)

San Joaquin River =2,000 cfs

S an Joaquin River =3,200 cfs

San Joaquin River =4,450 cfs

San Joaquin River =5,700 cfs

San Joaquin River =7,000 cfs

Barrier Open

Barrier Closed

Barrier Open

Barrier Closed

Barrier Open

Barrier Closed

Barrier Open

Barrier Closed

Barrier Open

Barrier Closed

Exports = Exports = Exports = Exports = Exports = Exports = Exports = Exports = Exports = Exports = Exports = Exports = Exports = Exports=  Exports = Exports = Exports = Exports = Exports = Exports =
Location 2,000 cfs 1,500 cfs 2,000 cfs 1,500 cfs 3,200 cfs 1,500 cfs 3,200 cfs 1,500 cfs 4,450 cfs 1,500 cfs 4,450 cfs 1,500 cfs 5,700 cfs 2,250 cfs 5,700 cfs 2,250 cfs 7,000 cfs 3,000 cfs 7,000 cfs 3,000 cfs
San Joaquin River
at Mossdale 1,914 1,914 1,914 1,914 3,115 3,115 3,115 3,115 4,365 4,365 4,365 4,365 5,615 5,615 5,615 5,615 6,915 6,915 6,915 6,915
Old River at Head 1,225 1,207 0 0 1,780 1,727 0 0 2,358 2,287 0 0 2,996 2,931 0 0 3,679 3,620 0 0
Old River at Tracy 134 133 -14 -16 200 200 -8 -16 262 272 -1 -15 325 345 6 -12 407 420 16 -9
Old River at
Clifton Court Ferry -140 89 -1,311 -1,063 -206 583 -1,906 -1,063 =277 1,111 -2,524 -1,063 -298 1,341 -3,141 -1,435 -311 1,607 -3,784 -1,807
Old River near
Byron -733 -419 -1,523 -1,195 -1,157 -84 -2,308 -1,194 -1,603 275 -3,129 -1,192 -2,015 198 -3,951 -1,681 -2,436 149 -4,806 -2,169
Old River at Bacon
Island -350 -139 -877 -657 -627 92 -1,401 -649 -919 340 -1,951 -640 -1,191 296 -2,506 -961 -1,467 272 -3,082 -1,282
Old River at Mouth -2,787 -2,674 -3,207 -3,087 -3,005 -2,613 -3,620 -3,207 -3,240 -2,549 -4,049 -3,330 -3,455 -2,635 -4,478 -3,631 -3,670 -2,709 -4,921 -3,937
Grant Line Canal at
Tracy Boulevard
Bridge* 862 843 -161 -161 1,330 1,269 -161 -161 1,822 1,726 -161 -161 2,363 2,258 -162 -161 2,917 2,824 -165 -161
Middle River at
Mowry Bridge 77 80 24 26 98 107 18 26 124 139 12 26 159 177 6 23 206 226 -1 19
Middle River at
Tracy Boulevard
Road -7 -4 -60 -58 14 23 -66 -58 40 55 -72 -58 75 93 -78 -61 123 142 -84 -65
Middle River at
Bacon Island -1,003 -760 -1,629 -1,378 -1,331 -503 -2,234 -1,387 -1,668 -225 -2,860 -1,397 -1,970 -282 -3,485 -1,783 -2,273 -314 -4,138 -2,168
Turner Cut -271 -234 -420 -381 -354 -229 -562 -432 -433 -218 -714 -489 -502 -253 -872 -609 -573 -286 -1,046 -735
Middle River at
Mouth -817 -625 -1,379 -1,179 -1,116 -462 -1,932 -1,256 -1,424 -282 -2,503 -1,334 -1,705 -366 -3,068 -1,709 -1,985 -431 -3,650 -2,082
False River 1,550 1,638 1,499 1,588 1,526 1,825 1,449 1,751 1,500 2,020 1,395 1,921 1,474 2,086 1,342 1,957 1,447 2,159 1,288 2,001
San Joaquin River
at Antioch 4,170 4,536 4,157 4,524 4,160 5,401 4,145 5,386 4,151 6,301 4,135 6,286 4,146 6,655 4,127 6,637 4,142 7,047 4,120 7,026
Notes:

cfs = cubic feet per second.

Open = Head of Old River barrier open.

Closed = Head of Old River barrier closed.

Grant Line Canal at Tracy Boulevard Bridge is Grant Line Canal East.
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Mossdale and Head of Old River Tidal Stage

Figure D-109 shows the effects of closing the head of Old River fish control
barrier with a San Joaquin River flow of 2,000 cfs and export pumping of

2,000 cfs. The San Joaquin River stage increases because the entire flow is
confined in the San Joaquin River channel from Mossdale downstream to
Stockton. The San Joaquin River low-tide stage at Mossdale for May 1997
increases from about 2 to 3 feet msl when the head of Old River fish control
barrier is closed. The high-tide elevation at Mossdale is about 2.5-3.5 feet msl.
The tidal stage variations at Mossdale are slightly reduced by closing the head of
Old River fish control barrier because the San Joaquin River stage is higher.

The tidal stage in Old River downstream of the head of Old River fish control
barrier is reduced when the flow from the San Joaquin River is eliminated. The
low-tide stage with the head of Old River fish control barrier open is about 0.75—
1.00 foot msl. The low-tide stage with the head of Old River fish control barrier
closed is about —1.0 foot msl. The downstream stage is reduced by almost

2.0 feet at a San Joaquin River flow of 2,000 cfs. The stage change between
Mossdale and Old River is about 1 foot when the barrier is open. The tidal stage
variation in Old River is greater than at Mossdale because the low-tide elevation
is only about 0.5 foot msl, allowing the high tides of 3.0 feet msl to increase the
water elevation in Old River by about 2.5 feet. When the head of Old River fish
control barrier is closed, the tidal variation in Old River downstream of the
barrier becomes similar to other south Delta channels, with a low tide of -1.0 foot
msl and a high tide of about 2.5 feet msl.

Figure D-110 shows the effects of closing the head of Old River fish control
barrier with a San Joaquin River flow of 3,200 cfs and export pumping of

3,200 cfs. Upstream of the barrier, the simulated May 1997 San Joaquin River
stage at Mossdale increases by about 1.5 feet, from 3-4.5 feet msl. The tidal
stage variations are reduced by closing the head of Old River fish control barrier
because the river stage is raised above the normal tidal range. Downstream of
the barrier, the Old River stage is reduced. The low-tide stage with the head of
Old River fish control barrier open is about 1.5 feet msl. The low-tide stage with
the head of Old River fish control barrier closed is about —1.25 feet msl. The
downstream stage is reduced by almost 2.5 feet at a San Joaquin River flow of
3,200 cfs.

Figure D-111 shows the effects of closing the head of Old River fish control
barrier with a San Joaquin River flow of 4,500 cfs and exports of 4,500 cfs. The
Mossdale stage increases from about 4.5 feet (head of Old River fish control
barrier open) to about 6.25 feet (head of Old River fish control barrier closed).
The tidal stage variations are slightly more than 0.5 foot at this flow and are
reduced slightly by closing the head of Old River fish control barrier because the
river stage is raised by an additional 2 feet. The stage in Old River downstream
of the temporary head of Old River fish control barrier is reduced substantially
when the diversion from the San Joaquin River is eliminated. The low-tide stage
with the head of Old River fish control barrier open is about 2.5 feet msl. The
low-tide stage with the head of Old River fish control barrier closed is about
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-1.25 feet msl. The downstream stage is reduced by almost 3.75 feet at a San
Joaquin River flow of 4,450 cfs.

Figure D-112 shows the effects of closing the head of Old River fish control
barrier with a San Joaquin River flow of 5,700 cfs and exports of 5,700 cfs. The
Mossdale stage increases from about 5.5 feet (head of Old River fish control
barrier open) to about 7.75 feet (head of Old River fish control barrier closed).
The tidal stage variations are less than 0.25 foot at this flow and are reduced even
more by closing the head of Old River fish control barrier because the river stage
is raised by an additional 2 feet. Again, the stage in Old River downstream of the
temporary head of Old River fish control barrier is reduced substantially when
the diversion from the San Joaquin River is eliminated. The low-tide stage with
the head of Old River fish control barrier open is about 3.25 feet msl. The
low-tide stage with the head of Old River fish control barrier closed is about
-1.25 feet msl. The downstream stage is reduced by almost 4.5 feet at a San
Joaquin River flow of 5,700 cfs because the diversion flow of about 3,000 cfs
raises the tidal stage substantially in the Old River channel.

Figure D-113 shows the effects of closing the head of Old River fish control
barrier with a San Joaquin River flow of 7,000 cfs and exports of 7,000 cfs. This
flow is the highest VAMP target flow for Vernalis. The Mossdale stage
increases from about 6.5 feet (head of Old River fish control barrier open) to
about 9.0 feet (head of Old River fish control barrier closed). The tidal stage
variations are less than 0.25 foot at this flow and are reduced even more by
closing the head of Old River fish control barrier because the river stage is raised
by an additional 2.5 feet. Meanwhile, the stage in Old River downstream of the
temporary head of Old River fish control barrier is reduced substantially when
the diversion from the San Joaquin River is eliminated. The low-tide stage with
the head of Old River fish control barrier open is about 4.0 feet msl. The low-
tide stage with the head of Old River fish control barrier closed is about —1.5 feet
msl with export pumping of 7,000 cfs. The downstream stage is reduced by
almost 5.5 feet at the San Joaquin River flow of 7,000 cfs because the diversion
flow of about 3,678 cfs raises the tidal stage substantially in the Old River
channel. The tidal stage range is only about 0.75 foot (9 inches) with the head of
Old River fish control barrier open and is much greater (high tide of 3.0 feet),
although not quite the full tidal range, when the head of Old River fish control
barrier is closed.

Middle River at Mowry Bridge Stage

Mowry Bridge is located about 1.5 miles downstream of the head of Middle
River at Old River. The head of Middle River is located about 4 miles
downstream of the head of Old River fish control barrier. Tidal flows in Middle
River are relatively small, and the net flow from Old River into Middle River is
about 100 cfs when San Joaquin River flow is 2,000 cfs.

Figure D-114 shows the effects of closing the head of Old River fish control
barrier with a San Joaquin River flow of 2,000 cfs and exports of 2,000 cfs.
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Figure D-114 also shows the comparable effects of closing the head of Old River
fish control barrier with a flow of 7,000 cfs and exports of 7,000 cfs. With a San
Joaquin River flow of 2,000 cfs, closing the head of Old River fish control barrier
has less than a 0.75-foot (9-inch) effect on the low tides and about the same
effect on the high tides. Closing the head of Old River fish control barrier when
the San Joaquin River flow is 7,000 cfs has a larger effect because the stage in
Middle River at Mowry Bridge is considerably elevated by the San Joaquin River
flow of 7,000 cfs. The tidal stage at Mowry Bridge when the head of Old River
fish control barrier is closed ranges from low tides of —1.25 feet msl to high tides
of about 2.0 feet msl. The tidal range is raised by about 3 feet with the head of
Old River diversions (of about 3,678 cfs) at a San Joaquin River flow of

7,000 cfs. The tidal stage in Middle River ranges from a low tide of about

1.75 feet msl to a high tide of about 3.5 feet msl with the head of Old River fish
control barrier open at a San Joaquin River flow of 7,000 cfs.

Old River at Tracy Boulevard Bridge Stage

The Tracy Boulevard Bridge is located about 10 miles downstream of the head of
Old River. The effects of the head of Old River diversions from the San Joaquin
River on tidal stage variations at the Tracy Boulevard Bridge are much less than
at the head of Old River. Most of the diversions flow through Doughty Cut into
Grant Line Canal.

Figure D-115 shows the effects of closing the head of Old River fish control
barrier with a San Joaquin River flow of 2,000 cfs and exports of 2,000 cfs.
Figure D-115 also shows the comparable effects of closing the head of Old River
fish control barrier with a flow of 7,000 cfs and exports of 7,000 cfs. With a San
Joaquin River flow of 2,000 cfs, closing the head of Old River fish control barrier
has less than a 0.5-foot (6-inch) effect on the low tides and about the same effect
on the high tides in Old River at Tracy Boulevard Bridge. Closing the head of
Old River fish control barrier when the San Joaquin River flow is 7,000 cfs has a
larger effect because the stage in Old River at Tracy Boulevard Bridge station is
somewhat elevated by the San Joaquin River flow of 7,000 cfs. The tidal stage
when the head of Old River fish control barrier is closed ranges from low tides of
—1.25 feet msl to high tides of 1.75 feet msl. The tidal range is raised by about
0.75 foot with the head of Old River diversions at a San Joaquin River flow of
7,000 cfs.

Grant Line Canal at Tracy Boulevard Bridge Stage

Head of Old River diversion flows generally move into Grant Line Canal through
Doughty Cut, located about 8 miles downstream of the head of Old River. The
Tracy Boulevard Bridge is located about 2 miles downstream of this connection
with Old River, so this station is about 10 miles downstream from the head of
Old River.
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Figure D-116 shows the effects in Grant Line Canal at Tracy Boulevard Bridge
of closing the head of Old River fish control barrier with a San Joaquin River
flow of 2,000 cfs and exports of 2,000 cfs. Figures D-117a—d also show the
comparable effects of closing the head of Old River fish control barrier with a
flow of 7,000 cfs and exports of 7,000 cfs. With a San Joaquin River flow of
2,000 cfs, closing the head of Old River fish control barrier has less than a
0.5-foot (6-inch) effect on the low tides and about the same effect on the high
tides in Grant Line Canal at Tracy Boulevard Bridge. Closing the head of Old
River fish control barrier when the San Joaquin River flow is 7,000 cfs has a
larger effect because the stage at the Grant Line Canal at Tracy Boulevard Bridge
station is somewhat elevated by the San Joaquin River flow of 7,000 cfs. The
tidal stage when the head of Old River fish control barrier is closed ranges from
low tides of —1.25 feet msl to high tides of 1.75 feet msl. The low tides are raised
by about 1.0 foot, and the high tides are raised by 0.75 foot in Grant Line Canal
at Tracy Boulevard Bridge with the head of Old River diversions at a San
Joaquin River flow of 7,000 cfs.

Summary of South Delta Tidal Effects from the
Vernalis Adaptive Management Plan

This section summarizes the tidal tour of the south Delta channels given above.
The increased San Joaquin River flow at Vernalis raises the stage in the San
Joaquin River at Mossdale and increases the head of Old River flow and stages in
the south Delta channels. The low tide at the head of Old River increases from
about 0.5 foot msl at a flow of 2,000 cfs to about 1.5 feet at a flow of 3,200 cfs.
The low-tide stage increases to about 2.0 feet msl at a flow of 4,450 cfs and to
about 3.25 feet msl at a flow of 5,700 cfs. The low-tide stage is about 4.0 feet at
a flow of 7,000 cfs. The increase in stage in the south Delta channels that are
upstream of the temporary barriers is about 0.5-1.0 foot with a San Joaquin River
flow of 7,000 cfs, compared to a flow of 2,000 cfs. The stage variations in the
south Delta channels are more directly controlled by the Delta tidal stage
variations than by the head of Old River diversions.

Closing the head of Old River fish control barrier reduces the stage in the south
Delta channels to the normal tidal variations, with low tides of about —1.0 to
—-1.5 feet. With the head of Old River fish control barrier closed, the effects of
additional pumping (2,000-7,000 cfs) during the VAMP period do not
substantially reduce the low tides at the Old River, Grant Line Canal, or Middle
River stations.

Figures D-117a—d show the effects of San Joaquin River flow and export
pumping on stage variations at these south Delta stations. The tidal stage ranges
when the head of Old River fish control barrier is closed are only slightly reduced
as pumping increases. The tidal flows are somewhat reduced as the tidal stage
increases with higher head of Old River diversions.
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DSM2 Simulation of SDIP Alternatives
Approach

For the analysis of the SDIP alternatives, a two-tiered modeling approach was
used (Figure D-118). The California statewide operations model, CALSIM II,
was used to simulate monthly impacts of alternatives on statewide water supply
(e.g., reservoir operations, project deliveries) over a 73-year period using
hydrology from water years 1992-1994. Details of the CALSIM Il analysis can
be found in Chapter 5.1, “Water Supply and Management.” To assess the
impacts of these alternatives on the Delta tidal hydraulics and water quality
conditions, DSM2 was used to simulate 15-minute hydrodynamics and water
quality over a 16-year period using hydrology provided by CALSIM I1 results for
water years 1976-1991. The Delta tidal hydraulic impacts and water quality
impacts of the SDIP alternatives were assessed for a shorter time period than the
statewide water supply impacts because of the extensive computational
requirements of the DSM2 tidal hydraulic model. However, because the 16-year
time period from 1976 to 1991 encompasses a variety of water year types

(Table D-4), including the driest and wettest time periods on record, the SDIP
alternatives analysis takes into account the full range of historical hydrologic
conditions.

Table D-4. Water Year Designations for the Sacramento River System

Year
1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991

Water Year
Type
Note: W=Wet, AN=Above normal, BN=Below normal, D=Dry, C=Critical.

c C AN BN AN D W W W D W D C D C C

Two modules of DSM2, HYDRO and QUAL, were used to analyze SDIP
alternatives for 16 years of hydrologic conditions. An additional module, PTM,
was used to analyze fish movement and entrainment for selected conditions of
exports and VAMP conditions.

Representation of Delta Water Quality in
CALSIM Il and DSM2

The assessment of flow and salinity impacts of the SDIP alternatives in the Delta
requires tools that represent flow-salinity relationships in the Delta. The two
numerical models CALSIM Il and DSM2 both represent flow-salinity
relationships in the Delta. The main difference between the salinity
representations in the two models is that CALSIM I uses an average salinity-
outflow representation, whereas DSM2’s includes spring-neap tidal effects.
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Thus, salinity extremes (both high values and low values) will be greater in the
DSM2 representation than in the CALSIM 11 representation.

To better describe Delta flow-salinity representations in CALSIM Il and DSM2,
some terminology is defined below:

m  ANN—A computer algorithm that can be “trained” to recognize complex
relationships from information in a large data set. In this case, an ANN was
created to determine relationships between Delta flow parameters and
salinity concentrations at specified locations (California Department of
Water Resources 2002).

m  25-Hour Repeating 19-Year Mean Tide—A 25-hour time series of hourly
varying tidal stage that represents the two high and two low tides (mixed
tide) that occur in the Bay every tidal cycle. For simulations longer than
25 hours, the 25-hour tidal sequence is repeated for subsequent tidal cycles.
For Martinez, a 25-hour hourly time series of tidal stage was computed based
on 19 years of field data. This 19-year mean tide represents a typical daily
tidal cycle; however, it does not include the bimonthly spring-neap tidal
cycle (Nader-Tehrani 2001).

m  Adjusted Astronomical Tide—A computed 15-minute varying tidal stage
time series that approximates the observed tidal stage data. An adjusted
astronomical tide is computed by modifying (adjusting) the astronomical tide
at a given location to incorporate long-period wave components. For DSM2,
an adjusted astronomical tide is computed at Martinez using long-period
wave components from observed data at San Francisco. The adjusted
astronomical tide represents both the daily tidal variations and the spring-
neap tidal fluctuations expected at Martinez (Figures D-119a and b)
(Ateljevich 2001a).

Although estimation of Delta salinity is important in both models, they employ
different methods. DSM2 is a physically based, one-dimensional tidal hydraulic
model that simulates the transport of constituents, such as salinity, throughout the
Delta. This transport is represented by advection (movement with the flow) and
dispersion (mixing caused by turbulence and diffusion) of salinity. To simulate
this transport, salinity concentrations must be known at all of the boundaries.

In the San Francisco Bay and Delta, salinity concentrations are mainly
determined by the tidal transport of salt from the ocean balanced against the
Delta outflow. Thus, the downstream boundary condition for water quality
simulations in DSM2 reflects the dynamic dispersion of salt into the Delta from
the ocean. DSM2 uses an empirical model known as the modified G-model to
compute a 15-minute time series of electrical conductivity (EC), a measure of
salinity at Martinez, based on an adjusted astronomical tide and net delta outflow
(Ateljevich 2001b). Given this downstream boundary time series and other
salinity boundary conditions, DSM2 simulates the advection and dispersion of
salinity throughout the Delta to determine salinity concentrations at interior Delta
locations. Because an adjusted astronomical tide was used as input for the
modified G-model to create the Martinez salinity boundary condition for the
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SDIP alternative simulations, the representation of salt intrusion into the Delta
from the ocean in these simulations considers spring-neap tidal effects.

CALSIM Il uses a different approach for representing salinity in the Delta.
Although the Delta salinity standards are integral for determining the upstream
reservoir operations, the simple mass-balance routing and monthly time step in
CALSIM Il do not produce sufficiently accurate estimates of Delta salinity.
Additionally, although DSM2 can compute the necessary Delta salinities, the
computational requirements of DSM2 are orders of magnitude larger than those
for CALSIM I1, making integrated simulations using DSM2 and CALSIM I
interactively unfeasible. Thus, an ANN was developed to represent Delta flow-
salinity relationships based on DSM2 simulation results. The ANN provides a
computationally efficient method for determining flow-salinity relationships that
can be integrated into CALSIM Il. The flow-salinity relationships represented by
the ANN were developed by “training” the ANN on DSM2 simulation results
based on a 25-hour repeating 19-year mean tide. Thus the ANN representation of
salinity in CALSIM |1 does not take into account the spring-neap tidal cycle.

The ANN estimates of salinity are used in CALSIM I1 to estimate required Delta
outflow. The CALSIM outflow is used in DSM2 to set the Martinez salinity
conditions, and the DSM2 model calculates salinity within the Delta. The
CALSIM Il estimates and the DSM2 results may not match exactly.

SDIP Alternatives

For the tidal hydraulic and water quality analysis of impacts of the SDIP
alternatives, scenarios at both the 2001 and 2020 levels of development were
examined. The baseline scenarios used temporary fish and agricultural barriers
in the south Delta, whereas the SDIP alternatives used proposed permanent fish
and agricultural tidal gates (Figures D-120a—c).

For analysis of the SDIP alternatives, four south Delta barriers or gates were
considered:

m fish barrier at head of Old River (both temporary barrier and permanent tidal
gate),

m agricultural barrier at Middle River (both temporary barrier and permanent
tidal gate),

m  agricultural barrier at Grant Line Canal (east temporary barrier, west
permanent tidal gate), and

m agricultural barrier at Old River at Tracy Boulevard Bridge (both temporary
barrier and permanent tidal gate).

Alternative 2B was used to assess the impacts of various tidal gate configurations
(no gates, fish gate at head of Old River only, fish gate with two agricultural
gates, and fish gate with three agricultural gates). Because the three agricultural
gates were required to maintain minimum water-level requirements in the south
Delta, additional alternatives were examined only with the fish gate and three
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agricultural gates. Detailed descriptions of the SDIP alternatives are found in
Chapter 2 of the EIS/EIR. The scenarios examined using DSM2 were:

m  Existing Conditions:

a

2001 conditions with temporary south Delta fish barrier and three
temporary agricultural barriers;

m  Future No Action:

Q

Q

2020 conditions with no south Delta barriers and

2020 conditions with temporary fish barrier and three temporary
agricultural south Delta barriers;

m  Alternative 2A for 8,500 cfs:

Q

2001 conditions with permanent fish tidal gate and three permanent
agricultural south Delta tidal gates and

2020 conditions with permanent fish tidal gate and three permanent
agricultural south Delta tidal gates;

m  Alternative 2B for 8,500 cfs:

Q

2001 conditions with permanent fish tidal gate and three permanent
agricultural south Delta tidal gates and

2020 conditions with permanent fish tidal gate and three permanent
agricultural south Delta tidal gates;

m  Alternative 2C for 8,500 cfs:

Q

Q

2001 conditions with no south Delta gates;

2001 conditions with permanent fish tidal gate and three permanent
agricultural south Delta tidal gates;

2020 conditions with no south Delta gates;
2020 conditions with permanent fish tidal gate;

2020 conditions with permanent fish tidal gate and two permanent
agricultural south Delta tidal gates; and

2020 conditions with permanent fish tidal gate and three permanent
agricultural south Delta tidal gates.

DSM2 Input Requirements

Extensive input data are required for DSM2 (Figure D-121). These input data

fall into four general categories:

m physical description of the system (e.g., channel cross sections and other
geometry information) (Delta Simulation Model Version 2 Project Work
Team 2001),
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m description of flow control structures (i.e., gates and barriers) (Anderson and
Mierzwa 2002),

m initial estimates for stage and flow throughout the Delta, and

m  boundary conditions (i.e., time-varying input for all inflows and exports).
Figure D-122 illustrates the hydrodynamic and water quality boundary conditions
required for the SDIP studies. Inflows, exports, and DCC gate operations were
provided by the 73-year CALSIM Il simulations. The tidal boundary condition
at Martinez was provided by an adjusted astronomical tide (Ateljevich 2001a).
Delta channel depletions (i.e., diversions and drainage) were estimated using
DWR’s DICU model (Mahadevan 1995) for both the 2001 and 2020 levels of

development. The major hydrodynamic boundary conditions and the time period
for which they are specified are:

m tidal boundary condition (15 minutes):
O tidal stage from adjusted astronomical tide at Martinez;

m inflow boundary conditions from CALSIM Il (monthly, except San Joaquin
River flows are specified bimonthly during VAMP):

o Sacramento River,
San Joaquin River,
eastside streams (Mokelumne and Cosumnes Rivers),

Calaveras River, and

0o 0o 0 O

Yolo Bypass;

m export boundary conditions from CALSIM Il (monthly, except SWP Banks
and CVP Tracy exports are specified bimonthly during VAMP):

a CCF (SWP),

o CVP Tracy facility-DMC (CVP), and

o CCC (combined CCC and Los Vaqueros);
m DCC gate operations and MSSCG operations from CALSIM II; and
m  DICU for 2001 and 2020 from DICU model.
Water quality boundary conditions consist of specifying constituent

concentrations at each inflow. The water quality boundary conditions and typical
time periods for which they are specified are:

m tidal boundary condition (15 minutes):
a constituent concentration at Martinez;

m inflow boundary conditions (monthly or constant):
O Sacramento River (constant),

O San Joaquin River (monthly from CALSIM I1),
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O eastside streams (Mokelumne and Cosumnes Rivers),
a Calaveras River, and
o Yolo Bypass; and

m  Delta island drainage and return flows (monthly).

Input Assumptions for SDIP Studies

Input assumptions and characteristics for the DSM2 16-year planning studies for
SDIP are described below. The assumptions that changed for different
operational and barrier (or gate) scenarios are summarized in Table D-5.

Vernalis Adaptive Management Plan Flows for San
Joaquin River and SWP Banks and CVP Tracy Exports

VAMP modifies San Joaquin River flows and SWP Banks and CVP Tracy
export rates to enhance anadromous fish migration. Components of VAMP
include a 31-day flow pulse in the San Joaquin River from April 15 to May 15
and corresponding reductions in exports at the SWP Banks and CVP Tracy
during this time period. CALSIM Il accounts for VAMP in its computations;
however, the final (cycle 5 results) monthly outputs for the San Joaquin River at
Vernalis, SWP Banks, and CVP Tracy do not reflect the VAMP flows and
exports. Thus, for all the SDIP alternatives, the CALSIM 11 results were
postprocessed to produce input data for DSM2 that include the VAMP pulse
flow and reduced CVP Tracy and SWP Banks exports (from cycle 2 results).

Clifton Court Forebay Operations

DSM2 can simulate the operation of the CCF intake gates in a variety of ways
known as priorities (Figure D-123). For the SDIP existing condition simulation,
the CCF was operated tidally using Priority 3. For the alternative scenarios, the
CCF intake gates were always open (Priority 4) as long as the inside CCF stage
was lower than the outside Old River stage. Thus, differences between water
levels inside and just outside the CCF in West Canal determined when and how
much water flowed into the CCF. To ensure that DSM2 did not allow
unrealistically high flows into the CCF, the maximum flow was capped at about
15,000 cfs. The rate at which water can flow into the CCF was determined by a
flow coefficient called coeff2res. For the SDIP studies, coeff2res was set equal
to 2,400, a value appropriate for flows on the order of 15,000 cfs.

Flow through an orifice is calculated using the following equation:

Q = coeff 2res x ,/2gAh
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Table D-5. Simulation Characteristics and Assumptions for 16-Year DSM2 Simulations of SDIP Alternatives

Simulation Baseline 2001 Conditions 2020 Conditions

Characteristic or

Assumption 2001 2020 Alternative 2A Alternative 2B Alternative 2C Alternative 2A Alternative 2B Alternative 2C

Barrier or Gate

Type Temporary Temporary Permanent Permanent Permanent Permanent Permanent Permanent

Fish control barrier/  Temporary Temporary Closed April-May Closed April-May Closed April-May  Closed April-May Closed April-May Closed April-May

gate operations barrier operations barrier operations  and partially and partially and partially and partially and partially and partially
criteria criteria Closed October—  Closed October—  Closed October— Closed October—  Closed October—  Closed October—

November unless  November unless ~ November unless November unless  November unless  November unless
SJR>10,000 cfs SJR>10,000 cfs SJR>10,000 cfs SJR>10,000 cfs SJR>10,000 cfs SJR>10,000 cfs

DSM2 analysis with

fish gate (head of X X

Old River) only

DSM2 analysis with

fish gate and two X X

agricultural gates

DSM2 analysis with

fish gate and three X X X X X X X X

agricultural gates

Geometry

D'redglng in Middle X X X X X X

River

Modified Delta

geometry near the X X

Middle River
temporary barrier

Notes:
SJR = SanJoaquin River.
cfs = cubic feet per second.
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where Q=flow cfs, g=acceleration caused by gravity (32.2 feet*/sec) and

Ah =head difference in feet. However, because of past numerical instabilities,
the DSMZ2 code applies a factor of 75% to the reservoir coefficient. Although the
numerical instabilities are no longer an issue, the 75% factor has remained in the
DSM2 code. Effectively, DSM2 calculates the equation:

Q =0.75x coeff 2res x ,/2gAh .

A value of coeff2res of 1,800 is typically used for simulations in which a flow of
near 15,000 cfs into CCF is desired at a head difference of 1 foot. To adjust for
the 75% factor in the SDIP simulations, the value of coeff2res was divided by
0.75:

_ coeff 2res 1,800
aeed 075 0.75

(coeff 2res = 2,400] .

Temporary Barrier Operations

Historically, temporary barrier operations have changed from year to year. The
temporary barrier operations and target flows used for the SDIP alternative
analysis are described below:

m  Head of Old River fish barrier is:

a installed between April 16 and May 15 when San Joaquin River flows
fall below 5,000 cfs;

O installed between September 16 and November 30 when San Joaquin
River flows fall below 5,000 cfs;

o removed when San Joaquin River flows exceed 8,500 cfs;
a installed in spring (April 16-May 15) at:

m 10 feet msl if VAMP flow is less than or equal to 7,500 cfs (dry,
below normal, normal years) or

m 11 feet msl if VAMP flow is greater than 7,500 cfs (wet years);

0 installed in fall (September 16—November 30) with a 32-foot notch at
0.0 foot msl;

m  Agricultural barriers (Middle River, Old River at Tracy Boulevard Bridge,
Grant Line Canal East):

a may be installed between April 16 and November 30;
o are not installed when San Joaquin River flows exceed 18,200 cfs;

O are not installed between April 16 and May 15 if head of Old River fish
control barrier is not installed,

o are not installed until the San Joaquin River flow drops below 12,000 cfs
if head of Old River fish control barrier is not installed;
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0 have a 20-foot notch cut during the fall (September 16—-November 30);

a change fall notch configuration (Old River at DMC only) when San
Joaquin River flow is above 5,500 cfs; and

a are removed if the head of Old River fish control barrier is removed as a
result of Vernalis flows exceeding 8,500 cfs, unless the barriers are
needed to maintain 0.0-foot msl minimum water levels at three key
locations.

The temporary barrier operations for the 16-year DSM2 simulations for the 2001
and 2020 baseline scenarios resulting from these operational guidelines and
DSM2 parameters are presented in Tables D-6-D-13. As a result of similar flow
regimes for the 2001 and 2020 levels of development, the barrier operations were
identical for both the 2001 and 2020 baselines.
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Table D-6. Head of Old River Temporary Fish Barrier Operations for 2001 and 2020 Baselines

Water Year | Oct | Nov | Dec | Jan | Feb | Mar April May June | July | Aug Sep
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
Notes:

open

.

Culvert open.

No barrier in place.
Barrier in place.
Notched weir in barrier.

Table D-7. Summary of DSM2 Input Variables for Head of Old River Temporary Fish Barrier Operations
for 2001 and 2020 Baselines

Variable Value and Conditions

CFPIPEDOWN 0.60 when barrier is in place and culvert is tied open

CFPIPEUP 0.60 when barrier is in place and culvert is not tied open

CFWEIRDOWN 1.00 when barrier is not in place, 0.70 when barrier is in place

CFWEIRUP 1.00 when barrier is not in place, 0.70 when barrier is in place

CRESTELEV 10.0 feet msl when barrier is in place in spring, 0.0 foot msl when weir is notched in fall
NPIPES 6

PIPEELEV -5.0 feet msl

PIPERAD 2 feet

POS 1 (operate barriers based on values of these variables) when barrier is in place,

10 (remove entire structure from channel) when barrier is not in place
WIDTHDOWN 200 feet in spring, 32 feet in fall when weir is notched
WIDTHUP 200 feet in spring, 32 feet in fall when weir is notched
Note: msl = mean sea level.
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Table D-8. Middle River Temporary Agricultural Barrier Operations for 2001 and 2020 Baselines

Water Year | Oct | Nov | Dec | Jan | Feb | Mar
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991

Notes:

Culvert open.

No barrier in place.
Barrier in place.
Notched weir in barrier.

open

I

Table D-9. Summary of DSM2 Input Variables for Middle River Temporary Agricultural Barrier
Operations for 2001 and 2020 Baselines

Variable Value and Conditions

CFPIPEDOWN 0.60 when barrier is in place and culvert is tied open, 0.0 when operated as tidal flap gate
CFPIPEUP 0.60

CFWEIRDOWN 1.00 when barrier is not in place, 0.70 when barrier is in place

CFWEIRUP 1.00 when barrier is not in place, 0.70 when barrier is in place

-6.00 feet msl when barrier is not in place, 1.00 foot msl when barrier is in place,

CRESTELEV 0.86 foot msl when weir is notched

NPIPES 6

PIPEELEV -4.0 feet msl

PIPERAD 2 feet

POS 1 (operate barriers based on values of these variables) when barrier is in place,

10 (remove entire structure from channel) when barrier is not in place
WIDTHDOWN 140 feet
WIDTHUP 140 feet

Note: msl = mean sea level.

South Delta Improvements Program October 2005
Appendices to the Draft Environmental Impact D-78
Statement/Environmental Impact Report J&S 02053.02



U.S. Department of the Interior, Bureau of Reclamation, DSM2 Delta Tidal Hydraulic and
and the California Department of Water Resources Water Quality Modeling Methods and Results

Table D-10. Grant Line Canal (East) Temporary Agricultural Barrier Operations for 2001 and 2020 Baselines

Water Year | Oct | Nov | Dec | Jan | Feb | Mar April
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
Notes:

open = Culvert open.

= No barrier in place.

= Barrier in place.
= Notched weir in barrier.

Table D-11. Summary of DSM2 Input Variables for Grant Line Canal (East) Temporary Agricultural
Barrier Operations for 2001 and 2020 Baselines

Variable Value

CFPIPEDOWN 0.60 when barrier is in place and culvert is tied open, 0.0 when operated as tidal flap gate
CFPIPEUP 0.60

CFWEIRDOWN 1.00 when barrier is not in place, 0.80 when barrier is in place

CFWEIRUP 1.00 when barrier is not in place, 0.80 when barrier is in place

CRESTELEV -11.00 feet msl when barrier is not in place, -13.10 feet msl when boat ramp is in place, 1.00

foot msl when barrier is in place, and 0.84 foot msl when weir is notched
NPIPES 6

PIPEELEV -6.5 feet msl
PIPERAD 2 feet
POS 1 (operate barriers based on values of these variables);
thus, culverts are in place year round, even when barrier is not in place
WIDTHDOWN 125 feet
WIDTHUP 125 feet

Note: msl = mean sea level.
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Table D-12. Old River Temporary Agricultural Barrier Operations for 2001 and 2020 Baselines

Water Year | Oct | Nov | Dec | Jan | Feb | Mar
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
Notes:

open = Culvert open.

= No barrier in place.

= Barrier in place.
= Notched weir in barrier.

Table D-13. Summary of DSM2 Input Variables for Old River Temporary Agricultural Barrier Operations
for 2001 and 2020 Baselines

Variable Value

CFPIPEDOWN 0.60 when barrier is in place and culvert is tied open, 0.0 when operated as tidal flap gate
CFPIPEUP 0.60 when barrier is in place

CFWEIRDOWN  1.00 when barrier is not in place, 0.80 when barrier is in place

CFWEIRUP 1.00 when barrier is not in place, 0.80 when barrier is in place

CRESTELEV -9.00 feet msl when barrier is not in place, 2.00 feet msl when barrier is in place,
0.00 foot msl or 1.47 feet msl when weir is notched (depending on San Joaquin River flow)

NPIPES 9

PIPEELEV -6.0 feet msl
PIPERAD 2 feet
POS 1 (operate barriers based on values of these variables) when barrier is in place,

10 (remove entire structure from channel) when barrier is not in place
WIDTHDOWN 75 feet for regular barrier, 20 feet for low-flow notched weir
WIDTHUP 75 feet for regular barrier, 20 feet for low-flow notched weir

Note: msl = mean sea level.
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Permanent Tidal Gate Operations

The DSM2 modeling of the SDIP alternatives has provided the opportunity for
the DWR Delta modeling section staff to consider several gate operation
strategies and test the results against the general objectives of maintaining water
levels above 0.0 feet msl, maintaining good tidal flushing, and reducing the
sometimes high EC values in south Delta channels upstream of the tidal gates
(i.e., Middle River upstream of Victoria Canal, Old River upstream of the DMC
intake, and Grant Line Canal). It has been determined through this adaptive
modeling process that the following specific tidal gate operations will work well
to provide operational flexibility and management of south Delta channels for
local benefits.

Continuing to operate the existing CCF tidal gate using the Priority 3 schedule,
which allows the higher-high tide to fill the south Delta channels by closing the
CCF gates during the flood-tide period prior to the higher-high tide each day
(Figure D-123). This operation must be balanced with the need to divert the full
daily export pumping volume into CCF.

Using the head of Old River tidal gate to reduce the diversion of San Joaquin
River water into Old River during the summer and fall, when the San Joaquin
River EC tends to be relatively high. This operation also may improve DO
conditions in the Stockton Deep Water Ship Channel during low-flow periods.
This must be balanced with the possible effects of this high salinity water shifting
from the CVP exports to the SWP exports and CCWD diversions, as well as the
planned Stockton diversion.

Opening (lowering) the three agricultural gates during all periods of flood tide to
provide the maximum possible flushing of the south Delta channels upstream of
these gates. The Old River and Middle River gates will then be closed (raised) at
each high tide, and all ebb-tide flows will drain from the south Delta channels
through Grant Line Canal. The Grant Line Canal gate will remain open during
the early part of the ebb-tide, and will be raised to elevation —0.5 foot msl when
the upstream water elevation approaches the 0.0 feet msl target elevation, to
maintain the upstream water level above the target elevation.

Some more details about the DSM2 modeling assumptions that were used to
simulate these adopted tidal gate operations are described below. The actual tidal
gate operations will be controlled by a combination of real-time field
measurements of tidal elevation and salinity (EC) as well as guided by the gate
operations review team (GORT) that will advise DWR and Reclamation
operators through the normal procedures of the data analysis team (DAT) of the

CALFED operations group.
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Head of Old River Fish Control Gate

Permanent Agricultural Gates
The SDIP alternatives have permanent operable tidal gates, whereas the baseline
conditions have temporary barriers (weirs) in the south Delta channels.

Head of Old River Permanent Fish Tidal Gate

For all SDIP operational scenarios, the permanent fish control gate at the head of
Old River was closed from April 1 to May 31 and almost completely closed from
October 1 to November 30 of every year unless monthly average San Joaquin
River flows at VVernalis exceed 10,000 cfs. The closure was assumed to be
complete in April and May, although the actual fish control gate may have some
flow through the fish ladder or passage feature (i.e., submerged opening) that is
designed for adult fish migration passage. The partial closure of the fish control
gate in October and November was simulated by using a flow coefficient of 0.02.
Simulation results indicate that about 10-15% of the San Joaquin River flow is
diverted into Old River during the partial closure periods.

The head of Old River gate operation during the summer period of June—
September was simulated by assuming that a diversion of 500 cfs would be
regulated by partial gate closure, whenever the San Joaquin River flow was
between 800 cfs and 2,500 cfs. This generally increased the San Joaquin River
flow past Stockton during the summer months. This reduction in existing
conditions diversions into Old River generally reduced the salinity in the south
Delta channels. This 500-cfs diversion was simulated with the “object to object”
transfer from node 8 to node 48.

Permanent Agricultural Tidal Gates

Three permanent agricultural tidal gates are proposed:
m a Middle River gate near the confluence of Middle River and Victoria Canal,

m a Grant Line Canal gate at the west end of the canal (the temporary Grant
Line Canal barrier is at the east end of the canal),

m and an Old River gate near the DMC (Figure D-120).

These tidal gates will be able to be opened or closed to allow water to pass
upstream of the gates during rising tides and to prevent water levels upstream of
the gates from dropping below a target water level during receding tides.

These gates generally will be open during all flood-tide periods (upstream flow
coefficient of 0.80) to allow water to pass upstream of the gates during rising
tides. The Middle River and Old River gates would then be closed during ebb-
tide periods (downstream flow coefficient of 0.0) to prevent water levels
upstream of the gates from dropping below a target water level during receding
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tides (Figure D-124). The actual flow control would be achieved by raising the
tidal gates after each high tide. The model simulated this flow control with the
directional flow coefficients. The Grant Line Canal gate would be raised to an
elevation of —0.5 foot during ebb-tide periods to allow the south Delta channels
to partially drain through the Grant Line Canal tidal gate while maintaining water
elevations of greater than the 0.0 feet msl target elevation. This was simulated
with a series of culverts with a crest elevation of —0.5 feet. These agricultural
gate operations were simulated in all months of the year, unless the San Joaquin
River flow at Vernalis was greater than a specified threshold, as described below.

The gates were not all operated when the monthly average San Joaquin River
flow at Vernalis was greater than specified thresholds because it was assumed
that these gate operations would not be needed during these periods of higher
flows. The head of Old River summer (i.e., June-September) diversion flow of
500 cfs was not simulated (gate remained fully open) whenever the San Joaquin
River flow was less than 800 cfs or greater than 2,500 cfs. The Middle River
gate was not closed during ebb-tide periods whenever the San Joaquin River flow
was greater than 2,500 cfs. The Old River gate was not closed during ebb-tide
periods whenever the San Joaquin River flow was greater than 4,000 cfs. The
Grant Line Canal gate was not closed as a weir with elevation of —0.5 foot msl
whenever the San Joaquin River flow was greater than 8,000 cfs. All three
agricultural tidal gates were operated (as described above) during the periods
when the head of Old River gate was closed or partially closed.

Adaptive Operation of the
Permanent Agricultural Tidal Gates

Actual operation of these agricultural gates would be controlled by a combination
of real-time field measurements of tidal elevation and salinity (EC) and would be
generally guided by the GORT that will advise DWR and Reclamation operators
through the normal procedures of the DAT of the CALFED operations group.

More discussion of the likely adaptive operations of the tidal gates is provided in
Section 5.2, Delta Tidal Hydraulics.

Middle River Dredging

The DSM2 geometry was modified to reflect the anticipated dredging in Middle
River. The dredging criteria call for a 1:3 slope (depth: width) starting at and
below 100 feet channel width. The channel geometry input files for DSM2 were
examined, and it was determined that the shallowest (-3.5 feet msl) cross section
occurs at the upstream end of DSM2 channel 125. To accomplish an additional
2 feet of dredging, a whole number of -6 feet msl was chosen to be the
approximate channel bottom for the dredged portion of Middle River,
represented by DSM2 reaches from 125 to 129 (Figure D-125). Once these
criteria were set, CSDP was used to generate the dredged geometry. This
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modified Middle River geometry was used for all SDIP alternatives. No changes
were simulated for other south Delta channels.

Delta Cross Channel Gate Operations

The same operations were used for the DCC gates for all DSM2 simulations
(baselines and SDIP alternatives). The number of days each month that the DCC
gates were open for the 16-year DSM2 simulations is given in Table D-14. For
months in which the gates were open for part of the month, DSM2 simulated that
gate as open starting on the first day of the month and closed after the designated
number of days. For example, in December 1975, the gates were open for the
first 16 days of the month (December 1-16) and closed for the remainder of the
month, starting on December 17. For this study, the two gates at the DCC were
operated together, either both open or both closed.

Table D-14. Number of Days per Month That the Delta Cross Channel Gates Were Open

Number of Days by Year

Month 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991

Jan 11 11 0 11 0 11 0 0 0 11 11 11 0 11 11 11
Feb 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Mar 0 0 0 0 0 0 0 0 0 0 0 0
Apr 0 0 0 0 0 0 0 0 0 0 0 0
May 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Jun 260 26 26 26 26 26 26 0 26 26 26 26 26 26 26 26
Jul 3. 3 3 31 33 3 3 31 33 31 3 31 31 31 31 31
Aug 33 33 33 3 3 3 3 3 33 3@ 3@ 31 3 31 31 31
Sep 30 30 30 30 30 30 30 0 30 30 30 3 30 30 30 30
Oct 33 3 31 3 313 3 31 3 31 313 31 313 31 31 31 31
Nov 20 20 20 20 20 20 0 0 0 0 20 20 20 20 20 20
Dec 16 16 16 16 16 16 0 0 0 16 16 16 16 16 16 16

Delta Island Consumptive Use

In DSM2, DICU is represented by three components:

m irrigation diversions from channels onto Delta islands,

m drainage and return flows from Delta islands into the surrounding channels,

and

m  seepage.

Thus, the net DICU is computed by the following relationship:
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Net DICU = Diversions — Drainage + Seepage

Positive values of net DICU indicate a net depletion of water from the Delta
channels, whereas negative values indicate net return flows from the Delta
islands into the channels.

For this study, DICU values for the 2001 and 2020 levels of development (Figure
D-126) were computed for 257 locations in the Delta using DWR’s DICU model
(Mahadevan 1995). The same DICU values were used for all simulations at the
same level of development. In other words, DICU was not modified in the SDIP
alternatives.

Monthly average DICU values for both the 2001 and 2020 levels of development
are shown in Figure D-127. DICU follows a seasonal pattern, with the largest
consumption during the summer, when water is withdrawn from the Delta for
irrigation. The highest return flows occur during the winter, as runoff flows from
the islands into the channels.

Water Quality

This section describes the methods used for the QUAL module and the validation
of the salinity (EC) patterns simulated with this module. The QUAL module is
described above in “Tidal Hydraulic and Water Quality Modeling Methods.”

Water Quality Boundary Conditions for SDIP Studies

For SDIP simulations, salinity was the main constituent considered for the water
quality simulations. EC was simulated as a surrogate for salinity. EC boundary
conditions are summarized in Table D-15.
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Table D-15. Electrical Conductivity Boundary Conditions for DSM2 16-Year Simulations

Location

Boundary Condition

Martinez

Sacramento River
San Joaquin River
Mokelumne River
Cosumnes River
Calaveras River
Yolo Bypass

Delta islands return flows

Computed by modified G-model using adjusted astronomical tide and Net Delta
Outflow from CALSIM Il (15-minute)

Constant value = 175 puS/cm
From CALSIM lII, adjusted for VAMP (monthly, bimonthly during VAMP)
Constant Value = 150 pS/cm
Constant Value = 150 uS/cm
Constant Value = 150 uS/cm
Constant value = 175 uS/cm

Monthly values that do not vary year to year (e.g., every January has the same value,
every February has the same value), nor do the values vary with level of development
(e.g., 2001 and 2020)

Note: uS/cm = microSiemens per centimeter.

Electrical Conductivity of Inflows

The major source of salinity in the Delta is tidal inflow from the ocean. Salinity
from the ocean is represented in DSM2 by specifying EC concentrations at
Martinez. An empirical model known as the “modified G-model” is used to
compute a 15-minute time series of EC at Martinez, based on an adjusted
astronomical tide and net delta outflow (Ateljevich 2001b). Thus, each
simulation has a slightly different EC boundary condition at Martinez reflecting
the Net Delta Outflow for that scenario. For illustrative purposes, the EC
boundary condition at Martinez for the 2020 baseline conditions with temporary
barriers is shown in Figure D-128.

Freshwater inflows into the Delta tend to have low salinity concentration except
when the inflow is affected by agricultural return flows. For these SDIP
simulations, EC values for the San Joaquin River at Vernalis were provided by
CALSIM II, thus EC concentrations at VVernalis varied for each simulation. For
illustration purposes, EC concentrations for the San Joaquin River at Vernalis for
the 2020 baseline conditions with temporary barriers are shown in Figure D-129.
At all other freshwater inflow locations, constant EC boundary conditions were
specified (Table D-15).

Agricultural Drainage EC Estimates

Monthly, regional representative values for monthly EC values in the Delta were
determined based on available historical data. These representative EC values
were determined for three regions in the Delta: the north, west, and southeast

South Delta Improvements Program October 2005
Appendices to the Draft Environmental Impact D-86
Statement/Environmental Impact Report J&S 02053.02



U.S. Department of the Interior, Bureau of Reclamation, DSM2 Delta Tidal Hydraulic and
and the California Department of Water Resources Water Quality Modeling Methods and Results

regions (Figures D-130 and D-131). These monthly representative values of EC
drainage follow a seasonal trend, with highest concentrations during the runoff
season in late winter and spring and peak concentrations during January or
February (north region approximately 820 microSiemens per centimeter [uS/cm],
west region approximately 1,890 uS/cm, and southeast region approximately
1,350 uS/cm). Minimum drainage EC concentrations occur in July and August
(north region approximately 340 uS/cm, west region approximately 920 uS/cm,
and southeast region approximately 740 uS/cm). From a geographic point of
view, representative EC concentrations were highest for the west region, which is
closest to the ocean (the major EC source in the Delta), and lowest in the north
region, which has the most freshwater inflow.

In DSM2, the monthly representative EC values for each region in the Delta were
assigned to the DICU nodes located in that region. DSM2 uses these
representative EC values for each month of the year and repeats the yearly
sequence for each year of the simulation. In other words, although the drainage
EC varies monthly in DSM2, the same values are used in the same month each
year (e.g., the same EC values are used each January). Thus the drainage EC
values do not reflect factors such as water year type. The same drainage EC
values were used for all DSM2 simulations, regardless of the level of
development (e.g., there were not separate drainage EC values for the 2001 and
2020 levels of development).

Validation of DSM2 (Electrical Conductivity) Results

DSM2 simulates EC as a function of the tidal boundary EC at Martinez and the
tidal hydraulics and mixing in the Delta channels. One of the most important
aspects of the DSM2 EC simulations is the seawater intrusion from Martinez.
The EC at the western Delta locations is found to be a function of Delta outflow,
with higher outflow reducing the seawater intrusion and lowering the EC at
western Delta locations. The historical measurements of EC as a function of
estimated Delta outflow are reviewed below to establish this outflow-EC
relationship. The DSMZ2 results for a range of Delta outflows are then compared
with these historical measurements.

Historical Measurements of Delta Outflow and Salinity

Models are simplifications of reality that allow our basic understanding of the
processes within the system of interest to be tested and evaluated. The models
are formulated based on a review of the available data and previous experiences
with similar systems. The models must rely on historical measurements to
provide inputs. The model results are then compared with the field
measurements from other locations in the system (besides the boundaries or
inflows) to determine whether the historical conditions can be accurately
simulated with the model equations and calculations.
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Continuous (15-minute) EC measurements were begun as early as 1961 at
several important locations in the Delta. The minimum, average, and maximum
daily EC values were stored in the EPA STORET database for 1968—-1995.
Many of the station’s 15-minute EC data are now available from the IEP and
CDEC databases (i.e., websites). The Delta EC data for water year 1987 will be
used as an example to introduce and describe the basic EC patterns in the Delta
as a function of Delta outflow and other environmental conditions.

Delta Outflow During Water Year 1987

The top of Figure D-132 shows the daily outflow estimated from the measured
inflow, measured exports, estimated rainfall runoff, and estimated net agricultural
diversions (i.e., channel depletions). There is some uncertainty in these Delta
outflow estimates because the rainfall runoff (i.e., drainage) and net channel
depletions in the Delta were not measured. The direct tidal flow measurements
made by the USGS tidal flow stations at Rio Vista, Jersey Point, Threemile
Slough, and Dutch Slough now (since 1997) provide an alternative estimate of
Delta outflow. For this review of the 1987 EC data, without a direct
measurement of the 1987 outflow, there is uncertainty in the Delta outflow
values.

The bottom of Figure D-132 shows the seasonal response of the average EC at
several western Delta stations. The daily salinity does show a short-term
variation, but the general EC response appears to follow a lagged or moving
average “effective” outflow.

The effective Delta outflow is the equivalent steady-state outflow that will
maintain the observed EC value at a particular monitoring station. This
methodology was introduced by CCWD staff (Denton 1993), as an appropriate
calculation for understanding the response of salinity in western Delta locations
to changes in Delta outflow. It was referred to as the G-model by CCWD staff.
Calculations of effective outflow incorporate the sequence of previous Delta
outflows. The end-of-month effective outflow is calculated as a function of the
previous month’s effective outflow and this month’s average outflow:

End - of - Month Effective Outflow (cfs) =

Outflow — Outflow
1+ - —1l|xexp| ———
Old Effective Outflow 6,600

where the value of 6,600 cfs is the monthly response factor suggested by CCWD
staff. A response factor of 175,000 cfs was used for the daily effective outflow
equation.

Monthly Outflow (cfs) x

A second adjustment is made to calculate the monthly average effective outflow,
assuming that the monthly average flow is held constant through the month so
that the effective outflow approaches the end of month value exponentially (i.e.,
a step change response). The overall change in the monthly effective outflow
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will be a delayed change in the monthly outflow values. For example, if the
effective Delta outflow is 4,000 cfs (which is relatively low), a change in Delta
outflow would require 3 months to adjust the monthly average effective outflow.
If, however, the effective Delta outflow is 10,000 cfs, a change in Delta outflow
would require only 2 months to adjust the monthly average effective outflow.
And if the Delta outflow is 20,000 cfs (which is relatively high), a change in
Delta outflow would require only 1 month to adjust the monthly average
effective outflow.

Relationship between Effective Delta Outflow and
Electrical Conductivity in the Western Delta

Figure D-133 shows the relationship between Delta outflow and the daily
average EC measurements at Benicia, Collinsville, Antioch, and Jersey Point.
The top of Figure D-133 indicates that the daily EC values show a somewhat
scattered relationship with the daily outflow estimates. However, if the G-model
equation is used to provide a moving-average or “effective outflow,” the
relationships between the daily EC values and the effective outflow follow more
closely a negative exponential curve, which is the pattern expected for an estuary
with tidal mixing and variable inflow.

The top of Figure D-134 shows the daily minimum, average, and maximum EC
for the Martinez EC station, located at the downstream end of Suisun Bay

(35 miles upstream of the Golden Gate Bridge), for water year 1987. A negative
exponential has been estimated for the daily average EC as a function of effective
outflow:

Martinez EC (xS/cm) = 30,000 x exp(—0.00007 x effective outflow) + 250

The bottom of Figure D-134 shows the negative exponential relationship for
Jersey Point, which was estimated as:

Jersey Point EC (xS/cm) =12,000 x exp(—0.0006 x effective outflow) + 250

This same estimation procedure works reasonably well for other years of data at
most of the western Delta stations from Martinez (Benicia) to Jersey Point.

Confirmation of DSM2 Outflow-Salinity Relationship

The DSM2 results for the 16-year period of 1976-1991 indicated similar
negative exponential relationships between effective Delta outflow and EC at
four locations (Chipps Island, Emmaton, Jersey Point, and Old River at the
mouth of Rock Slough). The negative exponential relationships between
effective Delta outflow and EC can therefore be used to provide an assessment of
salinity effects from changes in Delta outflow caused by the SDIP operations for
the entire 73-year assessment period.
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Figure D-135 shows the adjustments in monthly average effective outflow for the
1976-1991 period of monthly outflows in the 2001 baseline CALSIM II
simulation. The effective outflow never drops below the 3,000-cfs minimum
required Delta outflow specified in the State Water Board water right decision
D-1641. The effective (G-model) outflow values throughout this period remain
above 4,000 cfs. The salinity (EC) will therefore be higher than if the monthly
CALSIM Il outflow values were directly controlling salinity values. Figure D-
135 also shows a comparison of the effective outflow for the 2001 baseline
conditions and the historical effective outflow for 1976-1991. Some of the
lowest historical effective outflow values were less than 4,000 cfs and
approached 3,000 cfs at the beginning of water year 1978, 1986, 1988, and 1989.
The D-1641 objectives as simulated in CALSIM I will maintain the effective
outflow above 4,000 cfs.

The following equations were used for the selected western Delta locations
where the effective outflow could be used to approximate salinity changes from
effective outflow changes:

Benicia EC (#S/cm) = 30,000 x exp(-0.00007 x effective outflow) + 250
Chipps Island EC (xS/cm) = 29,000 x exp(-0.00025 x effective outflow) + 250
Emmaton EC (S/cm) = 20,000 x exp(-0.00050 x effective outflow) + 250

Jersey Point EC (xS/cm) =12,000 x exp(-0.00060 x effective outflow) + 250

The CCWD has suggested that estimates of Rock Slough chloride concentration
generally follow a weighting of the current (0.55) and previous (0.45) Jersey
Point EC values. The Rock Slough chloride was assumed to be 0.11 times the
weighted Jersey Point EC values. This method introduces an additional lag of
about a month between when the effective outflow shifts and when the Rock
Slough chloride will increase:

Rock Slough chloride (milligrams per liter [mg/I]) =
011x (0.45 previous Jersey Point EC + 055 Jersey Point EC)

At high outflows, salinity intrusion from the bay will be a minimum, and each of
these negative exponential equations will approach the assumed background
values. Because of the variation in the chloride/EC ratio, a second estimate of
the negative exponential relationship between effective outflow and chloride at
Rock Slough was used. The two methods give nearly equivalent results. This
second method will show a change in the same month that effective outflow
changes. The negative exponential that matches the historical monthly Rock
Slough chloride is:

Rock Slough chloride (mg/l) = 1,250 x exp(- 0.00050 x effective outflow ) + 25

The following sections summarize observed historical Delta EC patterns and
compare observed and DSM2-simulated EC values to demonstrate confirmation
that the DSM2 model simulations of Delta salinity conditions follow the effective
outflow (G-model) patterns.
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Benicia (Martinez)

This station is considered the downstream limit of the Delta and is the “ocean
tidal boundary” for DSM2. The relationship between effective Delta outflow and
salinity at Benicia provides important confirmation of the validity of this
boundary designation, although there are no water quality objectives at this
station.

Figure D-136 shows the times series of measured monthly EC and estimated EC
calculated from the historical effective outflow and the assumed negative
exponential equation for the 1976-1991 simulation period. The bottom of the
figure indicates that the negative exponential shape does describe most of the
variation in monthly average EC values. Variations in the predicted values may
be caused by uncertainty in the Delta outflow (these must be estimated from
measured inflows minus exports and minus approximate net Delta channel
depletions). Additional variations arise from monthly average EC values, which
may deviate from the average monthly estimates if substantial daily changes in
flow occurred. There are no potential salinity impacts at Benicia because there
are no salinity objectives at Benicia.

Pittsburg (near Chipps Island)

Figure D-137 shows the measured monthly average EC at Pittsburg (1.2 miles
upstream of Chipps Island) for 1976-1991 and the effective outflow and negative
exponential EC estimates for historical Delta outflows. The effective outflow
estimates of EC match relatively well the measured monthly average EC values.
The negative exponential relationship with effective Delta outflow is generally
confirmed. The variations in the EC data are most apparent during periods of
low Delta outflow, when effects of salinity intrusion are greatest and Delta
outflow values are most uncertain.

EC values at Pittsburg increase to above 3,000 uS/cm at an effective outflow of
about 10,000 cfs. Because Chipps Island is slightly downstream of Pittsburg, the
effective Delta outflow necessary to maintain the X2 position downstream of
Chipps Island, as required under the 1995 WQCP (D-1641), is slightly more,
about 12,500 cfs. The response of EC at Chipps Island to changes in Delta
outflow caused by SDIP operations can be adequately estimated from the
effective outflow estimates, based on the CALSIM Il monthly outflow for each
alternative. Although there is no EC objective at Chipps Island, this historical
comparison demonstrates the general validity of the effective outflow (G-maodel)
methodology that uses the monthly CALSIM Il model outflow to estimate
equivalent salinity values.

Emmaton

Figure D-138 shows the measured monthly average EC at Emmaton for 1976—
1991 and the effective outflow estimates of EC at Emmaton. There is a general
match with the measured monthly average EC values, but there is considerable
variability in the negative outflow pattern.

EC values at Emmaton increase above 3,000 uS/cm at an effective outflow of
about 4,000 cfs. Emmaton has agricultural EC objectives that apply from April 1
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to August 15, which vary with the Sacramento water year type. The EC
objective is generally 450 uS/cm from April 1 to a specified date and then
increases to a second EC objective for the remainder of the period. The EC
objective is relaxed to 2,780 puS/cm in critical years. The objective is satisfied if
the maximum 14-day running average is less than the objective. These variable
EC objectives at Emmaton can only be matched approximately with the monthly
CALSIM Il model.

Jersey Point

Figure D-139 shows the measured monthly average EC at Jersey Point for 1976—
1991 and the effective Delta outflow estimates for historical Delta outflows. The
effective outflow estimates match the measured monthly average EC values
relatively well. The negative exponential relationship with effective Delta
outflow at Jersey Point is generally confirmed.

EC values at Jersey Point increase above 2,000 uS/cm at an effective outflow of
about 4,000 cfs. The historical EC values at Jersey Point are lower (by about
25%) than the EC values at Emmaton. The effective outflow estimates of EC at
Jersey Point provide generally accurate simulations of Jersey Point historical EC
patterns.

The agricultural EC objectives at Jersey Point are similar to those at Emmaton.
The objective is applied from April 1 to August 15. During critical years, the
objective is relaxed to 2,200 uS/cm. Because Jersey Point EC objectives are
lower than Emmaton, Jersey Point is often the controlling location when the
salinity intrusion from relatively low effective outflow is substantial during the
irrigation season.

Rock Slough

Figure D-140 shows the measured monthly average EC at the CCWD Rock
Slough intake for 1976-1991 and the G-model estimated EC for historical Delta
outflow. The negative exponential relationship with effective Delta outflow is
generally confirmed at low Delta outflows. Some of the scatter in the CCWD EC
measurements may be attributed to uncertain monthly outflow estimates and
monthly averaging of EC during periods of large outflow changes. The effects of
San Joaquin River inflows and local agricultural drainage on CCWD EC
measurements are also likely causes for some of the differences between
measured and simulated EC values at the CCWD diversion. The graph suggests
that the EC at Rock Slough can be maintained below the objective of 1,000
pS/cm with an effective outflow of at least 3,750 cfs.

Figure D-141 shows the measured monthly average chloride concentration at the
CCWD Rock Slough Pumping Plant #1 for 1968-1994 compared with the
estimated EC values. The negative exponential relationship with effective Delta
outflow is generally confirmed at low Delta outflows. An effective outflow of
3,500 cfs will apparently maintain the chloride concentrations below the

250 mg/l objective. An effective outflow of 4,500 cfs will maintain the 150 mg/I
objective during the portions of each year that it is required. Only the outflow
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effects on Rock Slough chloride are simulated with the effective outflow
(G-model) relationships.

DSM2-Simulated Salinity (Electrical Conductivity) for
the No Action Alternative

Possible impacts of the SDIP alternatives are compared with Delta water quality
conditions represented by the (2001 baseline) No Action Alternative. The No
Action Alternative is simulated with CALSIM Il to represent likely Delta
conditions that would result from a repeat of the historical hydrologic sequence
but with existing water project facilities (i.e., reservoirs, diversions, and canals)
and with current levels of demands for upstream diversions and Delta exports.
Delta water quality conditions are assumed to be controlled by objectives of the
1995 WQCP (D-1641) and other applicable water rights, agreements, and
requirements.

No Action Alternative conditions and historical conditions are different because
of the changes in upstream reservoir operations and diversions, revisions in Delta
water quality objectives and requirements, and increased demands for Delta
exports. The comparison between salinity conditions simulated for the No
Action Alternative and those simulated for historical conditions are presented
here to provide a reference.

For the 1976-1991 period, the DSM2-simulated baseline EC values are shown
compared to the effective outflow estimates and the historical EC data.

Simulated Electrical Conductivity at Benicia (Martinez)

Figure D-142 shows the comparison of DSM2-simulated EC values and effective
outflow estimates of EC at Benicia for 1976-1991 for the 2001 baseline (No
Action Alternative). The DSM2 EC values are compared with the effective
outflow EC estimates and with the historical EC measurements. The No Action
Alternative will generally have slightly lower EC values than historical EC
because the minimum-allowed Delta outflows are now generally higher than
during the historical period. The DSM2 EC values are slightly lower than the
effective outflow estimates, but the boundary conditions estimated from the
downstream end of this model segment (441) are closer to the data. The DSM2-
simulated values generally confirm the relationship between effective outflow
and EC values caused by the salinity intrusion from San Pablo Bay at low Delta
outflow.

Simulated Electrical Conductivity at Chipps Island

Figure D-143 shows the comparison of DSM2-simulated EC values and effective
outflow estimates of EC at Chipps Island for 1976-1991 for the 2001 baseline
(No Action Alternative), with historical Pittsburg EC measurements shown as a
reference. The Pittsburg EC data are lower than the corresponding Chipps Island
EC measurements because Pittsburg is 1.2 miles upstream of Chipps Island. The
current EC measurements for Chipps Island are actually collected across the
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channel at Mallard Slough. The DSM2-simulated EC values are higher than the
effective outflow estimates because the effective outflow estimates were based
on the slightly lower Pittsburg data. The negative exponential equation could be
adjusted to better match the DSM2 EC values. The DSM2-simulated EC values
directly confirm the relationship between effective outflow and EC values caused
by the salinity intrusion from Suisun Bay at low Delta outflow.

Simulated Electrical Conductivity at Emmaton

Figure D-144 shows the comparison of DSM2-simulated EC values and effective
outflow estimates of EC at Emmaton for 1976-1991 for the 2001 baseline (No
Action Alternative). The CALSIM Il model includes an estimate of EC at
Emmaton (part of the ANN module to maintain compliance with salinity
standards). Also shown are the effective outflow EC estimates. The DSM2 and
the CALSIM-ANN estimates generally confirm the negative exponential
relationship with effective outflow. There are additional variations in the DSM2
and ANN estimates, which are generally higher than the effective outflow
estimates.

Simulated Electrical Conductivity at Jersey Point

Figure D-145 shows the DSM2-simulated EC values and effective outflow
estimates of EC at Jersey Point for 1976-1991 for the 2001 baseline (No Action
Alternative). The DSM2 and the CALSIM 11 estimates generally confirm the
negative exponential relationship with effective outflow. However, the DSM2
and the CALSIM estimates of EC at Jersey Point are slightly higher than the
effective outflow estimates. It appears that the DSM2-simulated EC at Jersey
Point is too high. This high EC value may cause CALSIM to estimate too high
of an outflow during months when Jersey Point EC is controlling the Delta
outflow.

There are additional variations in the DSM2 and ANN estimates that are likely
caused by EC contributions from agricultural drainage. However, because these
components of the Jersey Point EC are not expected to change substantially with
SDIP alternatives, only the changes in simulated outflow will produce significant
EC changes. For impact assessment purposes, the negative exponential
relationship of Jersey Point EC with effective outflow will provide a consistent
EC estimate for evaluating the potential salinity impacts at Jersey Point.

Simulated Electrical Conductivity at Rock Slough

Figure D-146 shows the DSM2-simulated EC values and effective outflow
estimates of EC at Rock Slough for 1968-1991 for the 2001 baseline (No Action
Alternative). The DSM2 and the CALSIM estimates generally confirm the
negative exponential relationship with effective outflow. The DSM2 and the
CALSIM estimates of EC at Rock Slough are sometimes higher than the
effective outflow estimates. This is likely caused by agricultural drainage
contributions to EC at Rock Slough.

Rock Slough EC is the most “upstream” location where the salinity intrusion
effects can be accurately estimated with the negative exponential relationship
with effective outflow. It is also the most upstream location with CALSIM-ANN
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estimates of EC values. The monthly EC values at all south Delta locations are
simulated only in DSM2 for the 1976-1991 period.

Validation of DSM2-Simulated Salinity (Electrical
Conductivity) Patterns

This last section shows the direct historical confirmation of the DSM2 salinity
(EC) calculations for the 1990-1999 period. The calibrated DSM2 QUAL
module was used to simulate this 10-year period. The daily average EC values
are compared to the measured data from several western Delta stations to
demonstrate the accuracy of the DSM2 simulations of EC.

Martinez

Figure D-147 shows the simulated and measured EC values at Martinez, the
downstream boundary for DSM2. The simulated average daily EC values for
segment 441 are slightly less than the measured values, which were used as the
downstream boundary for model segment 441. The maximum EC value at
Martinez is often about 25,000 uS/cm, corresponding to an effective outflow of
about 5,000 cfs. The first 3 years were quite dry, with extended periods of EC
values around 25,000 uS/cm. EC values below 10,000 uS/cm require an
effective outflow of more than 20,000 cfs. Periods of higher outflow were
observed in 1993 and 1995-1999. The match is very good because these
measured values are used as boundary conditions for the historical simulations.

Port Chicago

Figure D-148 shows the simulated and measured EC values at Port Chicago, the
downstream compliance location for the X2 objective. The simulated average
daily EC values are slightly (i.e., 10%) less than the measured values. The
changes between the initial calibration and the final calibration are small because
there is not much to adjust (only three model segments) between the downstream
boundary and this location. The maximum EC value at Port Chicago is often
about 20,000 uS/cm, corresponding to an effective outflow of about 5,000 cfs.
The simulated and measured EC values at Port Chicago are a slightly dampened
image of the Martinez EC patterns.

Pittsburg

Figure D-149 shows the simulated and measured EC values at Pittsburg. The
simulated average daily EC values are close to the measured EC values. The
change between the initial calibration and the final calibration raised the EC
values by about 20% to match the measured data more closely. The maximum
measured EC value at Pittsburg is about 15,000 pS/cm, corresponding to an
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effective outflow of about 3,000 cfs. The simulated and measured EC values at
Pittsburg are lower than 1,000 uS/cm for longer periods because an outflow of
more than 15,000 cfs will substantially reduce the salinity intrusion at Pittsburg.

Collinsville

Figure D-150 shows the simulated and measured EC values at Collinsville, the
upstream X2 compliance location. The simulated average daily EC values are
very close to the measured EC values most of the time. However, there are
several periods when the simulated EC values are higher than the measured
values, indicating that the estimated Delta outflow values used in the historical
simulation were too low. The change between the initial calibration and the final
calibration raised the EC values considerably to match the measured data more
closely. The maximum measured EC value at Pittsburg is about 10,000 uS/cm,
while the simulated EC was 12,000 uS/cm at the end of water year 1990 and
1991.

Emmaton

Figure D-151 shows the simulated and measured EC values at Emmaton. The
simulated average daily EC values are close to the measured EC values most of
the time. However, there are several periods when the simulated EC values are
higher than the measured values, indicating that the estimated Delta outflow
values used in the historical simulation were too low. There are also a few
periods when the simulated EC is too low (January 1998), suggesting that the
Delta outflow was slightly lower than simulated. The periods of discrepancies
are the same as at Collinsville. The change between the initial calibration and the
final calibration raised the EC values considerably to match the measured data
more closely. The maximum measured EC value at Emmaton is about

4,000 uS/cm, corresponding to an effective outflow of about 3,500 cfs.

Jersey Point

Figure D-152 shows the simulated and measured EC values at Jersey Point. The
simulated average daily EC values are close to the measured EC values most of
the time after 1992. However, there are several periods when the simulated EC
values are higher than the measured values in the first 3 years, indicating that the
estimated Delta outflow values used in the historical simulation were too low.
There are also a few periods when the simulated EC is too low (January 1998),
suggesting that the Delta outflow was slightly lower than simulated. The periods
of discrepancies are generally the same as at Emmaton. The change between the
initial calibration and the final calibration raised the EC values considerably to
match the measured data more closely. The maximum measured EC at Emmaton
is about 2,000 uS/cm, corresponding to an effective outflow of about 4,000 cfs.
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