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IN-DELTA STORAGE PROGRAM

FOREWORD

The primary goal of the CALFED Bay-Delta Program is to develop and implement a balanced plan to
restore ecosystem health, improve levee stability in the Delta, and improve water quality and water supply
reliability. The CALFED program elements such as storage, levee rehabilitation, the Environmental

- Restoration Program and the Environmental Water Account, are aimed at achieving balance in the Delta

and meeting competing needs of the ecosystem and water-users. Any future storage development in the
Bay-Delta region should provide a solution to reduce major conflicts among beneficial uses of water. A
resolution of issues in the Delta must be achieved.

Due to the vulnerable nature of the Delta soils, frequently changing water levels, and future potential for
regional development, it is important that any potential storage projects be safe under severe tests of
operations, extreme natural events, and should be durable for maintenance within the foreseeable
resources of the CALFED Agencies and stakeholders. In addition to technical feasibility, the proposed
storage project should be economically viable and beneficiaries must be willing to pay for it.

In-Delta storage development is a potential water management opportunity that can contribute to water
supply reliability and help meet the Delta ecosystem restoration goals. The Bay-Delta region is an
important link between the Sacramento River and the San Joaquin River basins and storage in this region
will capture surplus water which would otherwise end up in the San Francisco Bay and the Pacific Ocean.
This opportunity cannot be availed without broad public acceptance.
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Chapter 1
EXECUTIVE SUMMARY

1.1 Introduction

In-Delta storage investigations were authorized under the CALFED Integrated Storage Investigations
Program as defined in the Memorandum of Understanding (MOU) signed on August 28, 2000, between
the State and Federal agencies (collectively, the CALFED Agencies). The CALFED Final Programmatic
EIS/EIR Record of Decision (ROD) identified In-Delta storage as one of five surface storage projects
(Shasta, Los Vaqueros, In-Delta, Sites Reservoir, and 250-700 TAF of additional storage in the upper
San Joaquin River watershed). As a part of the In-Delta storage investigations, CALFED Agencies also
decided to explore the lease or purchase of the Delta Wetlands Project (Figure 1), a private proposal by
Delta Wetlands Properties Inc. to develop and market a water storage facility in the Sacramento-San
Joaquin Delta (Delta). The ROD included an option to initiate a new project if the Delta Wetlands (DW)
Project proves cost prohibitive or technically infeasible.

The California Department of Water Resources (DWR) and the CALFED Bay-Delta Program, with
technical assistance by the U.S. Bureau of Reclamation (Reclamation), have conducted a joint planning
study to evaluate the DW Project and other In-Delta Storage options for meeting CALFED water supply
reliability and ecosystem restoration objectives. Six technical and financial feasibility studies of the Delta
Wetlands Project have been conducted: water supply reliability, impacts on water quality, engineering
feasibility, environmental impacts, economic justification, and policy and legal. This report presents
summary information on potential reservoir operations, engineering design and cost considerations, water
quality, potentially significant environmental impacts, financial feasibility, and policy and legal
considerations. Findings, conclusions and recommendations of the study and information on a future
strategy for project implementation, are also presented in this report.

1.2 Project Background
1.2.1 Purpose and Need for In-Delta Storage

The purpose of In-Delta storage is to help meet the ecosystem needs of the Delta, Environmental Water
Account (EWA) and Central Valley Project Improvement Act (CVPIA) goals, provide water for use within
the Delta and increase reliability, operational flexibility and water availability for the south of the Delta
water use by the State Water Project (SWP) and the Central Valley Project (CVP).

The flexibility would be achieved by providing an opportunity to change the timing of Delta exports and
new points of diversion that could be selectively used to minimize impacts on fish. The Delta Wetlands
Project would divert water from the Delta to In-Delta storage during periods of high flow and low impacts
on fisheries. The stored water would allow curtailing export diversion at times most critical to the fisheries.
Due to its central location in the Delta, a reservoir could be useful to the California water system for these
reasons.

1. Increase water supply reliability.

2. Improve system operational flexibility

3. Allow reservoir space to be temporarily used for water transfers and banking.

4. Allow water to be stored and released to meet Central Valley Project Improvements Act and
Environmental Water Account goals and water quality constraints.

5. Allows surplus water to be stored during wet periods and when upstream reservoirs spill, permitting
water to be stored in the Delta and released into the San Joaquin River and other in-stream channels
for fisheries during dry periods.

integrated Storage Investigations 1
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1.2.2 Purpose of Habitat Islands

Purpose of the habitat islands is to mitigate
project impacts by developing and
protecting 9,000 acres of wildlife habitat on
two habitat islands, Holland Tract and
Bouldin Island. A Habitat Management
Plan will compensate for the loss of
Swainson's hawk and greater sandhill
crane foraging habitat, jurisdictional
wetlands and wintering waterfowl habitat.

A conjunctive wildlife friendly agricultural
use habitat is discussed in the DW Habitat
Management Plan. Further changes in this
plan will be required from public ownership
point. of view and could include
modifications to agriculture crops, seasonal
managed wetlands, pasture and emergent
marsh, etc.

1.2.3 Record of Decision Timeline

Figure 1: LOCATION PLAN DELTA WETLANDS PROJECT
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CALFED ROD established this decision timeline for the In-Delta Storage Program.

e Make decision as to whether to seek authorization for a feasibility study of alternatives (federal funds)

by October 2000.

e Select project alternative and initiate negotiations with Delta Wetlands owners or other appropriate
landowners for acquisition of necessary property by December 2001.

e Develop project plan that addresses local concerns about effects on neighboring lands and complete
any additional needed environmental documentation by July 2002.

e Complete environmental review and documentation, obtain necessary authorization and funding, and

begin construction by the end of 2002.

DWR and Reclamation completed reconnaissance level studies of the Delta Wetlands Project and other
alternatives and results are presented in a joint report titled “ Summary Appraisal Report,
Reclamation/DWR In-Delta Storage Investigations, November 2000”. This appraisal concluded the Delta
Wetlands Project could provide operational flexibility, unique to In-Delta storage, in meeting CALFED
objectives by storing in-stream flow releases from upstream reservoirs to later meet Delta outflow

requirements and enhance water reliability.

1.2.4 Guiding Principles

The current study was initiated in January 2001.

CALFED Bay-Delta Program was established in 1995 to develop a long-term comprehensive plan to
restore ecological health and improve water management for beneficial uses of the Bay-Delta system.
CALFED agencies including DWR and stakeholders have committed to develop a balanced plan to
restore ecosystem health, improve levee stability in the Delta, and improve water quality and water supply

Integrated Storage Investigations
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reliability. A set of principles was developed to achieve this balanced plan. In brief, CALFED’s principles
direct programs to: reduce conflicts in the system, be equitable, be affordable, be durable, able to be
implemented and impose no significant redirected impacts.

The following guidelines were developed based on these principles for evaluation of the In-Delta Storage
Program.

1.2.4.1 Achieve Resolution of Issues

A resolution of issues in the Delta region must be achieved. The proposed project must provide a solution
to reduce major conflicts among beneficial uses of water.

1.2.4.2 Storage Program Needs

Storage Program will be developed to provide water supply reliability, system flexibility and meet Delta
ecosystem needs. Solutions will be equitable and focus on solving problems. CALFED’s policy of willing
seller and willing buyer will be used to develop and screen alternatives. The proposed project should be
technically feasible as a public ownership project.

1.2.4.3 Safety and Public Health

All projects should meet safety and public health requirements under severe tests of operations, extreme
natural events and should be durable for maintenance within the foreseeable resources of the CALFED
Agencies and stakeholders.

1.2.4.4 Economic Viability

Solutions will have economic staying power and will sustain the resources they were designed to protect
and enhance. The project should be affordable and financially feasible. CALFED’s concept is
“beneficiaries must pay for the project” and beneficiary will pay only if the benefits of the project are
realized.

1.2.4.5 Implementation

Solutions will have broad public acceptance and legal feasibility, and will be timely and
relatively simple to implement compared with other alternatives.

1.2.4.6 No Direct Significant Impacts

All reasonable alternative solutions will be considered with due diligence and the best solution from a
public ownership point of view will be proposed. Solutions will not solve problems in the Bay-Delta system
by redirecting significant negative impacts, when viewed in their entirety, within the Bay-Delta or other
regions of California.

1.3 Scope of Present Evaluations

The main purpose of investigations presented in this report is to determine if the Delta Wetlands
proposed project is technically and financially feasible. As provided in the CALFED Record of Decision,
in case the project is infeasible or cost prohibitive, other available options for redesign or reconfiguration
of the Delta Wetlands Project are to be considered. During the State Water Resources Control Board
Delta Wetlands Year 2000 Hearings, adjacent landowners and stakeholders raised several issues.
Investigations focused on the following major issues identified during these hearings:

e Water supply reliability, flexibility and yield of the project
e  Water quality impacts at the urban intakes and the Delta streams

Integrated Storage Investigations 3
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e Engineering design, risk of failure due to operations, seismic and flooding events including seepage
and associated costs
Environmental impacts, monitoring and mitigation
Economic feasibility of the project
Policy and legal implications and CEQA and NEPA requirements.

The scope of studies conducted to find a resolution of these issues is briefly stated in the following
sections.

1.3.1 Operational Studies

Water supply yield from the In-Delta storage reservoirs was computed with the newly developed CALSIM
Il daily Delta operations model. The daily operations are important as standards to be met are daily
standards. CALSIM Il model synchronized north of Delta reservoir operations on a monthly basis and
diverted Delta surplus flows using a daily time step after meeting all the Delta requirements and
standards. South of the Delta operations are based on monthly operations using 2020-level water
demands. Information on water supply evaluations is given in Chapter 3, on Project Operations. A
separate February 2002, report provides details on modeling procedures titled, “In-Delta Storage
Program, Draft Report on Operation Studies.”

Operational flexibility and reliability are important factors for the State Water project, Central Valley
Project and provisions for the Delta water requirements. Operational constraints of meeting the Delta
water quality and flow standards include:

State Water Resources Control Board Decisions 1641 (1995Water Quality Control Plan)

Central Valley Project Improvement Act (CVPIA) including Vernalis Adaptive Management Plan
Delta Wetlands Permit Decision 1643, operational and water quality requirements

DFG Incidental Take Permit, and National Marine Fisheries Service and U.S. Fish and Wildlife
Biological Opinions

e Water Quality Management Plan Agreement between California Urban Water Agencies (CUWA) and
the Delta Wetlands Properties

Environmental Water Account

In-Delta Consumptive Use

Delta surplus flows available (in the base condition without the project) can be diverted to island
reservoirs. In addition, upstream and downstream water users can negotiate transferring water supplies
from north to south or banking water temporarily. Climate changes may occur over the life of the project.
A preliminary assessment of impact of this change on the project was included in this study.

1.3.2 Water Quality Evaluations
Water quality investigations included the following field, laboratory and modeling studies.

Field soil and water sampling programs
Laboratory experimentation and analyses
Bio-productivity studies

Water temperature and Dissolved Oxygen studies
Water quality modeling studies

DWR conducted the field water quality investigations under the Department’s Municipal Water Quality
Investigations Program (MWQI). Soil and water samples collected from Webb Tract and Bouldin Islands
were analyzed in Bryte Laboratory, Special Multipurpose and Research Technology Station (SMARTS).
Information from experiments combined with conceptual models and algorithms was used to predict the
changes in organic carbon concentrations in the Delta Wetlands proposed reservoirs from peat soils.

Integrated Storage Investigations 4
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Environmental Research Associates conducted bio-productivity studies. The main objective of these
studies was to predict the organic carbon component related to algae and aquatic plant bio-productivity
activity. Water temperature and Dissolved Oxygen studies were conducted by the Bureau to predict the
temperature and Dissolved Oxygen differences in reservoir and channel waters.

The DSM2 Water Quality Model was applied to compute organic carbon, salinity and other violations of
the standards imposed by the SWRCB and WQMP. A summary information on water quality studies is
presented in Chapter 4 of this report. Details on field investigations and DSM2 Modeling are provided in a
separate report titled, “In-Delta Storage Program Draft Report on Water Quality Investigations.” February
2002.

1.3.3 Engineering Investigations

The purpose of the engineering investigations was to evaluate the adequacy of the proposed DW Project
design assuming public ownership of the project. The scope of work included detailed engineering
investigations conducted jointly by Reclamation and DWR to evaluate the technical feasibility of the DW
Project as proposed and, where appropriate, investigate alternative modifications for improvements to the
DW proposal. To perform this evaluation, Reclamation/DWR used the information contained in the
EIR/EIS and in other reports pertaining to the DW Project along with new design analyses and field
information, such as mapping and geotechnical explorations, performed by Reclamation/DWR during
summer and fall of 2001.

The focus of Reclamation/DWR evaluations was on the following areas:
¢ Project Hydrology
¢ Field geotechnical and mapping investigations
o Evaluation of the DW proposed embankment design, ‘
¢ Risk assessment for potential failure of the DW Project due to operational, seismic, and flood events
including seepage to adjacent islands
Technical viability of the DW Project proposed fish screens, siphons and pumping stations structures
New Design Criteria based on Reclamation and DWR standards
Reclamation and DWR proposed designs for embankments and structures in relation to
improvements in design for a re-engineered project or a reconfigured project
¢ Estimation of project quantities and costs,
Overall Project Evaluation

URS and CH2M HILL Consultants performed risk analyses and evaluations of the proposed Delta
Wetlands fish screens, siphons and pumping stations respectively. Separate reports are available on
these studies. A summary of engineering studies is presented in Chapter 5 of this report. Details of
engineering investigations are presented in a report titled, “In-Delta Storage Program Draft Report on
Engineering Investigations.” February 2002. Sea level rise due to climate change may increase project
cost over time and this evaluation is included in the study.

1.3.4 Environmental Evaluations

The following evaluations are included in environmental studies undertaken for the In-Delta Storage
Program:

¢ Preliminary environmental surveys and field studies including terrestrial and biological resources,
cultural resources, recreational use and land use.

e Environmental evaluations related to the development of habitat management plans for the Delta
Wetlands and alternatives considering public ownership of the project.
Fish Screen evaluations
Environmental impacts assessments
Monitoring and mitigation plans and costs
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¢ Feasibility assessment of alternatives based on potential impacts, mitigation requirements and permit
complexity.

A summary of environmental evaluations is presented in Chapter 6 of this report. Details of these
investigations are given in a separate report titled "In-Delta Storage Program Draft Report on
Environmental Evaluations,” February 2002.

1.3.5 Economic Analyses
Economic analyses included assessment of the following:

e Evaluation of Equivalent Annual Cost of project implementation including costs of project
development, construction, mitigation and operation and maintenance.

e Benefits as a result of increased project exports, operational flexibility, CVPIA(b)(2), Environmental
Water Account and potential for water transfers.
Impacts on the Delta regional economy due to loss of agricultural lands and recreation
Qualitative description of institutional/social ramifications, environmental impacts, water quality
impacts, supply re-allocatiori, recreational and other benefits.

Further information on economic evaluations is presented in Chapter 7 of this report. As all benefits of
the project could not be evaluated in monitory terms, a benefit cost ratio was not assigned. Further
evaluations will be required to determine economic feasibility of the project. Further details on economic
analyses are presented in a separate report titled "In-Delta Storage Program Draft Report on Economic
Analyses,” February 2002.

1.3.6 Policy and Legal Implications

Scope of work for assessment of policy and legal implications of Delta Wetlands Project implementation
and additional requirements if alternative project is implemented, is as follows:

e Applicability of the Delta Wetlands EIS/EIR and permit applications to CALFED under 1) purchase, 2)
lease, or 3) water banking agreement arrangements
404 permit application/alternative analysis
Tiering off CALFED Programmatic EIS/EIR
Additional CEQA/NEPA compliance and permits necessary under these alternative implementation
arrangements
Analysis of potential service area impacts
Integration with SWP/CVP operations, limitations under various arrangements and NEPA/CEQA and
permit processes required to expand operations

o State/federal liability for such issues as seepage, impact on facilities and infrastructure and loss of
agricultural lands.

A summary of policy and legal issues evaluations is presented in Chapter 8 of this report.
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1.4 Findings, Conclusions and Recommendations

A project evaluation was conducted consistent with the CALFED ROD directive to review the Delta
Wetlands (DW) Project. DWR and the Reclamation reviewed information provided by the DW Properties
Inc., including information presented in the EIS/EIR. It is recognized that any large project undergoes
modifications of project features and design details throughout the various phases of development; such
is the case with the DW Project.

Based on the evaluations done through operations, water quality, environmental and economic studies,
and engineering design review by the Independent Board of Consultants, DWR and Reclamation have
concluded that the project concepts as proposed by DW are generally well planned. However, the project
- as proposed by DW requires modifications and additional analyses before it is appropriate to “initiate
negotiations with DW Properties or other appropriate owners for acquisition of necessary property”
(CALFED ROD, page 44). DWR and Reclamation propose working with DW Properties and other
stakeholders to determine if any redesign or reconfiguration of the project could make it feasible for public
ownership.

The key findings of the studies that form the basis for the above conclusion along with the
recommendations for the future action are presented in the following section.

1.4.1 Engineering Investigations
1.4.1.1 Key Findings and Conclusions

Based on the engineering design review, risk analyses and evaluations completed for the proposed Fish
Screens, Siphons and Pumping stations of the DW Project, the following conclusions were made:

¢ The proposed embankment and inlet/outlet structures designs for Webb Tract and Bacon Island are
inadequate for public ownership of the project and do not meet DWR and Reclamation design
standards. :

¢ Analyses conducted to assess the risk of project failure due to operational, seismic and flooding
events concludes that risk of failure exists in all three areas. Overtopping of the proposed
embankments on Webb Tract and Bacon Island will occur during a 100-Year Flood. Consequences
similar to the existing conditions could be observed for water quality, interruption in water supplies
and biological resources. An inward breach may cause salt-water migration to the discharge pumps
and fish may suffer from reservoir entrainment.

¢ Due to the potential for seepage pumps to fail during power breakdowns, improvements in the
proposed seepage control system should be investigated.

e Global warming and sea level rise may add additional constraints for the embankment as designed.
Embankments need to be raised to meet water level changes due to potential climate change.

1.4.1.2 Recommendations

e Solutions should be developed to enhance project reliability through improved design and
consolidation of inlet and outlet structures.

¢ Embankment performance reliability can be improved with appropriate changes such as flatter
slopes, wider crest, and possibly higher embankment. These and other solutions leading to overall
system improvement are feasible and should be part of subsequent work activities.
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1.4.2 Operation Studies
1.4.2.1 Key Findings and Conclusions

Operational modeling studies conducted using the SWRCB, WQMP, and DFG and US Fish and Wildlife
criteria indicate:

o Based on the 73-year historical period daily modeling, with DW Project the average annual increment
in south of Delta SWP and CVP water supplies is 127 TAF/year.

e Based on the 1975 to 1991 period modeling study, US Fish and Wildlife 1997 Final Operations
Criteria for decline in delta smelt abundance reduces average annual yield by 22 TAF.

o To comply with the WQMP requirements, a yield reduction is expected in addition to the delta smelt
criteria compliance.

¢ Preliminary climate change assessment shows In-Delta storage will be effective in capturing early
winter flows resulting from change in flow patterns due to potential climate change.

1.4.2.2 Recommendations

e Further evaluations are needed to allocate water supply benefits between south of Delta exports,
EWA, CVPIA, water banking and transfers. Daily CALSIM Il Modeling should continue for
quantitative determination of project water use for environmental, CVPIA and other purposes in
addition to South of Delta exports.

e There is a need to hold further discussions on the fisheries criteria application in light of DW Project
being included as a CALFED project.

1.4.3 Water Quality Evaluations
1.4.3.1 Key Findings and Conclusions

Field investigations and water quality modeling studies were conducted to estimate Total Organic Carbon,
Chlorides, Bromides, Salinity, temperature and Dissolved Oxygen parameters. Water quality constraints
on these constituents are stated in the State Water Resources Control Board (SWRCB) and Water
Quality Management Plan (WQMP) Agreement with CUWA. Water quality studies indicate that:

¢ Predicted Dissolved Organic Carbon (DOC) concentrations from the peat soils range from 10 to 20
milligram/liter (mg/l) in the proposed reservoirs.

e Reasonable low predicted range from bio-productivity for DOC is 1 to 6.5 mg/l and high range may
reach 5 to 50 mg/l under drained conditions.

e Water quality modeling simulations of the DW Project operations do not always comply with WQMP
DOC and disinfection by-product criteria at urban intakes. Additional reductions in water supply could
occur to fully comply with the criteria. Project re-operations could likely reduce these water quality
impacts.

e Based on a limited study of a 3-year time period, temperatures in the proposed reservoirs may be 1 to
9°F higher than the Delta channels. This may limit releases of stored water into the channels. Further
analysis of this issue is required.

1.4.3.2 Recommendations

¢ Undertake additional modeling studies to evaluate project operations that meet all WQMP criteria for
DOC, chioride, temperature and disinfection by-products. Studies should also consider reservoir
biological productivity. :
Develop laboratory methods to correlate soil characteristics with organic carbon release.
Conduct experiments to investigate the complex ecological processes that may affect plant growth
and carbon export from the reservoir islands.
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1.4.4 Environmental Evaluations

1.4.4.1 Key Findings and Conclusions

Land use, resources, hazardous materials and recreation studies indicate:

No mitigation for impacts to agricultural land is included in the DW Project. The CALFED ROD
requires that all projects minimize impacts to agricultural land.

The Delta Wetlands Project will likely result in impacts to listed fish species because of inadequate
fish screens on intake pumps.

Preliminary assessment of hazardous materials site conditions on Bouldin Island, Holland Tract,
Webb Tract, and Bacon Island indicate that the islands will require remediation before these can be
used for either reservoir storage or habitat mitigation.

DW Project proposes private use recreational facilities that are not appropriate for a publicly owned
and operated project. The recreation plan should be modified to provide recreational benefits to the
general public through a range of recreation opportunities.

The current DW Project screen design developed in 1997 does not meet the 2000 Fish Screens
California Department of Fish and Game (DFG) Criteria. The proposed fish screens are not feasible
due to environmental, operation and design problems.

1.4.4.2 Recommendations

The DW project should be modified to minimize the impacts resulting from the loss of agricultural
lands.

Environmental Site Assessment should be completed to establish potential responsibility and
estimated costs for future cleanup and remediation.

Alternative fish screens should be evaluated to reduce aquatic impacts in streams adjacent to the
reservoir islands and to comply with the 2000 DFG Fish Screens criteria.

14.5 Economic Analyses

1.4.5.1 Key Findings and Conclusions

Economic analyses of costs, benefits and economic impacts of In-Delta Storage alternatives indicate:

The estimated total capital cost of development of the Re-engineered DW Project is $591 million. This
cost includes the cost of measures to make this project technically feasible as a public ownership
project. This cost may increase with variations in design.

Only a partial assessment of benefits resulting from incremental water supplies could be performed
with the present available information on water use. At this stage of the analysis, allocations for
various uses are not known. Further studies are required for complete evaluation of allocations
between SWP and CVP, environmental, CVPIA, water banking, transfers and recreation.

DW Project will have minimal adverse economic impact due to loss of agricultural lands, because
agricultural losses are offset by increased recreation and maintenance jobs and income. Inclusion of
Victoria Island as alternative storage to Webb Tract or Bacon Island indicates high adverse impact on
the Delta regional economy. - )

The Victoria Island Reservoir alternative with connection to Clifton Court has higher capital cost of
development in comparison to the Re-engineered DW Project due to additional costs for raising
Highway 4 and new structure required for connection to Clifton Court.
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1.4.5.2 Recommendations

e Further economic studies of project benefits including allocations of DW water supplies and storage
to SWP, CVP, environmental water, CVPIA, water banking, transfers and recreation are
recommended.
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Chapter 2
PROJECT DESCRIPTIONS

2.1 Delta Wetlands Project

The Delta Wetlands Project as proposed by Delta Wetlands includes conversion of: (1) Webb Tract and
Bacon Island into storage reservoirs, termed “reservoir islands,” and (2) conversion of Bouldin Island and
Holland Tract into “habitat islands.” The DW Project proposed seasonal diversions onto “habitat islands”
for wetlands and wildlife management and enhancement for environmental mitigation (Figure 1). The

storage capacity of the “reservoir islands” is estimated to be 217 thousand acre-feet (TAF) with a
designated water surface elevation at 4 feet above mean sea level (MSL). The Delta Wetlands

Properties submitted a Draft EIR in 1995 to the State Water Resources Control Board pursuant to water
rights filings. The EIR was revised in July 2000 and a water right permit was issued in February 2001.
Maximum permitted diversion onto the reservoir islands and habitat islands is 9,000 cfs and the maximum
allowable release is 6,000 cfs. DW used a maximum diversion of 5,900 cfs including the habitat islands in
their study. The U.S. Army Corps of Engineers (USACE) approval of the EIS to meet the 404 permit

requirement is pending. The locations of the diversion and release stations are shown in Figure 2.

+ There are 4 existing points of diversion o
San Joaguin River between Points A& D

v X bined ion from all diversi
between Points A & D (new and existing)
1,375 ¢fs. ¥ E BB T l A

(RE§ERVO!R)

There are 3 existing points of
diversion on Santa Fe Dredge H
between points B & C. tge Pump Station’
\ 40 pumpsavith 35-
3 er discharge pipes.

) ¥

1 existing point
of diversion

Figure 2: DELTA WETLANDS PROJECT
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The DW Project proposed raising existing levees, widening crest width, flattening reservoir side slopes
and providing slope protection for an improved new embankment section. Details presented in Harding
Lawson Associates (HLA) 1989 report, URS Consultants review of the 2000 EIR and the final 2001 EIS
documents, indicate a final embankment section with crest width of 22 feet and 5:1 reservoir side slopes
for most of the sections except at one section slope varies from 3:1 for upper portion of the embankment
from crest to —3 feet MSL and then slope changes to 10:1 for the lower section.

For the diversion of water, each reservoir island would have two new siphon stations consisting of 16
siphons each (64 siphons in total). The siphons would be located 40 feet apart and would be equipped
with booster pumps, flow meters, and barrel type fish screens. In addition, 35 existing siphons located on
the perimeter of the reservoir islands would be modified with new fish screens.

For the release of stored water, each reservoir island would have a new discharge pump station
consisting of 32 pumps at Webb Tract and 40 pumps at Bacon Island. To prevent seepage of stored
water into the neighboring islands, a total of 773 pumps would be installed around the perimeter of the
reservoir islands to intercept and pump water back into the reservoirs.

Diversion of water onto habitat islands will be accomplished through modified existing siphons. There
would be 14 siphons on Bouldin Island and 8 siphons on Holland Tract. All siphons would have new fish
screens similar to those installed at the reservoir islands. Counting siphons on both the reservoir and
habitat islands, DW proposed a total of 193 diversion and release structures.

As part of the project alternatives evaluation and for the purpose of improving the DW Project operations,
Reclamation/DWR considered a Re-engineered Alternative. This alternative includes the same

Integrated Facility <0y
Max Diversion: 1,500 cfs
Max Discharge: 1,500

Figure 3: RE-ENGINEERED DELTA WETLANDS PROJECT
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reservoir islands and habitat islands as the DW Project but changes the design of the levees and
consolidates the 121 diversion structures and 72 discharge pumps for releases of water into four
Integrated Facilities. The locations of the Integrated Facilities are shown in Figures 3.

To further improve the DW Project operational flexibility, another management option has been
considered with Bacon and Victoria Islands for storage and also provides for a direct connection of
Victoria Island to Clifton Court. In this case, Bacon Island and Victoria Island are the “reservoir islands”
and diversion and release of water would be realized through the use of two Integrated Facilities and also
water will be siphoned directly from Victoria Island to Clifton Court by gravity or pumping through a new
siphon and pumping combination conveyance facility. Webb Tract, Bouldin Island and Holland Tract
become habitat or agricultural islands in this proposal. Webb Tract could be considered as a habitat
island or habitat to meet the goals of the Ecosystem Restoration Program Plan as long as the action is
consistent with the Delta Ecosystem Restoration Implementation Plan. The locations of the Integrated
and Conveyance Facilities are shown in Figures 4. Second version of this alternative considered for
analysis is a combination of Victoria Island with Webb Tract for storage. Pertinent features of In-Delta
Reservoir Storage options are given in Table Sl £ .
No. 1. - 3 g

The Delta Protection Commission has
suggested further investigations on the
possibility of using Sherman and Twitchell
islands for environmental and agricultural
mitigation.

2.2 Past Studies

In the past, numerous studies have been ) b
conducted in the Delta for the purposes of st g
water quality improvement, salinity control, {
water management, and storage and intagrated Faciiy]
conveyance. More recently, DWR, Max Diversion: 1,500°6ts
Reclamation, the U.S. Army Corps of Max Dcheloe:

Engineers, CALFED and private consultants

have studied In-Delta storage proposals or i i g o P Max Discharge:4500 cfs
similar concepts of flooding Delta Islands for Max Diversion: 2,000 cfs :
intermittent storage. Information on recent
studies follows: W g ariein! :
s Reservoir islands = ,,/.’ f_ﬁ\-\ P aduary TRACY

2.2.1 Delta Wetlands Project . - \\ /-'“f
Delta Wetlands Properties filed its first water right
application for the DW Project on July 9, 1987. Figure 4: VICTORIA AND BACON RESERVOIRS

WITH CONNECTION TO CLIFTON COURT
In 1995 Delta Wetlands Properties completed
Draft EIR studies. In their application, the total storage capacity of the two reservoir islands was 238 TAF
with designated water surface elevation 6 feet above MSL.

Jones & Stokes Associates, Inc. prepared a Draft Environmental Impact Report and Environmental
Impact Statement for the Delta Wetlands Project in 1995 for the State Water Resources Control Board
(SWRCB) and US Army Corps of Engineers (USACE). It was released for public review and in 1997, the
SWRCB convened water right hearings to hear pro and opposing views on the Delta Wetlands Project but
no decision was granted. A conditional Biological opinion was issued by US Fish & Wildlife Service in
May 1997 and California Department of Fish and Game in August 1998. This provided operating criteria
for the project. In October 1998, Delta Wetlands requested SWRCB certification of the project under
Section 401 of the federal Clean Water Act (CWA), a necessary prerequisite to issuance of a CWA

Integrated Storage Investigations 13
In-Delta Storage Program Draft Summary Report



Section 404 permit by the Corps. SWRCB conducted hearings in March, July and August 1997. In a letter
dated November 25, 1998, the Executive Director of the SWRCB advised DW Properties of the concerns
and the inadequacies. However, Board's review of the 1997 hearing record revealed substantial
remaining uncertainty regarding several significant issues such as protection of CCWD’s senior water
rights, constraints to protect water quality in the receiving water, control of seepage between islands,
levee stability and relocations. The SWRCB also indicated that with mitigation the Delta Wetlands Project
yield for average year could drop to 154 TAF from the original estimated yield of 235 TAF and it may even
be less with further restrictions.

In May 2000 Jones & Stokes Associates prepared a revised EIR to address significant issues of CVPIA
(b)(2) application, water quality and proposed mitigation for environmental impacts. Delta Wetlands
Properties has resubmitted this revised EIR to SWRCB. The revised EIR did not change island storage of
238 TAF with designated water surface elevation 6 feet above the mean sea level. Fish screens were
added to the intake pumps. Levee sections were the same as in the previous EIR. The Delta Wetlands
Project average annual yield of 147 TAF was based on Jones & Stokes Associates daily SOS Model.
SWRCB held hearings in October 2000 and SWRCB adopted Decision 1643 on February 15 2001
issuing the DW water rights permit.

2.2.2 U.S. Corps of Engineers Study

In 1987 the Corps conducted studies on Delta levees liquefaction problems. The findings are in a
report titted Sacramento — San Joaquin Delta Levees Liquefaction Potential. This study identified Webb
Tract as having high liquefaction potential and Bacon Island levees as having moderate liquefaction
potential. The 1987 report also identified both islands have undergone prior earthquake damage. A 250-
foot slip occurred on the east levee of Bacon Island following the 5.5 magnitude Livermore earthquake on
January 24, 1980. Levee cracking was reported on Webb Tract after the 1983 Pittsburgh and Coalinga
earthquakes.

2.2.3 CALFED South Delta Storage Studies

CALFED Storage and Conveyance Refinement Team conducted study Storage studies in 1997.
Details of these studies are available in CALFED’s October 1997 Report on Facility Descriptions and
Updated Cost Estimates, Volume 3. This report summarized information on the principal features,
estimated costs and environmental considerations of the project. The In-Delta Storage Project considered
by CALFED consisted of a storage facility of 219 TAF size with three Delta Islands; Bacon, Woodward
and Victoria, to be filled with water directly from the Delta. Maximum water surface elevation was
assumed to be at 4 feet above MSL. Two alternative configurations were evaluated. The first alternative
would maintain each of the three islands as separate storage compartments joined by siphons beneath
the artificial Delta channels currently separating them. The second alternative would join the three islands
into a single storage reservoir, eliminating the need for siphons. Both alternatives included improvements
to the Central Valley Project and the State Water Project Delta pumping facilities. A 15,000 cfs pumping
station to convey water from Victoria Island to Clifton Court was included in the configuration.

Primarily CALFED staff and consultants developed the costs for the CALFED South Delta Storage
Project. This was also aided by reviewing and incorporating cost items found in previous reports including
the 1990 DWR report titled North Delta Program Draft EIR/EIS and the 1995 DWR report titled /solated
Transfer Facility Cost Estimate.

2.2.4 Reclamation Delta Wetlands Appraisal

Reclamation has published a report titled Delta Wetlands Appraisal Report in April 2000 based on
existing information on Delta Wetlands Project. The purpose of this appraisal was to determine the
potential viability of the Delta Wetlands Project as a joint Federal/State project. In making that
determination, the study focused on the following:
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e Determining the Project’s water supply capability;

e Comparing per acre-foot of supply project cost with other water supply options;

¢ |dentifying critical issues that would detract Project implementation and operation;
e Recommending future federal actions.

The Reclamation appraisal concluded that the Delta wetlands Project could provide operational
flexibility, unique to in Delta storage, in meeting CALFED objectives by storing instream flow releases
from upstream reservoirs to later meet Delta outflow requirements and enhance water reliability. It was
recommended that Reclamation should seek congressional authorization and funding for a feasibility
investigation of the Delta Wetlands Project. Report mentioned ongoing CALFED Integrated Storage
Investigations and stated results of CALFED's evaluation of In-Delta and Off-Aqueduct storage will help
Reclamation decision-makers determine the need for further detailed planning studies.

2.2.5 Reclamation and DWR In-Delta Storage Studies

Both agencies conducted joint reconnaissance level studies for In-Delta Storage alternatives. A joint
report titled “Summary Appraisal Report Reclamation/DWR In-Delta Storage Investigations” November
2000 was submitted for federal funds authorization for a feasibility study. Also a Draft Executive Summary
Report by DWR published in September 2000 is available on these studies. Various island combinations
in addition to islands owned by DW Properties were considered for these alternatives. Important
considerations for formulation of alternatives were:

¢ Any alternative configuration which has been studied before by Delta Wetlands Properties, DWR,
Reclamation and CALFED was included.

o Fatal flaws reasons were used to eliminate inclusion of islands as reservoir islands for further
studies. The following islands were excluded.
e MacDonald Island: Non-mitigable due to PG&E unique sub-surface gas storage
e Upper Jones and Lower Jones Tracts: Large areas of prime agricultural land
e Woodward Island: Not enough storage capacity

e Sherman and Twitchel Islands: Biological Opinions do not allow In-Delta storage diversions
which create reverse flow conditions and increase intrusion of salinity into upstream Delta
islands. Also, existing infrastructure (major transportation system and gas utilities) and
environmental sensitivity make these islands cost prohibitive for storage.

e Islands which may provide direct connection to SWP and CVP Systems such as Victoria
Island were included due to potential for increased system flexibility and transfer of already
screened water to Clifton Court. Also, Victoria Island does not have deep peat soils and
potential for water quality problems.

Table No. 1
PERTINENT FEATURES OF IN-DELTA RESERVOIR STORAGE OPTIONS

No. Storage Name of Size Levee Max. Approx.

Option Reservoir Island | (Acres) | (Miles) Water Storage

Surface Capacity

Elevation (Ac-ft)
(+ feet msl)
1. Delta Wetlands Bacon Island 5,450 13.8 4.0 114,965
Project
(216 TAF) Webb Tract 5,374 15.0 4.0 100,664
2. Victoria with Clifton | Bacon Island 5,450 131 4.0 114,965
Court Connection Victoria Island 7,102 14.7 4.0 107,978
(223 TAF)
Integrated Storage Investigations 15
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Chapter 3
OPERATION STUDIES

3.1 General

Operation studies were conducted to assess potential project capability to supply additional water for
environmental, agricultural and urban uses and also increase operational flexibility of the Central Valley
Project (CVP) and the State Water Project (SWP). A comparison of CALSIM Il Model results between the
base and with project was used to assess the effect of In-Delta Storage on water supplies,
hydrodynamics of the Delta channels, Delta water quality and north and south of Delta reservoirs. In
CALSIM II, the water supply operations were also coordinated with water quality modeling to determine
changes in the Delta water quality. In-Delta storage operations were integrated with upstream operations.
Although major impacts can occur south of the Delta or in the Delta, upstream areas can be affected
through changes in carryover storage. For example, with new storage in the Delta upstream reservoirs
may hold back more water in certain years and end of the period storage in Shasta and Oroville
Reservoirs may be higher.

The description of operational flexibility benefits is based primarily on CALFED experience with “gaming”
evaluations for the Environmental Water Account. Since these benefits are difficult to quantify with
existing studies, the description is based primarily on subjective judgements and observations. Impacts
are evaluated in qualitative and quantitative terms. Impacts on project yield due to coordinated operations
with groundwater conjunctive use, water transfers, water use efficiency and recycling are explained
qualitatively. Because of limited ability to forecast population growth, land use changes and limited
knowledge of the water user decision to implement other water management options, some degree of
uncertainty should be attached to this evaluation.

The new CALSIM Il model was developed for daily operations in the Delta. Results of modeling studies
are presented in this section. Details of these studies are presented in a separate report titled “In-Delta
Storage Program Draft Report on Operation Studies” February 2002.

3.2 Operations Criteria

Operations were based on existing regulations in effect and any expected future changes such as
SWRCB Decision 1643, CUWA WQMP, fisheries agencies biological opinions, CVPIA and EWA
requirements. The current level of development and current water demands represent existing conditions.
In recent studies this level is based on the1995-level of development and it is assumed that the 2001
level of development is essentially the same. The operational requirements are assumed to meet 1995
State Water Resources Control Board Water Quality Control Plan and allow Delta exports within the
export/inflow ratio and the permitted pumping capacity. The recent SWRCB decision 1641 allowed south
of Delta use of Tracy and Banks Pumping Plants for joint point diversions to the Central Valley and the
State Water Projects under certain conditions.

A 2020 level of demand was assumed for the project. In addition to the SWRCB Water Quality Control
Plan (Decision 1641), the operation criteria of In-Delta Storage have been set forth in Decision 1643
adopted by the State Water Resources Control Board (SWRCB). This decision conditionally approves
the water right applications and petitions needed to appropriate water by direct diversion and storage to
reservoirs on Webb Tract and on Bacon Island. The Delta Wetlands Properties signed Water Quality
Management Plan with CUWA and its implementation is included in the operation criteria.

On May 6, 1997, the United States Fish and Wildlife Service issued it's final biological opinion and
conference opinion concerning the effects of the Project on Delta Smelt and Sacramento Spilittail,
respectively. On May 7, 1997, the National Marine Fisheries Service issued it’s final biological opinion
concerning the effects of the Project on the winter-run Chinook Salmon and Steelhead, respectively. On
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June 19, 2001, the California Department of Fish and Game issued the CESA Incidental Take Permit for
the DW Project. The Incidental Take Permit and the biological opinions were incorporated in the
Operation Criteria (OC) shown in Figure 5.

CRITERIA JANIF‘EBIMARLAPRIMAYIJUNlJULIAUGISEP'OCI‘INOV'DEC

FLOW STANDARDS

[* DIVERSION TO STORAGE U}
D1643 Diversion Criteria

No Diversion to Storage

Initial Delay Period-X2 days past Chipps (75km)
Initial Ramping Period -5,500 cfs max

5 days

Min 14-day running avg of X2 requirement

x<sin IR

Min 14-day running avg of X2 requirement
Min 14-day running avg of X2 requirement when
delta smelt are present at CCWD intake.
Proj. Div is 500 cfs if 14-day running avg of X2 81 <X2 >80 km 81 <X2 >80 km

T e

X2 <81 km

Project Div is 1,000 cfs if 14-day running avg of X2 X2>81 km X2>81 km

2.5km

Maximum allowable X2 shift (location) 2.5 km

Limit on % of Net Delta Ousflow 15% 15% 15% 5% 5% 5% 5% 3% 5% 5%

Max. Annual Diversion to Storage ‘Webb Tract -262 taffyear, Bacon Island - 258 taffyear

Biological Opinion Diversion Criteria
Initial Diversion for Water Year X2 <74 km X2<74km

Minimum X2 requirement (location) X2 <8l km X2<8l km

Limit on % of surplus water %% 75% 0% 0% 0% 0% 0% 0% %% %%
Limit on % of SIR - 15 days per month 125% 125% 0% 125%
Limit Diversions during DXC Closure

Limit Div to 550 cfs unless QWEST remains +ve
Masinmm TopOf Diversion Rate (2] 2isois || 20 | 200es Y 1ot | 33en

Reduce Diversion to 50% of previous days
diversion rate if Delta Smelt are present
[* DISCHARGE mkg:xroxr B
D1643 Discharge Criteria
‘Webb Tract (max 2,000 cfs)
- o

Limit on % of available export capacity

Bacon Island (max 4,000 cfs)

Limit on % of SIR inflow

Limit on % of available export capacity
Max. Chloride conc. Increase at CCWD intake

[Zero salinity increase if it is already exceeding 90% of
Istandard.

[Max. Annual Release of Stored Water

[Max. Annual Export of Stored Water

Siological Opinion Discharge Criteria

Reserved Environmental Water 1)

Limit Discharge for export to 50% of previous
days diversion if Delta Smelt are present

Footnotes

i Maximum rate of diversion onto either Webb Tract or Bacon Island would be 4,500 cfs. The combined maximum daily average rate of diversion for all islands (inchuding 200 cfs
diversions to each of the habitat islands) will not exceed 9,000 cfs.

2 Water will be diverted onto Bacon Island and Webb Tract from June through October in order to offset actual reservoir losses of water stored on those islands, referred to as
topping-off reservoirs. The maximum topping-off diversion rates shall be reduced by an amount equal to the habitat island diversions during the same period.
Bl Discharges will be pumped at a combined maximum daily average rate of 6,000 cfs. Discharge is subjected to export limits, treated as an export in the monthly F/I ratio
i ept when water is dit for envi water account.
14 A quantity of "environmental water" will be provided for release as additional Delta outflow equal to 10% of all discharges for export that occur in the period of December thru June.

Figure 5: OPERATION CRITERIA
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3.3 Potential Uses

New surface storage is essential to meet CALFED's goals of increased environmental flows,
improved water quality, water supply and facilitating water transfer and conjunctive use programs. In-
Delta Storage will increase water supplies, particularly in summer months and dry periods, to meet
existing shortages and accomplish these goals. It will also increase flood control protection, provide
groundwater recharge and recreational benefits not afforded by classic demand management

recommendations.
3.3.1 Improvement in System Operational Flexibility

In-Delta Storage will provide CVP/SWP Operational Flexibility by providing water storage space in the
Delta to capture wet and operational spills from upstream and surplus Delta outflow. This space could
be used for banking North South water transfers, conjunctive use with groundwater, CVPIA (b)(2) and

Environmental Water (EW).
3.3.1.1 Environmental Flow Re-operations for Fisheries

In-Delta Storage would provide flexibility in the environmental operations of the CVP and SWP.
Environmental flow releases from upstream reservoirs can be captured and re-operated to
maintain fisheries water quality objectives or provide environmental water to support both resident
and anadromous fisheries in the Delta at the request of the fisheries agencies.

3.3.1.2 System Water Recycling Operations

This Project would provide downstream storage for operational and wet weather spills from
upstream reservoirs. This Project would add flexibility to the operation of upstream reservoirs
because the fear of “losing the water” to the ocean would be reduced. Water released from
upstream reservoirs for in-stream flow requirements in the Sacramento, American and San

Joaquin Rivers can be reused through operations.
3.3.1.3 Delta Outflow and Water Quality Requirements
In-Delta Storage water could be used to meet Delta flow and water quality objectives more

quickly than upstream reservoirs, providing greater operational flexibility. This water would be
used to meet outflow needs on an emergency basis or to “fine-tune” operations in the Delta.

3.3.1.4 CVP/SWP Operations

Additional system storage would allow fine-tuning of CVP/SWP operations. Water stored in the
project could be used just like other sources of stored water to meet export demands or Delta

outflow requirements.
3.3.1.5 Water Transfers

In-Delta Storage Project could provide available storage capacity to willing buyers and sellers to
transfer water from north to south. This project could assist in better timing for transfers.

3.3.1.6 Joint Point of Diversion

A joint CVP/SWP facility would significantly increase the use of the Project water. Banks
Pumping Plant wheels water for the CVP and EWA when there is excess capacity at Banks. In-
Delta Storage Project will provide a function similar to the current EWA storage account in San

Luis Reservoir.
]
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3.3.1.7 Conjunctive Use Program

Flows captured in the In-Delta Storage could benefit conjunctive use program. In-Delta Storage
could be a key element in this program, either by providing surface water to a groundwater
extractor, thereby facilitating in lieu recharge, or by providing surface water for artificial recharge
of a groundwater basin.

3.3.1.8 CVPIA (b)(2)

The CVP dedicates 800 TAF per year from project yield to fish and wildlife restoration under
CVPIA Section 3406 (b)(2). The water allocated to (b)(2) is equivalent to a new water demand on
the CVP system. In-Delta Storage could help meet Vernalis Adaptive Management Program
(VAMP) requirements in April and May by releasing water stored from previous high flow months.

3.3.1.9 Refuge Water Supply

CVPIA requires firm Level 2 water supplies to national wildlife refuges to equal annual historical
water deliveries (Level 2). Additional water is to be provided for optimal wildlife management
(Level 4) within 10 years of enhancement. In-Delta Storage Project could help meet Level 2 and
Level 4 refuge demands that would otherwise be met through existing storage.

3.3.1.10 Municipal And Industrial (M&l) and Agricultural Demand

In-Delta Storage will meet the M&I and Agricultural Demand when pumping capacity exists at the
Tracy and Banks Pumping Plants. This water could be used directly to meet CVP and SWP
demands or could be temporarily stored in San Luis Reservoir.

3.3.1.11 Environmental Water (EW)

The EW largely relies on water transfers from Northern California to fund the account during the
initial years. Due to limited upstream opportunities in the Sacramento Valley for CALFED and its
agencies to purchase or otherwise develop water assets, In-Delta Storage can provide space for
EW.

3.3.2 Supply Reliability

Water supply reliability is improving the predictability and availability of economic benefits derived from
water while restoring ecosystem heaith in the Bay-Delta estuary and watershed. Many urban water
managers worry about California’s water supply reliability during an extended drought. In-Delta Storage
Project would help improve water supply reliability for urban and agricultural water users and the
environment during dry years.

3.3.3 Water Marketing

Water marketing — the sale, exchange, or lease of water from one user to another — has the potential for
becoming a key tool for meeting rising water demand. Water marketing is a tool for addressing statewide
imbalances between water supply and water use. Water marketing can be used for statewide water
supply augmentation option. It allows water agencies to purchase additional water supply reliability
during both average and drought years. In-Delta Storage can help this process by providing surface
storage for exchange, sale or lease among users.
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3.4 Operations Modeling
3.41 CALSIM Il Model Development

CALSIM Il is a general-purpose Water Resource Systems Model, developed by DWR and Reclamation to
simulate operation of the Central Valley Project (CVP) and the State Water Project (SWP) System of
reservoirs and conveyance facilities. CALSIM Il utilizes optimization techniques to efficiently allocate
water through a network of nodes and arcs, given user-defined priority weights. A mixed integer linear
programming (MILP) solver determines an optimal set of decisions for each time period given a set of
weights and system constraints. WRESL statements describe the physical system (dams, reservoirs,
channels, pumping plants, etc.), operational rules (flood-control diagrams, minimum in-stream flows,
delivery requirements, etc.), and priorities for allocating water.

As standards imposed by SWRCB and other regulations are daily standard, modeling of In-Delta Storage
operations required a model with a daily time-step for defining the diversion and release rules. A Daily
time-step Delta Model was developed for conducting In-Delta Storage studies. This model was used in
conjunction with the CALSIM Il monthly model for North and South of Delta operations.

Artificial Neural Network (ANN) routine has been developed and implemented in CALSIM Il to correlate
DSM2 model-generated salinity at key locations in the Delta to Delta exports, Delta Cross Channel
operations, and major Delta inflows. The ANN flow-salinity module predicts electrical conductivity at the
following three locations: Old River at Rock Slough, San Joaquin River at Jersey Point, and Sacramento

River at Emmaton.

3.4.2 CALSIM Il Model Application

The entire system’s operation was simulated for one month period with the CALSIM Il monthly model and
then the information on inflows to the Delta and the south-of Delta delivery amounts was passed on to the
Daily Delta Model. The Daily Delta Model then re-simulated the operations in the Delta, and the export

facilities.

The monthly averaged inflows to the Delta from the monthly model were converted into daily hydrographs
by a utility program was constructed to pattern the monthly averaged inflows to the Delta after the
historically recorded flows of the Sacramento River at Freeport, the San Joaquin river at Vernalis, a
combination of the Mokelumne River at Woodbridge and the Cosumnes River at Sloughhouse, and a
combination of flows at the gage near Woodland, the Sacramento Weir near Bryte, and the Putah Creek

near Davis.

After the daily operation was done, the results of the Daily Delta Model were provided to the monthly
model as the initial conditions for the following month’s simulation. The operation of the upstream
reservoirs was not re-simulated, and any gains or losses of water were reflected in the Delta outflow and
the storage at San Luis Reservoir. The next month’s simulation was then started with the modified end-
of-month storage in San Luis Reservoir and the state of the Delta as simulated by the Daily Delta Model.

To achieve the most efficient operation of the two water supply storage facilities in the with-project
simulation run, the priority of filling was given to Bacon Island. This was done because the more
extended period of allowable discharge from Bacon Island allowed for potential withdrawal and
subsequent filling in the same year more readily, whereas the limited allowable period for discharge from
Webb Tract made multiple filling in the same year practically impossible. The priority of filling in Bacon
Island was achieved by assigning a higher reward for diverting the available water into the conservation
storage of Bacon Island as compared to that of Webb Tract.
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3.5 Water Supply Operation Studies
The following modeling studies were conducted to evaluate In-Delta Storage operations.

Base Case Operations
Webb and Bacon Reservoirs In-Delta storage Operations without water quality constraints for
maximum diversions of 9,000 cfs and 6,000 cfs

o Victoria and Webb Reservoirs with 6,000 cfs maximum diversion and Victoria connection to
Clifton Court with 2,000 cfs maximum release capacity

e Delta Wetlands Study with Delta Smelt, 1997 US Fish and Wildlife Service (USFWS) Fall Mid-
Water Trawl (FMWT) Index Constraints
Delta Wetlands Study with Delta Smelt and DOC Constraints
Impact of Climate Change

Operation criteria stated in Section 3.2 were used in these studies. Detailed information on modeling
assumptions used in these studies is presented in the Draft Report on Operation Studies dated February
2002. A brief description and results of these studies are summarized in the following section.

3.5.1 Base Case Operations

For computing project yield, the base case above which the new project would supply additional water is
important. Two main considerations for selection of this base case were hydrology and water demands. It
was assumed that the system would be operated according to State Water Resources Control Board's
(SWRCB's) Water Rights Decision 1641, and 2020 Level of Hydrology and Demands. A 2020 level no
action condition was defined to represent a reasonable range of uncertainty in the pre-implementation
condition. Although a land use change is expected from the present to the 2020 level planning horizon,
hydrological studies indicate that future 2020 level hydrology based water supply may not show
appreciable change. With the increase in population, water demands are expected to change. These
demands include a total annual State Water Project demand that varies between 3.6 MAF and 4.2 MAF.
The maximum interruptible demand is 134 TAF per month. The total annual Central Valley Project
demand is 3.5 MAF. This includes the annual Level Il Refuge demand of 288 TAF. Cross Valley Canal
demand is 128 TAF/year. Banks Pumping Plant export capacity of 10,300 cfs was used. Trinity River
Minimum Fish flows below Lewiston Dam are maintained at 340 TAF/year.

Results of the Base Case modeling study are given in Table No. 2. Further details are presented in the
Draft Report on Operation Studies dated February 2002.

3.5.2 In-Delta Storage Operations Without Delta Smelt and DOC Constraints

Two operation studies were conducted with In-Delta storage operations as presented in Table No. 2. The
first study simulated the original Delta Wetlands operations for the 1922 to 1994 historical period with
Webb Tract and Bacon Islands as reservoirs by assuming maximum diversion of 6,000 cfs. The daily
CALSIM Il Model for the Delta was used. This study was performed by incorporating all the criteria stated
in the SWRCB Decision 1643, WQMP salinity constraints and fisheries Biological Opinion constraints.
Exceptions to this were the USFWS FMTW condition of less than 239 and DOC WQMP constraints not
used in the original DW Project operations. The common assumptions applied to the Base Case were
also applied to this study. Details of modeling assumptions are given in a Draft Report on Operation
Studies dated February 2002.

As in the Base Case, 2020 Level of Hydrology and Demands were used in In-Delta storage operations.
The daily CALSIM Il Model configuration included Delta Wetlands Webb Tract and Bacon Island
reservoirs. The permitted diversions to Holland and Bouldin habitat islands were included in the modeling.

As presented in Table No. 2, the total average annual Delta export of 127 TAF is possible even if the
diversion to reservoir islands is reduced from the maximum permitted 9,000cfs diversion to 6,000cfs.
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Average annual surplus water diverted to Delta Wetlands reservoirs during the dry period was 49 TAF
and during the 73-Year period it was 134 TAF. During the dry period from May 28 to October 1934, 11
TAF additional delivery than what was diverted into the reservoirs was made. This is the additional benefit
of storage reservoirs from the stored water in previous wet years. The Final Operations Criteria of the
biological opinion also included a constraint for mandatory release of 10% of the exported water termed
as Environmental Water. At present, daily CALSIM Il model does not have the capability for EW and
CVPIA evaluation and further development work is needed.

A second operation study was conducted for the Victoria Island direct connection to Clifton Court. As
shown in Table No. 2, average annual export is 122 TAF.

Table No. 2
OPERATION STUDIES RESULTS
(All units in TAF)

73-Yrs
Avg

73-Yrs Dry 73-Yrs

Period
Avg Avg Avg

Avg

Avg Avg Avg

Base Study 1 3,512 5427| 37 157 | 3,549 5,584 | 3,654 | 5,993 | 10,191/ 21,016 3,013 | 2,390 | 2,404 | 11,750 5,417 | 14,140

In-Deita Storage Study
(Webb Tract & Bacon Island as

Storage Reservoirs with 6000 cfs 3,674| 5535| 35 175 | 3,609 | 5,708 | 3,703 | 6,120 | 10,193|21,017| 3,035 2,387 | 2,355 | 11,616| 5,397 | 13,955

maximum diversion to Storage)

Difference
(In-Delta storage Study -minus- Basp 62 108 -2 18 60 124 49 127 2 1 22 -3 -49 134 | -20 -185
Study)

Base Study 2 3,497 5422 41 215 | 3,538 | 5,637 | 3,642 6,048 10,192 21,016] 3,009 2,390 | 2,419 | 11,695] 5,428 | 14,085

In-Delta Storage Study
(Webb Tract & Victoria Island as
Storage Reservoirs with 6000 cfs 3,639 55191 49 ) 239 | 3,588 5,758 3,683 | 6,170 | 10,192{21,017] 3,017 | 2,394 | 2,391 | 11,561] 5,397 | 13,955
maximum diversion to Storage)

Difference
(In-Delta storage Study -minus- 42 97 8 24 50 121 41 122 0 1 8 4 -28 -134 -31 -130
Study)

3.5.3 In-Delta Storage Operations with Delta Smelt Constraint

The 1997 Final Operations Criteria of the US Fish and Wildlife Service has constraints for Fall Mid-Term
Trawl Index of less than or higher than 239. This index is developed for each year based on delta smelt
abundance during the months from September to December. These restrictions apply if the index shows
a significant decline in delta smelt abundance. This criterion was not applied in the original Delta
Wetlands study. Monthly restrictions on diversions are stated in the F&W Final Operations Criteria based
on FMWT. No diversions can be made from February 15 to end of June if FMWT is less than 239. FMWT
Index data is available from 1967 to 1994. Data indicates there are 8 years during this period when the
FMWT index is lower than 239. The criteria provide for a higher partial value of FMWT if it is available
before its final calculation in December.

Resuits of this study as compared to In-Delta operations for the same period without FMWT <239
constraint are given in Table No. 3 and show a reduction of 22 TAF in the exports. As these results are
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based on a partial time period out of 73 years historical period, a probability analysis should be conducted
to define complete impact of this reduction over a 73-year period. There is a need for further discussions
on the fisheries criteria application in light of DW Project being included as a CALFED project.

3.5.4 In-Delta Storage Operations with Delta Smelt and DOC Constraints

WQMP criteria limit releases from In-Delta reservoirs if the DOC value at the urban intakes exceeds 4
mg/l. As given in Water Quality Investigations Chapter 4, DOC values ranges were predicted through
water quality studies. For CALSIM Il modeling studies, two Asymptote (A) DOC values were used: 70
mg/l and 215 mg/l. These values represent DOC at the two feet reservoir levels and depending on the
depth of the reservoir, DOC can change. For example with higher depth than two feet DOC value will
decrease. Roughly a 20 feet depth reservoir will represent a low bookend DOC value of 6.76 mg/I for
Asymptote equal to 70 mg/l. Similarly, a 20 feet depth reservoir will represent a high bookend DOC value
of 20.77 mg/l for a 215 mg/l Asymptote value. Two CALSIM Il modeling studies one with low bookend
DOC and another with high bookend DOC value were performed to assess the impact of DOC restrictions
on releases from the In-Delta storage Project. Results of the Delta Wetlands Study without DOC
constraints were used as input to the DSM2 model to determine WQMP DOC constraint compliance at
the urban intakes. Details of DSM2 water quality modeling are given in Chapter 4. The water quality
modeling showed DOC standards were exceeded at the urban intakes. In order to comply with the
WQMP criteria, the CALSIM2 model was modified to include additional water quality rules for releases
from the Webb Tract and Bacon Island reservoirs.

These preliminary studies were conducted for a period from 1975 t0 1991 as the source water DOC
information was available only for this period. The CALSIM Il Model run period for DOC studies is same
as the delta smelt FMWT <239 Study and results are shown in Table No. 3. As shown in this Table, DOC
constraints reduce annual exports to urban intakes by 2 TAF for the low bookend DOC value and
decrease export by 13 TAF for the high bookend DOC value.

The CALSIM Il modeling studies conducted for the study do not have allocation of water supplies or
storage between SWP, CVP, environmental, CVPIA, water banking and transfers. Re-operation with
proper allocations may show additional CVPIA and EWA benefits.

Table No. 3
IMPACT OF DELTA SMELT (FMWT<239) AND DOC WQ CONSTRAINTS ON WATER SUPPLIES

TOTAL DIFFERENCE | DIFFERENCE
SWP/CVP IN AVERAGE IN AVERAGE
CALSIM il STUDY AVERAGE ANNUAL ANNUAL
. ANNUAL DELIVERY DELIVERY DUE
(Study Period 1975-1991) DELIVERY | FROMBASE | TO CRITERIA
(TAF) (TAF) (TAF)

In-Delta Storage study without Delta Smelt
(FMWT<239) and DOC Constraints 102 - -
In-Delta Storage Operation with Delta Smelt
FMWT <239 80 22 22

In-Delta Storage Operation with Delta Smelt
FMWT <239 and Low Bookend DOC 78 24 2
(Asymptote DOC Value = 70 mg/l)

In-Delta Storage Operation with Delta Smelt
FMWT <239 and High Bookend DOC 67 35 13
(Asymptote DOC Value = 215 mgl/l)
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3.5.5 Climate Change Impact Study

Due to potential climate change, it is possible that runoff patterns may change. More rain in winter months
may result in loss of snow cover and flash flooding. Whereas due to less snow cover than normal, winter

flows may be higher and late spring flows may be lower than presently assumed in operation studies.
This can cause a shift in hydrological inflows to the Delta. The DWR Flood Management Division made
an assessment of flow variations as a result of climate change. A preliminary monthly hydrology was
developed with altered patterns of reservoir inflows in the upper San Joaquin and the Sacramento River
watersheds. This study is more of a sensitivity analysis and results should be considered as preliminary.

Monthly inflows to reservoirs were used for CALSIM Il monthly model run. Monthly output from this run
was converted into daily flows for the base case model run without In-Delta configuration. A second study
was conducted using potential flows due to climate change with the In-Delta Storage Project. Both
studies were performed for the 1922 to 1969 period. Results are shown in Table No. 4. Overall, study
results indicated a storage project in the Delta will capture early winter flows and the yield will increase as
a result of change in flow patterns due to climate change. Results also indicated Oroville Reservoir
storage was higher in dry periods. Study re-operation will result in increased In-Delta Storage Project

yield.
Table No. 4
PRELIMINARY ASSESSMENT OF CLIMATE CHANGE IMPACT ON IN-DELTA STORAGE
OPERATIONS
IN-DELTA STORAGE | IN-DELTA STORAGE
OPERATIONS OPERATIONS N eI
ITEM STUDY WITHOUT STUDY WITH FLOW PATTERNS
CLIMATE CHANGE CLIMATE CHANGE (1922-1969)
IMPACT ON FLOWS | IMPACT ON FLOWS
Delta Surplus (TAF) 10,666 10,680 +14
In-Delta Storage
Diversions (TAF)
Webb Tract 54 60
Bacon Island 76 75
130 135 +5
In-Delta Storage
Releases (TAF)
Webb Tract 50 55
Bacon Island 71 69
121 124 +3

3.6 Summary of Findings

Operational modeling studies conducted using the SWRCB, WQMP, and DFG and US Fish and Wildlife
criteria indicate:

o Based on the 73-year historical period daily modeling, the average annual yield of the In-Deilta
storage project is 127 TAF/year.

e Based on the 1975 to 1991 period modeling study, US Fish and Wildlife 1997 Final Operations Delta
Smelt Criteria for decline in delta smelt abundance reduces average annual yield by 22 TAF.

e To comply with the WQMP DOC requirement, a preliminary CALSIM Il study indicates a reduction of
2 to 13 TAF in yield in addition to the delta smelt criteria compliance. With project re-operations with
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allocations between SWP, CVP, environmental, CVPIA, water banking and transfers, impact on the
yield may be reduced.

Preliminary climate change studies indicate In-Delta storage can be effective in capturing early winter
flows due to change in flow patterns as a result of climate change.

3.7 Recommendations

e Further evaluations are needed to allocate watér supply benefits between south of Delta exports,

EWA CVPIA, water banking and transfers. Daily CALSIM Il Modeling should continue for quantitative
determination of project water use for environmental, CVPIA and other purposes in addition to South
of Delta exports.

There is a need to hold further discussions on the fisheries criteria application in light of DW Project
being included as a CALFED project.
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Chapter 4
Water Quality Evaluations

4.1 General

The current water quality standards in the Delta are based on the State Water Resources Control Board
Decision 1641. With the Decision 1643 additional requirements were imposed for the Delta Wetlands
Project. In this section information is presented on water quality field and modeling investigations
undertaken to determine the water quality implications of Delta Wetlands proposal.

There were four water quality studies done to assess the potential water quality impacts of operating the
DW Project. Those four studies were based on the water quality requirements listed below and included:
1) modeling studies, 2) field investigations, 3) biological productivity studies and 4) temperature and DO
studies. Results of these four water quality investigations are summarized in the following chapter. More
detailed information is provided in a separate report titled, “In-Delta Storage Program, Draft Report on
Water Quality Investigations”, February 2002.

4.2 Water Quality Requirements

There are several water quality requirements set forth in the SWRCB Decision 1643 and the WQMP as
agreed on by DW Properties and CUWA.

4.2.1 General Requirements

Discharge of water from the DW Project shall not cause: (1) an exceedance of any applicable water
quality objective in a water quality control plan adopted by the SWRCB or by the RWQCB; (2) any
recipient water treatment plant to exceed the maximum contaminant levels for disinfection byproducts as
set forth by EPA in Title 40, Section 141.12 & 141.30. The regulated classes of disinfection byproducts
are trihalomethanes, haloacetic acids, chlorite, and bromate (SWRCB, condition 14.a.). For the purpose
of determining that the DW Project has caused an exceedance of one or more of the operational screen
criteria, an uncertainty of £5% of the screening criteria will be assumed.

4.2.2 Specific Requirements

There are also many specific water quality requirements which include criteria for total organic carbon
(TOC), chloride, disinfection byproducts (DBPs), Dissolved Oxygen (DO) and temperature. Specific
criteria are briefly described below. For a more detailed description, see the Water Quality report.

TOC: The project shall not cause the TOC concentrations at a SWP, CVP, CCWD pumping plant,
to exceed a limit of 4.0 mg/L (14-day average) to be exceeded; or cause an incremental increase
in TOC concentration greater than 1.0 mg/L. In addition, discharges from Bacon Island and
Webb Tract are limited based on the concentration of TOC in the reservoir water at the time of
discharge. See the Water Quality Report for a more detailed description of TOC criteria.

Chloride: The project operation shall not cause an increase in chloride concentrations of more
than 10 mg/L at any of CCWD’s intakes or cause any increase in salinity of more than 10 mg/L
chloride (14-day running average salinity) at any urban intake in the Delta. The project shall not
cause or contribute to any salinity increase in an urban intake if the intake is exceeding 90% of
the Rock Slough chlorine standard as defined in SWRCB Decision 1641. In addition, discharges
from the reservoir islands are limited based on the concentration of chloride in the reservoir
water. See the Water Quality Report for a more detailed description of chloride criteria.

DBPs: DW Project operations will be curtailed, rescheduled, or constrained to prevent impacts on
drinking water quality if project operations cause or contribute to 1) modeled or predicted Total

Integrated Storage Investigations 26
In-Delta Storage Program Draft Summary Report



Trihalomethanes (TTHM) concentrations in drinking water in excess of 64 pug/L, as calculated in
the raw water of an urban intake in the Delta or at the outlet of a water treatment plant or 2)
modeled or predicted bromate concentrations in drinking water in excess of 8 ug/L, as calculated
in the raw water of an urban intake in the Delta or at the outlet of a water treatment plant.

DO: Discharge of stored water is prohibited if the DO of stored water is less than 6.0 mg/L, if
discharges cause the level of DO in the adjacent Delta channel to be depressed to less than 5.0
mg/L, or if discharges depresses the DO in the San Joaquin River between Turner Cut and
Stockton to less than 6.0 mg/L September through November.

Temperature: Discharge of stored water is also prohibited if the temperature differential between

the discharge water and receiving water is greater than 20° F, or if discharges will cause an
increase in the temperature of channel water by more than: 4° F when the temperature of channel
water ranges from 5§5° F to 66° F, 2° F when the temperature of channel water ranges from 66° F
to 77°F, or 1° F when the temperature of channel water is 77° F or higher.

4.3 Water Quality Investigations

In order to assess the feasibility of project operations with SWRCB, WQMP constraints and biological
opinions requirements, four water quality investigations: modeling studies, field investigations, biological
productivity, and temperature and dissolved oxygen (DO) studies were conducted. Information on these
studies is presented in the following sections.

4.3.1 Modeling Studies

Two model scenarios were evaluated as part of the In-Delta Storage water quality evaluation; both
scenarios reflect Delta operations in accordance with SWRCB Decision 1641. The first scenario is a
“base case” without In-Delta Storage Program facilities. The second scenario represents the In-Delta
Storage Program “Alternative 1”. Both model scenarios assume daily varying Delta hydrology and
operations as provided by CALSIM2 model simulations. The water quality modeling studies were
conducted with the Department’s Delta Simulation Model (DSM2). DSM2 was calibrated and validated for
flow, stage and electrical conductivity (EC) in collaboration with the DSM2 Interagency Ecological
Program Project Work Team. The model was also successfully validated for the transport of dissolved
organic carbon. DSM2 simulations covered the 16-year period October 1, 1975 through September 30,
1991. For boundary conditions, time series of Delta inflow DOC concentrations were developed from
available flow and water quality grab sample data. Delta inflow DOC boundary conditions for the 16-year
simulation period are shown in Figure 6.
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Figure 6a: Delta Inflow DOC Boundary Conditions
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Figure 6b: Delta Inflow DOC Boundary Conditions

Under the proposed operations due to restrictions on releases, higher DOC water (shown in Figure 6) in
spring is stored in DW reservoirs and is released in summer months. However, DOC concentrations in
Delta channels reduce during summer with fresh inflows from upper reservoirs. Thus any releases from
DW reservoirs which have higher DOC result in water quality violations at the urban intakes. Restrictions
on releases need to be reviewed with regulatory agencies for improved operations. Findings and
recommendations of the modeling studies are presented in detail in In-Delta Storage Program, Draft
Report on Water Quality Investigations, February 2002. The key findings of the modeling studies are:

e Water quality modeling results show that the DW Project operations do not comply with WQMP DOC,
and disinfection by-product criteria at urban intakes.

e DOC and disinfection by-product impacts could be higher than reported in the model simulations, as
the simulations did not account for reservoir biological productivity.

e Compliance with the WQMPcriteria would likely impact Project water supply. Project re-operations
could likely reduce these impacts.

The following recommendations are based on the findings and conclusions of the modeling studies:

e Undertake additional modeling studies to develop a project operation that meets WQMP criteria for
DOC, chloride and disinfection by-products.
e Subsequent studies should explicitly consider reservoir biological productivity.

In line with the first recommendation, DSM2 model results were used to develop preliminary CALSIM2
water quality operating rules for diversions and releases from Project reservoirs. CALSIM2 results
utilizing these preliminary operating rules are discussed in Chapter 3, Section 3.5.4. The CALSIM2
results were not re-evaluated in DSM2.

Change in channel stages in the Delta as a result of the DW Project is also a concern raised by the South
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