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Chapter 1
Overview

1.1 Introduction

The State Water Resource Control Board’s (State Water Board) mission is to preserve, enhance, and
restore the quality of California’s water resources and drinking water for the protection of the
environment, public health, and all beneficial uses, and to ensure proper water resource allocation
and efficient use, for the benefit of present and future generations. The State Water Board protects
water quality that affects beneficial uses of water in the San Francisco Bay/Sacramento-San Joaquin
River Delta Estuary (Bay-Delta) in part through its Water Quality Control Plan for the Bay-Delta
(Bay-Delta Plan). The State Water Board is reviewing and updating the 2006 Bay-Delta Plan to
ensure that Bay-Delta beneficial uses are reasonably protected.

This working draft Scientific Basis Report (Report) is being prepared to support the update of the
Bay-Delta Plan’s protection of fish and wildlife beneficial uses in the Sacramento River watershed
and related areas, known as Phase II.! This update considers four categories of requirements: (1)
new inflow requirements for the Sacramento River, its tributaries, and eastside tributaries to the
Delta; (2) changes to Delta outflow requirements; (3) new and modified interior Delta flow
requirements; and (4) new requirements for cold water habitat. A comprehensive regulatory
approach is needed that protects Bay-Delta fish and wildlife throughout their migratory range, and
that better integrates the regulatory framework addressing inflows, outflows, and water project
operations. Such a framework will help avoid overreliance on one stream to meet flow and other
water quality requirements by providing necessary flows on multiple tributaries to ensure suitable
habitat and migratory pathways upstream of the Bay-Delta. Another goal is to employ a strategy that
provides for timely action, flexibility, and integration with other planning, science, restoration, and
regulatory efforts so action can be taken before imperiled species in the watershed are no longer
able to be restored.

The Report identifies the best available science that supports potential changes to the Bay-Delta
Plan. The Report is being circulated to obtain early input on the science supporting potential
changes to the Bay-Delta Plan flow and water project operational requirements, including input
from the Delta Independent Science Board (ISB), in keeping with the principle of “one Delta, one
science” articulated in the Delta Science Plan. Based on the comments received on the working draft,
the State Water Board will update the Report and prepare a final draft Report that will be submitted
for external peer review pursuant to Public Health and Safety Code section 57004.

1In a separate process, referred to as Phase [, the State Water Board is reviewing and considering updates to other
elements of the Bay-Delta Plan, including flow requirements on the Lower San Joaquin River and salinity
requirements in the southern Delta. The term “Phase” to describe these different processes is used for
administrative convenience to distinguish the different proceedings. The two water quality proceedings, Phase |
and Phase I, for example, involve different water quality objectives, largely different geographic areas, and can be
developed and implemented independently of each other.
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Phase Il is in its early stages and there will be additional opportunities for public participation and
comment as the planning process moves forward. The State Water Board will need to consider all
other beneficial uses in the update, including municipal, industrial, agricultural, power production,
and other environmental uses (including wetland and wildlife refuge supplies)).

In keeping with the State Water Board’s authority and responsibility to protect the quality of the
waters of the state and the beneficial uses of those waters, this Bay-Delta Plan update focuses largely
on flow-related issues. The State Water Board recognizes, however, that other actions are important
to protect the Bay-Delta ecosystem, such as habitat restoration. The State Water Board will work
cooperatively with other agencies and organizations to promote such actions, which may or may not
be within the State Water Board’s authorities. The program of implementation will further address
these actions in recommendations to other entities, and describe the tools that the State Water
Board will employ to ensure that needed non-flow measures are pursued, including those that may
result in the need for less flow to achieve the protection of fish and wildlife (e.g., temperature
control may be achieved with a temperature control device more efficiently than through flow
alone).

The State Water Board’s Bay-Delta planning and implementation efforts are part of a multi-facetted
approach needed to address ecological and water supply concerns in the Bay-Delta and reconcile an
altered ecosystem. The State Water Board is committed to collaborating and coordinating with other
science, regulatory, and restoration efforts that inform adaptive management and future decisions
regarding needed flows and operational measures. The State Water Board also encourages the
ongoing efforts of various parties to develop meaningful and effective voluntary agreements that can
achieve greater and more durable benefits for the Bay-Delta in the short and long term than
regulation alone.

1.1.1 The Bay-Delta Watershed

The Bay-Delta is a critically important natural resource for California and the nation. It is both the
hub of California’s water supply system and the most valuable estuary and wetlands on the western
coast of the Americas. The Bay-Delta includes the Sacramento-San Joaquin Delta (Delta), Suisun
Marsh, and the San Francisco Bay. The Delta is about 738,000 acres of which about 48,000 acres are
riverine and Delta freshwater surface area; Suisun Marsh comprises approximately 85,000 acres of
marshland and water ways; and San Francisco Bay includes about 306,400 acres of water surface
area. The Delta and Suisun Marsh are located where California’s two major river systems, the
Sacramento and San Joaquin Rivers, converge to flow westward, meeting incoming seawater from
the Pacific Ocean through San Francisco Bay.

The Sacramento and San Joaquin river systems drain water from about 40 percent of California’s
land area and support a variety of beneficial uses of water, including: drinking water for more than
two thirds of Californians; numerous ecologically, commercially, and recreationally important
species; and irrigation of millions of acres of productive farmland. The Bay-Delta Estuary is one of
the largest and most important estuarine ecosystems for fish and waterfowl production on the
Pacific Coast of the United States. About 90 species of fish are found in the Delta. The tributaries to
the Delta and the Delta channels serve as spawning grounds, migratory corridors and nursery areas
for numerous native species, several of which are listed as threatened or endangered under the
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California Endangered Species Act (CESA) and under the federal Endangered Species Act (ESA),
including four runs of Chinook salmon, white and green sturgeon, steelhead, Sacramento splittail,
Delta smelt, and longfin smelt.

1.1.2 Purpose and Need for Bay-Delta Update

It is widely recognized that the Bay-Delta ecosystem is in a state of crisis. Changes in land use from
natural landscapes to agriculture and urbanization combined with development of an extensive
water management infrastructure, including the construction and operation of two large water
projects, the Central Valley Project (CVP) and State Water Project (SWP) (collectively referred to as
Project(s)), have been accompanied by declines in nearly all species of native fish. Fish species have
not shown signs of recovery since adoption and implementation of the 1995 Bay-Delta Plan
intended to protect fish and wildlife. In the early 2000s, scientists noted a steep and lasting decline
in population abundance of several native estuarine fish species that has continued and worsened
during the recent drought. Likewise, Central Valley salmon and steelhead have not recovered, and
natural production of all runs remains near all-time lows.

While natural conditions have not existed in the Bay-Delta watershed for more than a hundred
years, many of the native fish and wildlife species maintained healthy populations until the past
several decades when water development intensified. In some streams, at certain times, flows are
completely eliminated or significantly reduced. At other times, flows are increased, but then
exported before contributing to Delta outflows. At the same time, the dams that impound that water
block access to upstream habitat and may cause significant warming of flows. Further, Project
operations in the southern Delta have altered water flow circulation patterns, leading to adverse
transport flows, changes in water quality, degradation of Delta habitats, and entrainment of fish and
other aquatic organisms. A significant and compelling amount of scientific information indicates that
restoration of natural flow functions are needed now to halt and reverse the species declines in an
integrated fashion with physical habitat improvements.

Upstream diversions and water exports in the Delta have reduced January to June outflows by an
estimated 60 percent (average), and annual outflow by an estimated 48 percent (mean). Studies of
river-delta-estuary ecosystems in Europe and Asia conclude that water quality and fish resources
deteriorate beyond their ability to recover when spring and annual water withdrawals exceed 30
and 40-50 percent of unimpaired flow respectively (Rozengurt et al. 1987). Fish and wildlife have
been significantly impacted by these reductions of flow, with many species currently on the verge of
extinction. As discussed in Chapter 4, while there are also other factors involved in the decline of
these species, water diversions and the corresponding reduction in flow are significant contributing
factors for which the State Water Board has regulatory responsibility to address. As such, the
proposed changes to the Bay-Delta Plan are focused on flow-related issues while also
acknowledging the importance of coordination with other science, planning and regulatory and
restoration efforts (discussed below) to address the Bay-Delta ecosystem as whole.

While various state and federal agencies have acted to adopt requirements to protect the Bay-Delta
ecosystem, there is no comprehensive regulatory strategy addressing the watershed as a whole.
Instead, there are various regulatory requirements that cover some areas of the watershed and not
others. Many of these requirements are the sole responsibility of the Projects under the Bay-Delta
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Plan, as implemented through Revised Water Right Decision 1641 (D-1641) and two biological
opinions addressing Delta smelt and salmonids. The best available science, however, indicates that
these requirements are insufficient to protect fish and wildlife. Further, these requirements address
only portions of the watershed; there are a number of tributaries that do not have any requirements
to protect fish and wildlife or that have requirements that are not integrated with other
requirements such as the Bay-Delta Plan and CESA and ESA requirements. While conditions may be
protective of fish and wildlife in some of these tributaries, action is needed to ensure that conditions
are not degraded in the future. This Bay-Delta Plan update is intended to begin to address these
issues in a more comprehensive way by looking at the Sacramento River watershed and related
tributaries and Delta as a whole.

1.1.3 Bay-Delta Water Quality Control Planning Background

The State Water Board has authority to adopt statewide water quality control plans and adopts the
Bay-Delta Plan because of its importance to the ecosystem and as a major water supply for the state.
The Bay-Delta Plan addresses water diversions and use in the water quality planning context, in
accordance with the state Porter-Cologne Water Quality Control Act and other laws. The current
Bay-Delta Plan requirements were established in 1995 based in part on an agreement between State
and federal agencies regarding measures for ecosystem protection in the Bay-Delta estuary. The
State Water Board updated the 1995 Bay-Delta Plan in 2006 with minor modifications.

The Bay-Delta Plan identifies various beneficial uses of water in the Bay-Delta and establishes water
quality objectives designed to protect those uses. Certain objectives are expressed as flows and
others as salinity (electrical conductivity or chloride) and dissolved oxygen levels that are largely
achieved through flows and Project operations. The Bay-Delta Plan also includes narrative fish and
wildlife protection objectives for salmon and Suisun Marsh. The Bay-Delta Plan includes a program
of implementation identifying how the objectives will be achieved, including a description of actions
necessary to achieve the objectives, a time schedule for taking the actions, and measures to
determine compliance with the objectives.

Currently, the Department of Water Resources (DWR) and U.S. Bureau of Reclamation
(Reclamation) are the primary water users responsible for meeting Bay-Delta Plan objectives under
D-1641, including existing Delta inflow, outflow, and salinity objectives, and Project export limits
and Delta Cross-Channel (DCC) Gate operation requirements. . In D-1641, the State Water Board
accepted various agreements between DWR and Reclamation and other water users to assume
responsibility for meeting specified Bay-Delta Plan objectives for a period of time through
conditions on DWR and Reclamation’s water rights for the SWP and CVP, respectively.

In 2008, the State Water Board adopted the 2008 Bay-Delta Strategic Workplan, which prioritized
State Water Board, Central Valley Regional Water Quality Control Board and San Francisco Bay
Regional Water Quality Control Board Bay-Delta planning and regulatory activities to address
environmental and water supply crises in the Bay-Delta, including the review and update of the Bay-
Delta Plan. In 2009, the State Water Board conducted a periodic review of the Bay-Delta Plan, and
prepared a Periodic Review Staff Report (2009 Staff Report) recommending further review of the
following: (1) Delta outflow objectives, (2) export limit objectives, (3) DCC Gate closure objectives,
(4) Suisun Marsh objectives, (5) potential new reverse flow objectives for Old and Middle Rivers, (6)
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potential new floodplain habitat flow objectives, (7) potential changes to the monitoring and special
studies program, and (8) other potential changes to the program of implementation. In the 2010
Delta Flow Criteria Report, discussed in more detail below, the State Water Board found that inflows
should generally be provided from tributaries to the Delta watershed in proportion to their
contribution to unimpaired flows to provide for continuity and diversification of flows and
increased Delta outflows for migratory and estuarine species.

1.1.4 The Delta Reform Act and Delta Flow Criteria Report

The Legislature acknowledged the ecosystem crisis in the Delta watershed in adopting the
Sacramento-San Joaquin Delta Reform Act of 2009 (2009 Delta Reform Act) (Wat. Code, § 85000 et
seq.). The 2009 Delta Reform Act established “coequal goals” for the Delta of providing a more
reliable water supply for California and protecting, restoring, and enhancing the Delta ecosystem, all
in a manner that preserves, protects and enhances its unique agricultural, cultural, and recreational
characteristics. (Wat. Code, § 85054.) The Delta Stewardship Council, established under the Delta
Reform Act, has identified updating the Bay-Delta Plan flow and water quality requirements as an
important element in protecting the Delta ecosystem and the reliability of the Delta’s water supplies.
The Delta Stewardship Council’s Delta Plan (DSC 2013) specifically calls for adequate seaward flows
in Delta channels, on a schedule more closely mirroring historical rhythms (natural, functional
flows), and specifically identifies the State Water Board as the agency charged with this task under
its water rights and water quality authority.2 In addition, the California Water Action Plan, which
establishes actions to sustainably manage California’s water resources, identifies completion of the
Bay-Delta Plan update as a key element to achieve the coequal goals for the Delta.

To inform the State Water Board’s review and update of the Bay-Delta Plan and other efforts, in
August 2010, the State Water Board completed a technical report on the “Development of Flow
Criteria for the Sacramento-San Joaquin Delta Ecosystem” (Delta Flow Criteria Report) pursuant to
the requirements of the Delta Reform Act. The Delta Flow Criteria Report included a number of
findings germane to the State Water Board’s Bay-Delta Plan update, including the following:

e The effects of non-flow changes in the Delta ecosystem, such as nutrient composition,
channelization, habitat, and invasive species, need to be addressed and integrated with flow
measures.

e There is sufficient scientific information to support the need for increased flows to protect
public trust resources; while there is uncertainty regarding specific numeric criteria, scientific
certainty is not the standard for agency decision making.

e Recent Delta flows are insufficient to support native Delta fishes for today’s habitats. Flow
modification is one of the immediate actions available although the links between flows and fish
response are often indirect and are not fully resolved. Flow and physical habitat interact in
many ways, but they are not interchangeable.

20n June 24, 2016, the Sacramento Superior Court ruled to set aside the Delta Plan and any applicable regulations
until specified revisions are completed to include quantified or otherwise measurable targets associated with
achieving reduced Delta reliance, reduced environmental harm from invasive species, restoring more natural flows,
and increased water supply reliability. The decision has been appealed.
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The Delta Flow Criteria Report included the following non-regulatory criteria:
e 75% of unimpaired Delta outflow from January through June;

e 75% of unimpaired Sacramento River inflow from November through June;
e increased fall Delta outflow in wet and above normal years;

e fall pulse flows on the Sacramento River; and

e criteria in the Delta to help protect fish from mortality in the central and southern Delta
resulting from operations of the Projects.

The Delta Flow Criteria Report further found that flow criteria should reflect the frequency,
duration, timing, and rate of change of flows, and not just volumes or magnitudes, thus many of the
criteria were expressed as a percentage of the unimpaired hydrograph. The report further found
that inflows should generally be provided from tributaries to the Delta watershed in proportion to
their contribution to unimpaired flow and that studies and demonstration projects for, and
implementation of, floodplain restoration, improved connectivity and passage, and other habitat
improvements should proceed to provide additional protection of public trust uses and potentially
allow for the reduction of flows otherwise needed to protect public trust resources in the Delta. The
report also found that it is important to establish seaward gradients and create more slough
networks with natural channel geometry. The report emphasizes the importance of a strong science
program and a flexible management regime in implementing flow requirements.

The 2010 Delta Flow Criteria Report did not take into account the effect that the identified criteria
for the protection of fish resources would have on other uses of water. The requirements that are
developed for Phase II will provide reasonable protection of fish and wildlife resources, including
cold water habitat for anadromous fishes, with consideration of other uses of water, including
municipal, industrial, agricultural, power production, and other environmental uses such as wetland
and refuge water supplies. Additional analyses will inform the State Water Board’s determination in
Phase II.

1.1.5 Science and Technical Workshops to Inform Phase Il

To further inform the Bay-Delta Plan update, the State Water Board held a series of three
informational workshops in 2012 to receive additional information and conduct discussions
regarding the scientific and technical basis for potential changes to the Bay-Delta Plan. The
workshops focused on (1) Ecosystem Changes and the Low Salinity Zone, (2) Bay-Delta Fishery
Resources, and (3) Analytical Tools for Evaluating the Water Supply, Hydrodynamic, and
Hydropower Effects of the Bay-Delta Plan. Each workshop included the participation of an
independent expert panel organized by the Delta Stewardship Council’s Delta Science Program
(DSP), technical presentations by panels representing interested parties, and public comment. The
workshops were summarized in a report that focused on identifying areas of agreement,
disagreement, and uncertainty (ICF 2013). Based on a recommendation from DSP, the State Water
Board collaborated with DSP to hold two independent science workshops on Delta Outflows and
Related Stressors (February 2013; summarized in Reed et al. 2014) and Interior Delta Flows and
Related Stressors (April 2014; summarized in Monismith et al. 2014). An additional independent
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science workshop was held by the California Department of Fish and Wildlife (CDFW), DSP, and the
National Marine Fisheries Service (NMFS) to address Fish Predation on Central Valley Salmonids in
the Bay-Delta Watershed (July 2013; summarized in Grossman et al. 2013). The information
presented in each of these workshops as well as the summary reports have informed the
development of this Report. Numerous parties participated and contributed valuable input in the
workshops and other processes described above. The State Water Board appreciates the continued
efforts and public input as reconciliation of the Bay-Delta ecosystem will require an unprecedented
level of coordination and cooperation with interested parties, including the DSP, fisheries and water
management agencies, water users, environmental groups, and other parties.

1.2  Working Draft Scientific Basis Report

The Report provides a review and summary of the best available science supporting potential
changes to the Bay-Delta Plan’s flow and operational requirements, building on science contained in
the Delta Flow Criteria Report. While perfect science is not available and exact mechanisms behind
flow-related functions are not fully understood, there is a significant and compelling amount of
information supporting the need for additional flow and related measures to protect fish and
wildlife beneficial uses in the Bay-Delta, one of the most widely studied estuaries in the world.
Adaptive implementation processes will be included in the program of implementation to ensure
flexibility in managing flows on a real-time and long-term basis to best protect beneficial uses and to
better respond to evolving scientific information.

This Chapter (Chapter 1) introduces the Report and provides a summary of its major findings.
Chapter 2 provides an analysis of the flow regime within the Sacramento River and its tributaries,
the Delta eastside tributaries, and the Delta, including how the magnitude, frequency, duration,
timing, and rate of change of flows in these streams have been altered. Chapter 3 provides a
summary of the underlying science supporting the need for flow and flow-related operational
requirements for the protection of fish and wildlife beneficial uses. This chapter includes general
information regarding the ecological needs for flows, life history information and population
information for several indicator fish species of concern and information about flow needs for these
species focused on population growth. Chapter 4 summarizes the various categories of other aquatic
ecosystem stressors in the Bay-Delta Watershed, and how stressors interact in the ecosystem.
Chapter 5 describes how the biological and hydrologic information provided in earlier sections of
the Report were synthesized to develop potential modifications to the Bay-Delta Plan. To assist the
State Water Board in evaluating a range of unimpaired flows, the Report compares a range of flows
with multiple species needs to identify the range of protection that could be achieved at different
flow levels. These protections could be enhanced through targeted adaptive management and when
combined with other measures.

1.3 Potential Modifications to the Bay-Delta Plan

Following is a summary of the requirements that are recommended to be modified in the Bay-Delta
Plan to reasonably protect fish and wildlife beneficial uses as well as a brief discussion regarding
how these proposed changes interact with other related processes. The exact changes that will be
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recommended to the Bay-Delta Plan have not yet been developed, but the general categories of
changes are summarized below. Based on agency and public comments on the working draft Report,
the State Water Board will further develop changes to the Bay-Delta Plan to be included in the final
draft Report that is submitted for peer review. The potential proposed changes to the Bay-Delta Plan
will be determined based on the final Report and environmental, economic and other analyses
prepared to determine what is reasonably needed to protect fish and wildlife. The categories of
potential changes to the Bay-Delta Plan include: Sacramento River and Delta eastside tributary
(Mokelumne, Cosumnes, and Calaveras Rivers) inflows, Delta outflows, cold water management and
interior Delta flows. To the extent that existing Bay-Delta Plan requirements are not mentioned, no
changes are recommended to those requirements at this time.

1.3.1 Coordination with other Science, Planning and
Regulatory Efforts

The Report includes various recommendations for considering potential modifications to Bay-Delta
Plan requirements that are related to other planning, science and regulatory efforts. Specifically the
Report includes recommendations that are similar to requirements included in the 2008 U.S. Fish
and Wildlife Service (USFWS) and 2009 NMFS biological opinions (BO) on the Long-Term
Operational Criteria and Plan (OCAP) for coordination of the CVP and SWP (USFWS BO and NMFS
BO respectively) and the 2009 CDFW’s Incidental Take Permit for longfin smelt issued to DWR for
the on-going and long-term operation of the SWP (CDFW ITP). Any Bay-Delta Plan requirements
that are related to the BOs, ITP or other regulatory requirements are proposed to be coordinated to
avoid unnecessary redundancy and inefficiencies while ensuring that the State Water Board meets
its obligations to reasonably protect fish and wildlife beneficial uses.

In addition to having the ISB review the working draft Report, the State Water Board is also
planning to have the hydrologic model that will be used to inform the Phase Il Bay-Delta Planning
efforts reviewed through DSP. The State Water Board will continue to coordinate with the DSP and
ISB as appropriate through completion and implementation of updates to the Bay-Delta Plan. The
State Water Board is also committed to collaborating and coordinating with other science efforts
including the Delta Plan Interagency Implementation Committee (DPIIC), Interagency Ecological
Program (IEP), the Collaborative Science and Adaptive Management Program (CSAMP) and other
efforts. In particular, the State Water Board is interested in input from these groups on adaptive
management, monitoring, reporting and analysis efforts.

The State Water Board recognizes that ecosystem recovery in the Delta depends on more than just
adequate flows, and that a multi-faceted approach is needed to address Delta concerns and reconcile
an altered ecosystem. The 2006 Bay-Delta Plan recognized that there are ongoing efforts by State
agencies, the federal government, and agricultural, urban, and environmental interests to identify,
fund, and implement measures to address multiple other aquatic ecosystem stressors, including
improving fisheries management, addressing invasive and nonnative species, and restoring and
protecting habitat. As part of this update process, many parties provided significant amounts of
information regarding other aquatic ecosystem stressors and potential actions. This information will
help inform revisions to Bay-Delta Plan, including recommendation to other entities. There are
various planning and implementation activities that are underway or currently being planned by
other agencies that the State Water Board also plans to coordinate and collaborate with including
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measures included in the: California Water Action Plan; species Recovery Plans required by the ESA;
California ECORestore; the Water Quality, Supply, and Infrastructure Improvement Act and others.
Successful implementation of these activities is expected to complement the State Water Board’s
water quality control planning and implementation efforts and will inform adaptive management
decisions regarding needed flows and operational measures.

1.3.2 Use of Unimpaired Flows, Adaptive Management and
Biological Goals

As with the State Water Board’s update of the San Joaquin River flow objectives in the Bay-Delta
Plan, for the purpose of developing and implementing regulatory requirements, this Report
proposes the use of unimpaired flows and adaptive management that is informed by monitoring,
reporting and evaluation activities to assess success at achieving identified biological goals to
protect fish and wildlife. In a regulatory setting, use of unimpaired flows allows the State Water
Board to allocate a certain amount of the available supply of a stream to the environment in order to
balance the need for flows with other uses of water for human purposes. While unimpaired flows
are not natural flows, they can be used to provide for more natural functional flows, especially when
implemented in an adaptive management framework. The use of unimpaired flows is discussed
further in Chapter 5 of this Report. When combined with the proposed adaptive management
provisions, unimpaired flows can be sculpted to provide maximum benefits to fish and wildlife,
including targeted pulses to cue migration, summer cold water releases, base flows and other
functions. The recommended adaptive implementation provisions would also allow for flow to be
increased or decreased within a specified range depending on success at achieving biological goals.
Biological goals will incorporate “SMART” (specific, measurable, achievable, relevant and time
bound) principles and will be tied to controllable factors within specific watersheds. The specific
implementation parameters for use of unimpaired flows, adaptive management and biological goals
will be provided in the draft proposed water quality objectives and program of implementation
language.

1.3.3 Tributary Inflows

The Report describes the science supporting recommended inflow requirements for tributaries to
the Sacramento River basin and Delta eastside tributaries to protect fish and wildlife beneficial uses.
These tributaries are displayed in Figure 1.3-1.
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Figure 1.3-1. Major Tributaries of the Sacramento River and Eastside Tributaries to the Delta
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Inflows to the Bay-Delta are highly modified by upstream water withdrawals and releases for water
supply, power production, and flood control, as well as by channel modifications and obstructions,
in ways that adversely affect fish and wildlife. Currently, there are no inflow requirements included
in the Bay-Delta Plan for the Phase Il area with the exception of minimal fall Sacramento River
inflow requirements at Rio Vista. Existing outflow requirements result in inflows; however, only the
Projects are responsible for those requirements and the means by which the Projects achieve those
requirements and other Project purposes can be incompatible with other fish and wildlife needs
within the tributaries, including preservation of cold water resources. There are some flow
requirements for other tributaries, but those requirements are not consistent between tributaries or
coordinated with Bay-Delta Plan Delta outflow requirements. Some tributaries also have no
environmental flow requirements at all. While conditions may currently be protective of fish and
wildlife in some of these tributaries, flow requirements may be needed to prevent future impacts to
fish and wildlife. In addition, some of these tributaries may dry up at times of year due to the lack of
flow requirements and others may have inadequate flow and water quality conditions to protect
fisheries resources. Accordingly, the science and recommendations for inflows, outflows and project
operations are necessarily interconnected to the extent possible.

With respect to inflow, the Report describes how year-round inflows are needed to protect
anadromous and other fish and wildlife species that inhabit the Bay-Delta and its tributaries
throughout the year as juveniles or adults. Those inflows are needed to provide appropriate habitat
conditions for migration and rearing of anadromous fish species (primarily Chinook salmon and
steelhead) that inhabit the Delta and its tributaries all year. Those flows are also needed to
contribute to Delta outflows to protect estuarine species.

The Report specifically finds that flows are needed that more closely mimic the conditions to which
native fish species have adapted, including the frequency, timing, magnitude and duration of flows,
as well as the proportionality of flows from tributaries. These flow attributes are important to
protecting native species populations by supporting key functions including floodplain inundation,
temperature control, migratory cues, reduced stranding and straying and other functions. Providing
appropriate flow conditions throughout the watershed and throughout the year is critical to genetic
and life history diversity that allows native species to distribute the risks that disturbances from
droughts, fires, disease, food availability and other natural and manmade stressors present to
populations. Given the altered physical and hydrologic state of the watershed, the Report
acknowledges that adaptive management should be provided to maximize the effectiveness of flow
measures and to respond to additional science and changing conditions.

The Report includes recommendations for year-round Sacramento River mainstem and tributary
and Delta eastside tributary inflow requirements to protect native fish and wildlife species rearing
in and migrating through tributaries and to contribute to Delta outflows needed to protect estuarine
and anadromous species. The Report recommends that inflow requirements be established as a
percent of unimpaired flow from the mainstem Sacramento River and Sacramento and Delta
eastside tributaries that could be adaptively managed within established parameters through the
year to achieve critical functions (e.g., pulses, base flows) within the tributaries and downstream
(connectivity, contribution to outflow needs, etc.). Similar to the proposed Phase I changes to the
Bay-Delta Plan and in recognition of the complexities of the watershed and changing conditions, the
Report recommends use of a range of unimpaired flows. The range would accommodate specific
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instream flow needs within different tributaries and provide for the implementation of non-flow
measures that could reduce the need for flows within the range. Adaptive management of inflows is
recommended to be conducted within yet to be developed parameters in coordination with the
Delta outflow requirements described below. In tributaries where flows are already adequate to
achieve the requirements, the requirements would ensure that flows are not reduced below
protective levels. In tributaries where flows are above requirements and those higher flows are
needed to protect fish and wildlife the Report includes a recommendation that those flows be held at
that level.

The numeric alternatives currently under development fall within the range of 35 to 75 percent of
unimpaired flow and will be further refined with modeling to evaluate needs to reserve cold water
in storage and other considerations. This range of refined alternatives will be further described in
the final draft Report and draft environmental and economic analyses. This range encompasses
flows that are generally close to the lower bounds of flows occurring under current conditions at 35
percent and more optimal flows for fish species at 75 percent that were identified in the Delta Flow
Criteria Report. However, as described in the hydrology chapter, current condition flows between
tributaries and water years can vary significantly and flows on many tributaries in many months are
currently well below 35% while other tributaries are above 35%. Given the poor status of many
native species that are to some degree associated with reduced flows, flows lower than current
conditions are generally not recommended.

1.3.4 Delta Outflows

The Report describes the science supporting recommended modifications to the existing Delta
outflow requirements to protect fish and wildlife beneficial uses during winter, spring, summer, and
fall periods. Since Delta outflows drive salinity and flow conditions in Suisun Marsh, this Report does
not include separate substantive recommendations for Suisun Marsh, though it does recommend
some non-substantive changes to the existing Suisun Marsh requirements.

Monitoring of fish and invertebrate abundance in the Bay-Delta Estuary continues to show the
importance of Delta outflows to the protection of various species. The relationships between
outflow and estuarine fish abundance and several other measures of the health of Bay-Delta estuary
have been known for some time (Jassby et al. 1995) and are the basis for the current spring Delta
outflow objectives. A more recent study determined that updated Delta outflow species
relationships were similar to those previously reported and are seen in a wide variety of estuarine
species (Kimmerer et al. 2009). Fish species that respond positively to increased outflow include
longfin smelt, Sacramento splittail, white sturgeon and starry flounder. Invertebrate species that
respond positively to increased outflow include California bay shrimp, Eurytemora affinis and
Neomysis mercedis. Recent information also indicates that fall and summer outflows may also be
important to Delta smelt and possibly other fish species.

Stream flow and Delta outflow are also important factors in the survival of Chinook salmon and
steelhead (NMFS 2014). Delta outflows affect migration patterns of anadromous fish and the
availability of estuarine habitat. Freshwater flow is an important cue for upstream spawning
migration of adult salmon and other estuarine-dependent species, and is a factor in the survival of
salmon smolts moving downstream through the Delta. Freshwater outflow influences chemical and
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biological conditions through its effects on loading of nutrients and organic matter, pollutant
concentrations, and residence time. While the exact mechanisms that drive all of these relationships
are not perfectly understood, perfect science is not required to move forward. Further, the proposed
changes to the Bay-Delta Plan are proposed to be developed and implemented in a way that
improves scientific understanding and responds to new information.

The last five years have provided a dramatic example of the importance of flow for native fish
species. Following the wet conditions of 2011, population abundance of longfin smelt, Delta smelt,
Sacramento splittail, and other species all increased. The next four years were very dry and the
abundance of each of these species has fallen and is now at or near its all-time recorded lowest level.
High flows have resulted in greater abundance of native fish while low flows produced population
declines. These results are consistent with earlier observations and demonstrate that the aquatic
estuarine community still responds positively to increased Delta outflow.

The effect of Delta outflows in protecting fish and wildlife involves complex interactions with other
flows in the Delta and with other parameters including the physical configuration of the Delta. The
recommended outflow modifications to the Bay-Delta Plan recognize the role of source inflows used
to meet Delta outflows, Delta hydrodynamics, tidal action, hydrology, water diversions, water
project operations, and cold water pool storage in upstream reservoirs. For estuarine-dependent
species, the statistically significant declines in population size of Sacramento splittail and longfin
and Delta smelt have continued since implementation of D-1641. The statistically significant
declines suggest that D-1641 is not sufficiently protective for these species and additional actions
are required to recover the species.

Based on the above issues, to protect native fish and wildlife species rearing in and migrating
through the Delta, the Report includes recommendations for increased Delta outflow requirements
during the winter, spring, and fall to protect native estuarine and anadromous fish species. Science
regarding needed summer outflow requirements is still emerging. As that science matures through
the process of developing this Report and the related Bay-Delta update, additional
recommendations for summer outflows may be included. Adaptive management studies may also be
recommended that rely on shifting some portion of the required flows from winter and spring to the
summer and possibly fall when higher flow requirements are not in place.

The winter and spring Delta outflows would be structured similarly to the existing Delta outflow
objectives, which are based on a measure of unimpaired inflows (Eight River Index) from the
previous month. The Report includes a recommendation that this requirement be modified to use
the current month’s index in order to be compatible with the inflow requirements and more in
concert with natural uncontrolled precipitation induced inflows to the system. The recommended
range of potential alternative modifications to Delta outflow requirements corresponds to the
recommended range of potential modifications to inflows which are no less than current conditions
and up to 75 percent of unimpaired flows. As with inflows, this range will be further refined through
modeling and analysis. To inform development and consideration of alternatives that optimize
protection of numerous species, the Report evaluates known species-specific relationships to Delta
outflows during the January through June time period. Adaptive management provisions are
proposed to be consistent to the extent possible with adaptive implementation provisions for
inflows.
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1.3.5 Cold Water Management

The Report describes the science supporting a new narrative cold water habitat requirement to
ensure the preservation of cold water for salmonids and other species. Specifically, the
requirement would ensure that cold water releases from reservoirs are maintained and timed to
provide suitable downstream temperatures and flows for aquatic species or that alternate
measures are implemented to protect anadromous fish from temperature impacts (e.g. passage
above dams). It would also ensure that adequate water remains in storage over time to provide
for critical flows at other times, and prevent drawdown of reservoirs that may occur due to
increased and existing water demands. Elevated temperatures during the salmonid egg incubation
and rearing life stages reduce survival of juvenile salmonids. Needed temperature conditions
throughout the year to protect against temperature induced mortality depend on the race of
salmonid, life stage, and other factors. Specific actions needed to achieve temperature
management in tributaries also depend on the specific circumstances of that tributary, such as
availability of stored water, opportunities for passage to cold habitat areas, and opportunities for
the use of reservoir temperature control devices. Specific implementation actions will need to be
developed according to the needs of the fish in each tributary and the actions that are available to
protect salmonids from temperature effects. As such, this Report includes a recommendation for a
general narrative requirement for cold water management with specific implementation actions
to be developed on a stream by stream basis.

1.3.6 Interior Delta Flows

The Report describes the science supporting new and potentially changed interior Delta flow
requirements to protect fish and wildlife beneficial uses. Specifically, the report discusses the
science supporting the need for interior Delta flow requirements to improve homing fidelity of adult
salmonids, improve survival of outmigrating juvenile salmonids, and minimize entrainment of
native fish in the interior Delta where survival is low due to predation, direct impingement and poor
habitat conditions. Recommendations for specific numeric interior Delta flow requirements include
modifications to the operations of the DCC Gates, SWP and CVP export constraints, and limitations
on Old and Middle River reverse flows, discussed below.

1.3.6.1 Delta Cross Channel Gate Operations

When open, the DCC Gates allow high quality Sacramento River water to flow into the interior Delta
channels toward the SWP and CVP export facilities. The DCC Gates are required to be closed at
certain times pursuant to D-1641 and the NMFS BO to protect fish and wildlife (specifically
migrating salmonids) from being entrained in the interior Delta channels where survival is reduced.
The Report includes recommendations to consider extending the time period when the DCC Gates
may be required to be closed based on monitoring information relative to fish presence in the
vicinity of the DCC Gates consistent with the NMFS BO and in coordination with the implementation
of the BO and any modified BO that may be issued in the future.
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1.3.6.2 Old and Middle River (OMR) Flows

Net OMR reverse flows are caused by the fact that the major freshwater source, the Sacramento
River, enters on the northern side of the Delta while the two major pumping facilities, the SWP
and CVP, are located in the south. This results in a net water movement across the Delta in a
north-south direction along a web of channels including Old and Middle rivers instead of the more
natural pattern from east to west or from land to sea. A negative value, or a reverse flow, indicates
a net water movement across the Delta along Old and Middle river channels to the export
facilities.

High net OMR reverse flows have several negative ecological consequences. First, net reverse
OMR flows draw fish, especially the weaker swimming larval and juvenile forms, into the SWP
and CVP export facilities. Second, net OMR reverse flows reduce spawning and rearing habitat for
native species, like Delta smelt. Third, net OMR reverse flows result in a confusing environment
for migrating juvenile salmonids leaving the San Joaquin River Basin. Finally, net OMR reverse
flows reduce the natural variability in the Delta by drawing Sacramento River water across and
into the interior Delta. Net OMR reverse flow restrictions are included in the USFWS BO, the
NMES BO, and the CDFW ITP. The Report includes recommendations to consider new reverse
OMR flow limits for the Bay-Delta Plan for the protection of salmonids, Delta smelt and longfin
smelt in coordination with the BOs and ITP discussed above or any new ESA or CESA
requirements.

1.3.6.3 San Joaquin River Flows to Exports

The 2006 Bay-Delta Plan includes export limitations that constrain exports during a 30-day period
in the spring to 100 percent of the San Joaquin River flow or minimal specified pumping levels
(1,500 cfs) to minimize entrainment and salvage losses of outmigrating juvenile salmonids from the
San Joaquin River. The 2009 NMFS BO includes more stringent constraints that are based on water
year type and that extend for 60 days in the spring. The limited 30 day period included in the 2006
Bay-Delta Plan only covers a fraction of the time period when juvenile salmonids outmigrate from
the San Joaquin River. In addition, the current requirements do not provide for much, if any of the
San Joaquin River water to flow to the Delta so that smaller weaker swimming juvenile fish have
positive flow cues to guide outmigration. The Report recommends consideration of more restrictive
export constraints as a function of San Joaquin River flows up to and beyond the NMFS BO during
the spring to protect outmigrating juvenile Chinook salmon and additional export constraints during
October to protect migrating adult Chinook salmon from the San Joaquin River watershed. Any new
requirements are proposed to be coordinated with the NMFS BO, Phase I and installation of the
Head of Old River Barrier.

1.4 Next Steps

The Phase Il Bay-Delta Plan update is in its early stages and there will be several additional
opportunities for public participation and comment as the planning process moves forward. The
scientific basis of any statewide plan, basin plan, plan amendment, guideline, policy, or regulation
must undergo external scientific peer review before adoption by the State Water Board or Regional
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Water Quality Control Boards (Health & Saf. Code, § 57004). Accordingly, after consideration of
public comments on this working draft Report, the State Water Board will revise the Report as
necessary and then submit a final draft of the Report to external scientific peer review.

In establishing water quality objectives, the State Water Board must ensure the reasonable
protection of beneficial uses, and consider various factors including other beneficial uses of water,
the environmental characteristics of the area, and economics. In addition, the State Water Board
must comply with the California Environmental Quality Act (CEQA) in evaluating the effects of the
project on the environment, as well as other applicable law.

State Water Board regulations (Cal. Code. of Regs., tit. 23, § 3777) require that any water quality
control plan proposed for approval or adoption be accompanied by substitute environmental
documentation (SED). The State Water Board’s water quality control planning program is certified
by the Secretary of the California Resources Agency as exempt from CEQA’s requirements for the
preparation of environmental impact reports (EIR), negative declarations, and initial studies (Pub.
Resources Code, § 21080.5; Cal. Code Regs,, tit. 14, § 15251, subd. (g)). Agencies qualifying for such
exemptions must still comply with CEQA’s goals and policies, including the policy of avoiding
significant adverse effects on the environment where feasible.

The SED for any proposed amendments to the 2006 Bay-Delta Plan will include identification of any
significant, or potentially significant, adverse environmental impacts of the proposed project,
analysis of reasonable alternatives and mitigation measures to avoid or reduce impacts,
environmental analysis of the reasonably foreseeable methods of compliance, and other documents
the State Water Board may decide to include. The SED will include the identification of any
potentially significant environmental impacts of any changed flow objectives in the watersheds in
which Delta flows originate, in the Delta, and in the areas in which Delta water is used or from which
Delta water is imported. It will also include an analysis of the economic impacts that could result
from changed flow objectives. The public will have the opportunity to review and comment on the
draft documents containing these evaluations.

Computer modeling will play an essential role in analyzing potential new or modified requirements.
DWR and Reclamation have developed and extensively used the CalSim Il model for planning,
managing, and operating the Projects. The State Water Board’s potential modifications to the 2006
Bay-Delta Plan may affect Central Valley and Delta operations that are included in the CalSim Il model
as well as operations that are not explicitly modeled in CalSim II. Thus, for its review of the Bay-Delta
Plan, the State Water Board needs the following additional modeling capabilities that are not part of
CalSim II’s functionality: (1) the ability to predict flows at the mouths of tributaries to the Delta; (2) the
ability to simulate water diversions on smaller tributaries and creeks; and (3) the ability to simulate
operations of local agency reservoirs that are not part of the SWP or CVP. The State Water Board also
needs a flexible, user friendly simulation tool to rapidly assess the impacts of various regulatory
scenarios on flows into the Delta, within the Delta, and flows exported from the Delta.

The State Water Board has developed the Sacramento Water Allocation Model (SacWAM) for this
purpose. SacWAM is a hydrology and system operations model that is an application of the Water
Evaluation And Planning (WEAP) system, and was a collaborative effort between the State Water
Board and Stockholm Environment Institute (SEI). The State Water Board may use modeling output
from SacWAM to evaluate various regulatory requirements:
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e To establish modeled baseline conditions.

e To estimate changes in stream and channel flows for use in an evaluation of the impacts of
alternative regulatory requirements on fisheries, terrestrial biological resources, and recreation.

e To estimate changes in water diversion for use in an evaluation of the impacts of alternative
regulatory requirements on agricultural resources, water suppliers and groundwater.

e To estimate changes in reservoir storage for use in an analysis of the impacts of alternative
regulatory requirements on hydropower generation, recreation, and fisheries.

e Toinform other analyses or models, such as Delta tidal hydrodynamics, water quality,
temperature, economic, groundwater, and fisheries.

The DSP is conducting an independent science review (ISR) of SacWAM, and is planning to hold a
review panel workshop on Wednesday, October 19. Additional information related to the ISR
process can be found here: http://deltacouncil.ca.gov/event-detail/13662. Once reviewed and
refined, the State Water Board expects to include analyses in this Report as appropriate using
SacWAM.
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Chapter 2
Hydrology

2.1 Introduction

This chapter provides a description of the hydrologic conditions of the Sacramento River, its
major tributaries, and Eastside tributaries to the Delta, and provides a comparison of existing
hydrologic conditions to unimpaired conditions. Unimpaired hydrology or “unimpaired flow”
represents an index of the total water available to be stored or put to any beneficial use within a
watershed under current physical conditions and land uses. This unimpaired flow index is
different than the “natural flow” that would have occurred absent human development of land and
water supply.

California has a Mediterranean climate that is characterized by mild, wet winters and dry, hot
summers. Eighty-five percent of the annual precipitation falls in the winter months and in the
summer, many parts of the watershed will go more than 90 days without any precipitation.
California also shows great inter-annual variability in runoff ranging from an estimated 5.1 million
acre-feet (MAF) in water-year 1977 to 37.7 MAF in water-year 1983 (DWR 2016d). For over 150
years humans have altered the Sacramento River and its tributaries to reclaim wetlands, tame
floods and to provide irrigation during the dry months. Two of the largest water projects in the
world, the State Water Project and the Central Valley Project, move water from the Sacramento
watershed, through the Delta and deliver it to farmers and cities in southern California.

The Sacramento River extends from the Modoc Plateau and the southern Cascades near the
Oregon Border to the Pacific Ocean draining an area of 27,000 square miles. The Sacramento River
has a mean annual flow of more than 22 MAF, which is approximately one-third of the total runoff
in California. It has more than 20 major salmon bearing tributaries, a number of other tributaries
with intermittent flows that salmon do not inhabit on a sustained basis, a series of flood basins,
and is home to an extensive community of fish and wildlife.

Below its source near Mount Shasta, the Sacramento River is impounded by the largest reservoir
in California, Shasta Reservoir. Below Shasta, the Sacramento River proceeds southward through a
series of leveed river channels bordered by overflow basins and weirs. The capacity of its reaches
increases and decreases as it proceeds downstream. Its main tributaries are the Feather River fed
by the Yuba and Bear Rivers and the American River. At the bottom of the watershed, the
Sacramento River meets the San Joaquin River to form the Sacramento-San Joaquin Delta. Below
the Delta, the river flows through San Francisco Bay to the Pacific Ocean.

The main hydrologic features of the Sacramento River, its tributaries, the flood basins bordering
the streams, the Delta, and the Suisun Region are described below. The descriptions of the
tributaries have been organized into the functional hydrological groups shown in the list below
and is based on watershed drivers of local hydrology that include elevation, precipitation
patterns, geology, surface water origins, groundwater contributions to surface flow, and shared
geomorphic history. Some smaller, intermittent tributaries for which there is no or limited
hydrologic information are not discussed in this report.
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e Main Stem Sacramento
e Tributaries of Mt. Lassen

o Cow Creek, Battle Creek
e Tributaries of the Chico Monocline

o Antelope Creek, Deer Creek, Mill Creek, Paynes Creek
e Tributaries of the Klamath Mountains

o C(Clear Creek
e Tributaries of the Paleochannels and Tuscan Formation

o Butte Creek, Big Chico Creek
e Tributaries of the Northern Sierra Nevada

o Feather River, Yuba River, Bear River, American River
e Tributaries of the Eastside of the Delta

o Mokelumne River, Cosumnes River, Calaveras River
e Tributaries of the Northern Coast Range, Northern

o Stony Creek, Cottonwood Creek, Thomes Creek, Elder Creek
e Tributaries of the Northern Coast Range, Southern

o Cache Creek, Putah Creek

The Sacramento River, the major tributaries, and the major reservoirs are shown in Figure 2.1-1.
The eastern tributaries from the Calaveras River in the south to the Yuba River in the north are
Sierra Nevada streams. The Calaveras, Mokelumne, and Cosumnes rivers are tributaries of the San
Joaquin River but could just as easily be described as tributaries of the Delta based on the fact that
their convergences are all in tidewater. The North Fork of the Feather River is the general dividing
line between the Sierra Nevada streams to the south and the Cascade Range streams to the north.
Clear Creek is the sole Klamath Range stream. The western streams from Cottonwood Creek south
to Stony Creek are Northern Inner Coast Range streams while Cache and Putah creeks, almost twin
streams, originate in the Southern Inner Coast Range. Elevation in the Phase 2 project area varies
enormously from east to west and from north to south (Figure 2.1-2). The Coast Range produces a
significant rain shadow effect on its eastern slope and in the valley by wringing precipitation out of
storms approaching from the west as storms typically do at this latitude. The Golden
Gate/Carquinez Straight gap in the Coast Range has the effect of focusing storms directly at the
watersheds of the American and Feather rivers. If the approach of the storm front is perpendicular
to the slope of the Sierra Nevada large localized precipitation events will occur. However, if the
storm strikes a glancing blow it will generate a low level south to north flowing atmospheric jet
str