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From: Steve Rothert <srothert@americanrivers.org>

Sent: Tuesday, July 29, 2014 3:26 PM

To: BDCP.comments@noaa.gov

Cc: Richard Roos-Collins {rrcollins@waterpowerlaw.com}; John Cain

Subject: American Rivers comments on BDCP ‘

Attachments: AR comments BDCP 7-29-14.pdf; FINAL BDCP REVIEW for TNC and AR Sept 2013.pdf
Greetings,

Please find attached American Rivers’ comments on the DEIR/S and Implementing Agreement for the BDCP.
Regards,
Steve

Steve Rothert
California Director

American Rivers

120 Union Street| Nevada City, CA 95959

Office: 530.478.0206, ext. 201|Cell: 530.277.0448
www. AmericanRivers.org

Keep up on the latest river news and info: www.americanrivers.org/updates
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Ryan Wulff

National Marine Fisheries Service
650 Capitol Mall, Ste. 5-100
Sacramento, CA 95814
BDCP.Comments@noaa.gov

Re: Bay Delta Conservation Plan

Dear Mr. Wulff:

Thank you for the opportunity to comment on the public drafts of the Bay Delta
Conservation Plan, Environmental Impact Statement/Report, and Implementing Agreement.

American Rivers is committed to the successful completion of the Bay Delta
Conservation Plan (BDCP). We understand success to mean: the State Water Project (SWP) and
Central Valley Project (CVP) contribute significantly to attaining the co-equal goals of a
sustainable Delta ecosystem and water supply reliability in the Delta.

The status quo of perpetual litigation, political conflicts, species in decline and water
shortages is simply unacceptable for the Delta and the State as a whole. It is truly time to answer
the call by the State Water Resources Control Board (SWRCB) in Decision 991 (1961), which
granted certain water rights to the Bureau of Reclamation for CVVP operations. Fifty-three years
ago, it recognized emerging conflicts between water supply users and water quality in the Delta
watershed, concluding:

“...[T]he Board will reserve jurisdiction for a reasonable period...for the purpose of
allowing the United States, the State of California, and the water users in the Delta, an
opportunity to work out their problems by mutual agreement.... The Board...recognizes
that reservation of jurisdiction does not solve the problem and without participation in
good faith by all parties such action by the Board is of little consequence. The Board
does not believe that reservation of jurisdiction and postponement of the day of final
decision will cause the problem to disappear or diminish. Neither does it believe that the
problem can be legislated out of existence nor solved by the mere weight of further
investigations and studies, of which there have been many in the past, some of which
have been recited in this decision. The time has arrived for the parties to meet at the
conference table, recognizing that all have a responsibility and an urgent interest in an
early solution.” Decision 991, 1961 WL 6816 (1961), p. 23.

An effective solution is even more urgent now. This plan has certain elements which are
essential for attaining the co-equal goals in the Delta. It proposes a new point of diversion for
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the projects in the North Delta, as recommended by fish agencies since roughly 1961. It is
intended to conserve all fish and wildlife species affected by project operations. It integrates
management of flows and other stressors for these species. It is long-term, based on adaptive
management of conservation measures across time. It includes governance procedures that are
designed to assure that permittees, regulators, and other stakeholders collaborate in plan
implementation through 2065. All of these elements are significant improvements in the status
quo — indeed, reversals.

We are also mindful that this draft plan is the result of unprecedented efforts. The
California Department of Water Resources, Bureau of Reclamation, and their contractors have
reportedly spent more than $200 million in this process. Diverse stakeholders with very different
interests and perspectives have invested literally hundreds of thousands of hours of their time in
public meetings, comments, and other efforts to bring this process to closure. To that end,
American Rivers was a charter member and active participant in the BDCP Steering Committee
from 2006 to 2010. We participated in multiple work groups convened by the Brown
Administration from 2011to 2013. We have directly contributed to the development of the plan
elements related to habitat restoration, operations, and governance.

In 2013, American Rivers and the Nature Conservancy commissioned an independent
review of the sufficiency of the plan, then as an administrative draft. Specifically, we convened
a panel of respected scientific and legal experts, under the leadership of Dr. Jeffrey Mount. We
attach and incorporate the Panel Review of the Draft Bay Delta Conservation Plan (Sept. 2013),
colloquially known as the Mount Report. While finding that Conservation Measure 1, including
the new north Delta diversion, may improve conditions for Delta smelt, the overall conclusion is
that the plan will not significantly improve the ecosystem as a whole or assure reliable water

supply.

We regretfully conclude that the plan, in its current draft form, will not make a sufficient
contribution to the attainment of the co-equal goals in the Delta as required by applicable laws.
We urge California and the United States to supplement and revise the plan with respect to the
twelve elements discussed below.

Our comments are deliberately brief, focused on the overall structure of the plan. We are
mindful that all possible defects have been or will be identified in detailed comments submitted
by others, including many from the conservation community. Likewise, the factual record
regarding the elements discussed below is voluminous and may be found variously in this draft
EIR/S or the dockets for the Central Valley Flood Protection Plan, California Water Plan, or the
Bay-Delta Water Quality Control Plan Update.

Recommended Changes

1. Increase and reshape inflows from the Sacramento and San Joaquin Rivers to
mimic the natural hydrograph and maximize the extent of frequently inundated
floodplain habitat. An overwhelming body of evidence demonstrates that instream
flows and associated floodplain inundation, particularly in the late winter and spring,

www.AmericanRivers.org
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improves conditions for numerous fish and wildlife species. Water export rules from
the Delta drive upstream reservoir operations and associated inflows today and
would continue to do so in the future under the plan. As a result, the BDCP, as it is
presently constituted, will perpetuate an excessively altered hydrologic regime and
the inexorable ecological decline of the rivers flowing into the Delta, particularly the
Feather and Sacramento.

2. Invest in demand reduction and water use efficiency throughout the Bay-Delta
watershed and export demand areas including the Bay Area. Excessive
diversions from the Bay-Delta watershed combined with the difficulty of providing
assurances that BDCP will not exacerbate this underlying problem are the primary
challenges confronting a successful BDCP. Investment in conservation throughout
the watershed and export demand areas is the best possible mechanism for managing
both these challenges.

3. Increase Delta outflow to improve conditions for pelagic species. A large body of
scientific evidence indicates that more outflow (and inflow) is necessary to achieve
recovery of endangered species. Due to the substantial scientific uncertainties, the
Mount Report recommended that “default starting operating conditions be negotiated
that approximates the [high outflow scenario], with a goal of identifying and
operationalizing attributes of this scenario that are most beneficial to listed fishes.”
Requirements to both increase outflow and inflow would theoretically allow the
water exporters to divert more water than the status quo even while meeting
requirements to increase outflow.

4. Downsize or phase the new north Delta diversion intakes. The primary reason to
consider phasing or downsizing is not the amount of water that could be taken from
the proposed north Delta intakes,* but rather the uncertainty about whether the new
intakes will function as advertised (i.e., no significant impact on covered species)
combined with the massive construction impacts along the Sacramento River
between Walnut Grove and Clarksburg - the most scenic part of the entire Delta.
The BDCP should consider smaller, tested diversion technology that could be
spatially distributed over a larger area and incrementally phased in over time. The
EIR/S does not consider an adequate range of intake locations and strategies and
instead confines the analysis to the unjustified assumption that all north Delta
diversion alternatives are limited to one or more 3,000 cfs intakes located between
Walnut Grove and Freeport. Why didn’t the EIR/S consider smaller intake facilities
or alternative intake locations upstream of Freeport or downstream of Walnut Grove?

5. Consider a western conveyance alignment and employ a hybrid conveyance
approach that improves the ecological performance of the existing south Delta
diversion along with creation of a new North Delta diversion. Improvements of

! Existing infrastructure in the South Delta can already divert as much water as the proposed 9,000 new north

Delta facility. The primary constraint is the size of the aqueduct.
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S. Delta diversion should be consistent with the Delta Corridors approach to create
an entrainment free corridor in Old River during periods when covered species are
present. A hybrid approach should also evaluate the potential for diversions from the
west Delta, potential use of brackish desalination from the Delta Diablo sanitary
district, and adoption of the western conveyance alignment to maintain flexibility to
phase in the least harmful diversion infrastructure over time, consistent with point
four above. The EIR/S does not adequately evaluate intake and conveyance
alternatives and completely failed to consider the potential benefits of a hybrid
approach that combines the Delta corridors alternative along with a smaller north
Delta diversion.

6. Expedite and maximize the ecological benefits that could accrue from restoring
and or expanding floodplain habitat in the Yolo Bypass and the Lower
Sacramento River. As discussed in the Mount Report, floodplain restoration in the
Yolo bypass and north of the proposed intakes is the only high certainty strategy for
mitigating the impacts of the proposed north Delta diversions. Expansion of the
Yolo Bypass, which is planned as part of the Central Valley Flood Protection Plan, is
one of the most promising opportunities for increasing the area of floodplain habitat.
Other promising ideas for floodplain restoration contemplated by the CVFPP or
associated planning efforts include the West Sacramento Southport Project and the
Woodlake project along the lower American River. Unfortunately, the EIR/S failed
to consider how these proposed flood system improvements could be incorporated
into BDCP. Although Conservation Measure Two (CM2) does contemplate
increasing the frequency of floodplain habitat in the Yolo bypass, completion and
operation of CM2 is not scheduled until after the North Delta intakes are operational.

7. Create a new South Delta Bypass in the vicinity of Paradise cut and Fabian
Tract to reduce flood risk and increased frequently inundated floodplain
habitat in the South Delta. The BDCP does little to improve habitat conditions in
the South Delta, particularly for San Joaquin basin salmon species. Creation of a
new floodplain corridor in the South Delta, similar to the Yolo Bypass, in
combination with the Delta corridors approach identified in point five above, would
substantially improve such conditions in the South Delta.

8. Significantly increase the area of frequently inundated floodplain habitat
upstream of the Delta. Floodplain habitat restoration upstream of the Delta is very
likely one of the best ways to mitigate the projects’ impacts on salmon species and
the Delta foodweb. Increased floodplain habitat will result in stronger, fitter juvenile
salmon better able to survival their journey to the Ocean and will increase food-web
subsidies to the impoverished Delta ecosystem. Prime opportunities include Deer
Creek, multiple sites along the Feather River, the lower San Joaquin from the
Tuolumne confluence to Mossdale, and the constellation of sites associated with the
lower Sacramento and Yolo Bypass discussed in point 6 above.

www.AmericanRivers.org
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9. Provide assurances of sufficient water supplies to meet the needs of wildlife
refuges and attain the goals of the Central Valley Habitat Joint Venture for
migratory birds. By easing Delta conveyance constraints, BDCP will significantly
increase the potential for water transfers from the Sacramento Valley that will
diminish agricultural wetlands and tail water habitat for migratory birds. The EIR/S
does not evaluate this foreseeable future impact or propose suitable mitigation. The
BDCP should include dedicated funding necessary to provide habitat and water for
migratory birds throughout the Central Valley.

10. Protect Delta levees, particularly western Delta levees necessary to maintain the
current relationship between inflow and X2 location. In its current form, the
BDCP may conflict with the common pool doctrine that has been the cornerstone of
Delta water policy since 1961. To some extent, the proposed new diversion in the
North Delta would isolate the projects from the common pool. We believe that the
BDCP should commit to: (a) make an appropriate contribution to attain water quality
standards for the common pool (including X2), regardless of Delta island failure, or
(b) reasonable measures that would substantially reduce the probability of islands
failure that would result in the eastward migration of X2. The western Delta
conveyance alignment proposed by Peer Swan and referenced in point 6 above
would facilitate the stabilization of Sherman Island and thereby substantially reduce
the probability of seaward intrusion resulting from Delta levee failure.

11. Realign responsibilities of the permittees and the regulators as necessary to
assure effective plan implementation, including adaptive management. The
draft plan includes many elements which we support. An Implementation Office
will be responsible for day-to-day plan implementation, subject to the exception that
DWR and Reclamation will manage project operations as required by the organic
statutes for the projects. The permittees will coordinate through an Authorized
Entity Group (AEG), and regulators will likewise coordinate through a Permit
Oversight Group (POG). A Stakeholder Council will represent other interests. The
Implementation Office will propose annual plans for implementation of the
conservation strategy. An Adaptive Management Team will propose adaptive
management, given the reality that the strategy will necessarily evolve as monitoring
results improve our understanding of effectiveness. The AEG and POG will review
these several proposals and resolve any disputes through administrative elevation to
the highest appropriate authority over a given dispute.

Notwithstanding our support for much of the overall structure, we believe that
certain elements should be revised to assure effective plan implementation in
compliance with applicable laws.

a. Permittees should propose adaptive management, subject to review and any
modification by regulators. The draft plan (including the Implementing
Agreement) proposes that the Adaptive Management Team include
representatives from regulators and permittees alike. Any proposal which

www.AmericanRivers.org
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12.

achieves team consensus will be implemented, while any other proposal will be
elevated to the AEG and POG for review, and if necessary, to the highest
decisional authority.

We believe that this structure unduly conflates the fundamental responsibilities
under a regulatory permit. Stated simply, permittees should be responsible for
plan implementation, and regulators should be responsible for assuring that plan
implementation timely occurs and complies with the permits and underlying laws.
We recommend that this element should be revised to provide: (a)
Implementation Office in concert with AEG would propose adaptive
management; (b) the POG would have a specified period to object, and absent
objection, a proposal would be implemented; and (c) any other proposal would be
subject to dispute resolution followed by decision by the applicable authority,
which in nearly all instances would be the regulators.

b. Governance should include all primary regulators of the plan. The draft plan
limits governance to the three regulators under the Endangered Species Act (ESA)
and Natural Communities Conservation Planning Act (NCCPA). These are:
National Marine Fisheries Service, U.S. Fish and Wildlife Service, and California
Department of Fish and Wildlife. This structure, while right under the ESA and
NCCPA, is otherwise legally inadequate.

The plan will be implemented only if approved by other regulators under other laws.
For example, the SWRCB will review the plan under at least three different
authorities: Water Code, with respect to changes in point and method of diversion;
Porter-Cologne Act, with respect to water quality standards applicable to this plan
and other diversions which affect attainment of water quality standards; and Clean
Water Act section 401, with respect to any federal permit (such as a dredge-and-fill
permit under CWA section 404) that involves a discharge. Other regulators have
other authorities which are pre-conditions for implementation, as well.

These other regulators cannot lawfully delegate their oversight of plan
implementation (including adaptive management) to the three fish agencies. In turn,
it would be unworkable to have different governance structures for ESA and
NCCPA, and then for all other purposes. These several laws will overlap
substantially in governing Conservation Measure 1 and other essential measures. As
a result, we recommend that the governance structure should be expanded to include
all primary regulators.

Structure a package of regulatory assurances under all applicable laws. The
plan proposes regulatory assurances under ESA and NCCPA, essentially providing
that the permittees will not be responsible for additional funding or other resources in
response to unforeseen circumstances over the term of these permits. However, the
plan does not address whether comparable assurances are available under the other

www.AmericanRivers.org
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laws which are also pre-conditions for plan implementation. As one example,
assurances are more limited under the Water Code, which provides for the SWRCB’s
continuing jurisdiction to protect reasonable and beneficial uses and the public trust.

We believe that the applicants may reasonably request and expect assurances which
are both (a) proportionate to the unprecedented scale and cost of this capital project
and (b) allowed under all applicable laws. We recommend that the applicants
propose a package of assurances under such laws.

Next Steps

American Rivers respectfully recommends the following next steps to bring the BDCP to
successful completion.

A. Supplement and revise the public drafts of the BDCP, EIR/S, and Implementing
Agreement. We recommend that the applicants supplement these public documents
in response to comments, including our request for modification of certain elements.
Such supplement should also include any missing elements, such as the (i)
Memorandum which is Reclamation’s substitute for the Implementing Agreement
and (ii) the exhibits to the Implementing Agreement.

The supplement would be subject to a further round of public comments.
Recognizing the length of the initial round, this would be relatively quick.

We recommend against proceeding directly to final plan and associated documents.
We believe that that alternate procedure would increase litigation risk associated
with procedural claims.

B. Convene a technical conference of primary regulators to establish a regulatory
pathway. This plan is subject to review and approval under many laws other than
ESA and NCCPA. We recommend that the applicants convene a technical
conference of all primary regulators, including the SWRCB, to establish a sequence
and schedule for such proceedings. We encourage the applicants to maximize
coordination between the proceedings.

C. Cooperate with the SWRCB and other regulators to develop a coordinated
approach to the projects and other diversions. Whatever the ultimate fate of the
BDCP, the CVP and SWP do not have the physical or legal capacity to attain the co-
equal goals for the Delta. Other diversions which are roughly two-thirds of the total
in the Delta watershed, and other stressors (such as exotic clams) which are not
under the direct control of the projects, must also be managed as necessary to attain

www.AmericanRivers.org
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those goals. In sum, it’s essential that all hands are on deck, as the late Professor Joe
Sax said in April 2013.

We are mindful of the immense complexity of a coordinated solution, given seniority
of other water rights and other legal and physical variables. That said, the wicked
problem of the Delta will only become worse if the balkanized regulation which has
occurred since 1961 continues — if the only changes in the status quo arise under the
projects.

Respectfully submitted,

\"j
/ Lo ¥ o
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Steve Rothert
California Director,
American Rivers

Attached: Mount Report (2013)

Cc:  Director Chuck Bonham, California Department of Fish and Game
Director Mark Cowin, California Department of Water Resources
Secretary Sally Jewell, U.S. Department of Interior
Secretary John Laird, California Resources Agency
Director Ren Lohoefener, U.S. Fish and Wildlife Service
Chair Felicia Marcus, State Water Resources Control Board
Regional Director David Murillo, Bureau of Reclamation
Secretary Penny Pritzker, U.S. Department of Commerce
Secretary Matt Rodriquez, Cal-EPA
Regional Administrator Will Stelle, NMFS

www.AmericanRivers.org
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American Rivers Conservancy

Rivers Connect Us Protecting nature. Preserving life.

nature. org

September 19, 2013

Re: Independent Panel Review of the Bay Delta Conservation Plan

Dear Interested Stakeholder:

The attached report was prepared by an independent panel of experts convened by Dr. Jeff Mount for
American Rivers and The Nature Conservancy to assist in our deliberations regarding the Bay Delta
Conservation Plan. Dr. Mount assembled a balanced, interdisciplinary, and objective group of experts
with long experience in the San Francisco Bay-Delta estuary to conduct this review of BDCP, which will
now join a growing library of independent reviews of efforts to resolve the Delta crisis.

The opinions, analyses, and recommendations provided in the report are solely those of the authors.
Our organizations will use the information in the report along with our own analysis of BDCP to develop
a proposal for increasing the probability that BDCP will substantially improve environmental conditions
in the Delta. This report does not represent the position of American Rivers or the Nature Conservancy.

American Rivers and The Nature Conservancy have been active participants in the BDCP planning
process for the last seven years. Our organizations have not taken a formal position in support of the
proposed project described in the administrative draft of the BDCP, but we are fully committed to
continue our work in good faith to develop a conservation plan for the Delta ecosystem that advances
the co-equal goals of ecosystem restoration and water supply reliability. The status quo condition in the
Delta is unacceptable, and without action, will result in the inexorable decline of the Delta ecosystem
and the species it supports.

Please direct questions regarding the report to Leo Winternitz or John Cain at lwinternitz@TNC.ORG and
jcain@americanrivers.org. Thank you for your consideration.

Sincerely:
L) \;ol&;Jg @Lﬁ(ﬁ, g
Leo Winternitz John Cain
Senior Advisor - Water Program Conservation Director

The Nature Conservancy American Rivers
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PANEL REVIEW OF THE DRAFT BAY DELTA
CONSERVATION PLAN:

PREPARED FOR THE NATURE
CONSERVANCY AND AMERICAN RIVERS

Jeffrey Mount, Ph.D. (Chair)
William Fleenor, Ph.D.
Brian Gray, J.D.

Bruce Herbold, Ph.D.
Wim Kimmerer, Ph.D.

Financial support provided by the S.D. Bechtel, Jr. Foundation

Technical support provided by NewFields, Inc.

September 2013

Saracino & Mount, LLC

Anthony M. Saracino anthony@saracinoandmonunt.com 916-952-8573  Jeffrey F. Mount, PhD jeff@@saracinoandmount.com 530-400-1942
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Preface

The Bay-Delta Conservation Plan is more than 15,000 pages long and covers a wide
range of issues ranging from water supply, new facility construction, aquatic and
terrestrial ecosystem management, governance and costs. Few outside of the
handful of people deeply involved in BDCP actually know what is in the document
due to its imposing size. This is particularly true for the various stakeholder groups
who lack either the staff or the technical capacity to review the document and to
evaluate the complex analyses that underpin it.

Saracino & Mount, LLC, was asked to assemble a panel of independent experts to
review portions of the Plan to help guide decision-making by two non-governmental
organizations: The Nature Conservancy and American Rivers. Guided by a narrow
set of questions about how the Plan would impact water supply and endangered
fishes, the panel reviewed the Plan documents and conducted analyses of data
provided by the project consultants. The following document is a summary of our
results.

[t is important that this analysis not be over-interpreted. We do not endorse or
reject the Plan. We only assess effectiveness of various conservation measures,
guided by narrowly targeted questions. In addition, we make a handful of modest
proposals to improve the performance of the Plan, particularly for issues of concern
to the two non-governmental organizations. Thus, the scope of this review is quite
limited.

The authors wish to thank the S.D. Bechtel, Jr. Foundation for its generous support.
The staff of The Nature Conservancy and American Rivers provided abundant time
and energy as we scoped this review. Jennifer Pierre, Armin Munevar, Chandra
Chillmakuri, and Laura King-Moon provided voluminous data, answered our many
questions and addressed our concerns. Spreck Rosecrans and Drs. Peter Moyle and
Jay Lund provided comment on portions of the manuscript, although their
comments do not constitute formal peer review. All errors of omission or
commission are our own.

Jeff Mount, Panel Chair

ii
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Executive Summary

Two non-governmental organizations, The Nature Conservancy (TNC) and American Rivers
(AR), are evaluating their options for engagement with the Bay Delta Conservation Plan
(BDCP). If approved, the Plan would become a Habitat Conservation Plan (HCP) under the
federal Endangered Species Act and a Natural Communities Conservation Plan (NCCP)
under California law. The purpose of the Plan is to allow for construction of new water
diversion facilities in the Sacramento-San Joaquin Delta while also protecting aquatic and
terrestrial species that may be adversely affected by the project and accompanying changes
in the State Water Project (SWP) and Central Valley Project (CVP) operations. The Plan
also includes habitat restoration and a commitment to assist in the conservation and
recovery of species that are listed for protection under the federal and state Endangered
Species Acts.

With financial support from the S.D. Bechtel, Jr. Foundation, Saracino and Mount, LLC,
convened an independent panel of experts, with technical support from NewFields, Inc., to
evaluate portions of the Plan. The panel, working jointly with TNC and AR, developed a
series of technical and legal questions about the Plan. This report provides answers to
these questions, along with limited recommendations on how to improve BDCP.

To simplify analysis, this review focuses on conditions for federally listed fishes during the
Early Long Term (ELT), a decade after a permit would be issued (approximately year 2025).
These are described in detail in the BDCP Effects Analysis and accompanying
Environmental Impact Statement/Environmental Impact Report. We compared the
performance of three different scenarios: a No Action Alternative (NAA) where no new
North Delta diversion facility is constructed, a High Outflow Scenario (HOS) where the
facilities are operated in a way that allows for occasional high spring and fall outflows, and
a Low Outflow Scenario (LOS) with lower spring and fall outflows. The review also
emphasizes in-Delta and Sacramento River watershed conditions during the ELT, with less
attention to San Joaquin River conditions and fishes.

Although multiple data sources were used in this analysis, most hydrologic data came from
CALSIM simulations conducted by BDCP consultants. The Panel strongly cautions about the
conclusions drawn from these simulations. Flow simulations have three compounding
uncertainties that can lead to significant error: (1) uncertainty in system understanding
and future conditions, (2) model uncertainties (particularly the relationships between 1-,
2-, and 3-dimensional models), and (3) behavioral /regulatory uncertainty where the
models cannot capture the scope of human behavior in operating the projects under
various conditions. These uncertainties, which are not described in BDCP documents well,
makes all of our conclusions contingent on the projects actually being operated as simulated.

Do Operations Shift Delta Exports from Dry to Wet Years?

The BDCP calls for increasing exports in wet years and reducing them in dry years, taking
advantage of the increased operational flexibility provided by two points of diversion. This
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would reduce stress on Delta ecosystems during drier periods. Our analysis of simulation
data suggests that while there is some increase in flexibility, export operations are highly
constrained by upstream consumptive uses, regulations that cover reservoir operations,
and flow and water quality standards. This greatly limits the anticipated benefit
associated with operation of the dual facilities. Despite these limitations, as modeled, there
is an increase in exports in wet years. In most dry years there are no substantial changes
over NAA conditions. However, significant improvements in outflow and Old and Middle
River (OMR) conditions occur in some dry years. We were unable to identify the regulatory
or operational requirements that would lead to this.

Are Impacts of the North Delta Facility Fully Assessed and Mitigated?

The Plan identifies multiple near- and far-field effects of the new North Delta facility. Based
on our review of the Effects Analysis, the Plan appears to have properly identified the most
significant effects and uses standard models to assess them. Outmigrating juvenile winter-
run and spring-run Chinook salmon will be most heavily affected, leading, in the absence of
mitigation, to significant losses. The Plan identifies multiple mitigation strategies, including
pulse flow management, predator control, entrainment reduction, non-physical barriers,
real-time operations and development of alternative migration pathways (Yolo Bypass).
With the exception of benefits from diverting juveniles onto the Yolo Bypass, all of these
mitigation approaches have high uncertainties. Done well and successfully, however, they
appear to offset the losses associated with operation of the North Delta facility. The HOS
appears most protective of conditions upstream of the Delta and adjacent to the new
facility. However, mitigation actions are unlikely to contribute significantly to recovery of
these species. Additionally, successful mitigation is likely to occur only if there is a robust
adaptive management and real-time operations program. The Plan provides neither.

Are In-Delta Conditions Significantly Improved for Smelt?

We evaluated the modeling results in the Plan and conducted our own modeling to evaluate
how changes in conditions would affect delta and longfin smelt. As noted, we are
concerned that anomalously positive (or less negative) OMR flows and high Delta outflows
that are modeled during some drier years would not actually occur in real operations.
However, if these changes were to occur we find modest to significant improvement in in-
Delta conditions for smelt, particularly delta smelt. Improvements in OMR flows under
HOS and LOS result in substantial decreases in entrainment, leading to significant increases
in long-term survival percentages for delta smelt. However, increases in spring and fall
outflow under HOS lead to small increases in longfin smelt abundance and modest
improvements in delta smelt recruitment.

Will Pelagic Fishes Benefit from Floodplain and Tidal Marsh Restoration?

The Plan properly identifies food limitation as a significant stressor on smelt populations in
the Delta. The Plan proposes to address this issue by restoring physical habitat to help
subsidize pelagic food webs. Based on simple modeling and comparison with other systems,



BDCP1672.

we find that restored floodplains and tidal marshes are unlikely to make a significant
contribution to smelt rearing habitat conditions. Tidal marshes can be sinks or sources of
food, with most appearing to be sinks for zooplankton. The Plan appears to be too
optimistic about the benefits of tidal marsh and floodplain restoration. However, there is
likely to be benefit where fishes have direct access to productivity, such as in Cache Slough.
In addition, although benefits for listed pelagic fishes are low, there are broad benefits of
restoration for many aquatic and terrestrial species covered by the Plan.

Does the Plan Provide an Effective Governance Structure?

We reviewed the proposed BDCP governance structure to evaluate its likely effectiveness
in meeting the Plan’s goals and objectives. Implementation of BDCP would be overseen by
an Authorized Entity Group (AEG) comprising the California Department of Water
Resources (DWR), the U.S. Bureau of Reclamation (USBR), and the state and federal water
contractors if they are issued incidental take permits pursuant to the BDCP. A Permit
Oversight Group (POG), consisting of the U.S. Fish and Wildlife Service (USFS), the National
Marine Fisheries Service (NMFS), and the California Department of Fish and Wildlife
(CDFW), would monitor implementation of the Plan and compliance with the biological
objectives and conservation requirements. The draft BDCP includes a 50-year “no
surprises” guarantee, as well as other regulatory assurances. We found that, when
examined in detail, the draft BDCP blurs the lines between implementation and regulation
and grants the permittees unusual decision authority. Additionally, the regulatory
assurances in the Plan, especially the “no-surprises” policy, place undue financial
responsibilities on the state and federal governments if certain modifications to the Plan
become necessary during its 50-year term. Given the complexity of the Delta ecosystem,
predicted changes in hydrology, anticipated changes in the Delta not included in the Plan,
and significant scientific uncertainties, Plan modifications are likely to be needed in the
future.

Is There a Robust Science and Adaptive Management Plan for BDCP?

The Plan is committed to adaptive management in order to address the high uncertainties.
Most of the unresolved issues in the Plan are to be resolved at a future date through
adaptive management. A “decision tree” approach is proposed to resolve conflicts over
starting operations. We found that the governance structure, whereby the AEG may
exercise veto authority over changes to the biological objectives and conservation
measures, is likely to create disincentives for adaptive management. In addition, a
proposed consensus-based Adaptive Management Team made up of POG, AEG, and
scientific community members creates conflicting relationships between decision-makers
and providers of key information. The limited information available about the science
program suggests that BDCP proposes to develop a wholly new science program that is not
integrated, but should be, with existing programs. Finally, our review of the “decision tree”
process indicates that it is unlikely to achieve the goal of significantly reducing
uncertainties before the North Delta facility is constructed and ready for operation.
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Recommendations

Based on answers to these six questions, the Panel formulated a list of nine
recommendations for improving BDCP.

e All parties need to recognize the model uncertainties in BDCP and factor that into
decision-making. It is unlikely that actual operations will follow simulated
operations.

* Given the high uncertainty over mitigation for the North Delta facility, all mitigation
efforts should be in-place and tested before the facility is completed. This includes
completion of the Fremont Weir modifications on the Yolo Bypass as well as large
scale, significant experiments in real-time flow management, predator control and
non-physical barriers.

* The improvements in long-term survival percentages for delta smelt in response to
changes in OMR need to be more rigorously evaluated, particularly in light of
uncertainties over operations. If further examination supports these findings,
operational rules should be developed that insure that the anomalous, significantly
improved drier-period OMR and outflow conditions occur.

* The limited benefit derived from changes in outflow under HOS requires a second
look at options for significant increases in outflow, including finding sources of
water outside the direct control of BDCP.

¢ Although we find that marsh and floodplain restoration is unlikely to create the
benefits for pelagic fishes described in the Plan, this can only be resolved through
experimental restoration projects. These projects need to be designed and
implemented rapidly to resolve this issue.

* Substantial revision of BDCP’s governance structure is needed. This includes giving
full regulatory authority to the POG, while limiting their involvement in
implementation.

* To address high uncertainties about project performance and future conditions,
instead of a 50-year permit, there should be renewable “no surprises” guarantees
issued every ten years based on conditions at the time and prior performance.

* An adaptive management program needs to be developed that has the capacity and
authority to conduct adaptive management experiments and effectively use
outcomes to revise and improve future actions..

* A well-funded BDCP science program needs to be developed that is integrated with
existing Delta science programs. The best opportunity for integration lies with the
current efforts to update the Delta Science Program.
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Chapter 1: The Bay Delta Conservation
Plan and Charge to the Panel

Introduction

The Bay Delta Conservation Plan (BDCP) is being developed to meet endangered
species act permit requirements for operations of the Federal Central Valley Project
(CVP) and the State Water Project (SWP) within the Sacramento-San Joaquin Delta.
The Plan includes proposals for new points of diversion in the North Delta, new
operations criteria, extensive floodplain and tidal marsh restoration, and new
governance, oversight and adaptive management programs. The Plan applicants are
seeking Habitat Conservation Plan (HCP)/Natural Communities Conservation Plan
(NCCP) permits that will guide water exports and habitat management for 50 years.

The Bay Delta Conservation Plan is the most complex HCP/NCCP permit application
ever attempted. Development of the Plan has been funded principally by state and
federal water contractors and has been on-going for more than 5 years. In Spring
2013, select chapters of the Administrative Draft of BDCP were serially released for
public review!l. An Administrative Draft of the EIS/EIR for the Plan was released in
May of 20132

At the request of The Nature Conservancy California and American Rivers—two
non-governmental organizations engaged in the BDCP process—an independent
panel of five experts (Text Box 1.1) was assembled to assist in technical review of
BDCP documents. The panel was asked to answer a suite of questions about the Plan
to help inform decisionmaking by American Rivers and The Nature Conservancy.
The panel was assembled and managed by Saracino & Mount, LLC, under contract
from the S.D. Bechtel, Jr. Foundation Water Program. NewgFields, Inc. provided
support for the panel, including data retrieval, analysis and presentation. This
report summarizes the conclusions of the work of this panel.

Guiding Questions

Two planning meetings were held between Saracino & Mount, LLC and staff of
American Rivers and The Nature Conservancy. An initial list of more than 40
questions were developed that were germane to decisions that the organizations

1 This report assumes that the reader is familiar with the Sacramento-San Joaquin Delta and on-going efforts to
manage water supply and ecosystems to meet the co-equal goals prescribed in the 2009 Delta Reform Act. A
summary of conditions in the Delta and other issues can be found at:
http://baydeltaconservationplan.com/Home.aspx
2http://baydeltaconservationplan.com/Library/DocumentsLandingPage/EIREISDocuments.aspx
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needed to make about future engagement with BDCP. These questions were
distilled into the following six:

* Q.1 Do operations of the dual facilities meet the broader goal of taking
advantage of wet and above average years for exports while reducing pressure
on below average, dry and critically dry years? What substantive changes in
operations (and responses, see below) are there both seasonally and
interannually?

* (.2 Based on operations criteria, does the Plan properly identify ecological
impacts likely to occur adjacent to and in the bypass reach downstream of the
new North Delta diversion facilities? If there will be direct and indirect harm to
listed species by the facilities, does the Plan prescribe sufficient mitigation
measures?

* (.3 Are changes in operations and points of diversion prescribed in the Plan
sufficient to significantly improve in-Delta conditions for covered species? The

focus is on listed species,

including delta and longfin smelt,

Text Box 1.1: Members of the Review Panel.

Jeffrey Mount, Ph.D. (chair), geomorphologist, ste.elhead, winter and spring run
Professor Emeritus UC Davis, former Chair Chinook, and green sturgeon.
of the Delta Independent Science Board, * Q.4 Are covered pelagic
and Partner, Saracino & Mount, LLC fish like longfin smelt and delta
William Fleenor, Ph.D. hydrologist and water smelt Iik.ely to beneﬁtﬁjom
quality specialist, Research Scientist, UC restoration of floodplain and
Davis Center for Watershed Sciences tidal marsh habitat at the scale

proposed by the Plan? Given the

Brian Gray, J.D. Professor, environmental law,

UC Hastings. curren.tstate of knowledge, and
assuming that all Plan
Bruce Herbold, Ph.D. retired US Environmental commitments are met, are these

Protection Agency, former Coordinator for

, efforts likely to result in relaxed
the Interagency Ecological Program

X2 and spring outflow standards?

Wim Kimmerer, Ph.D. food web ecologist, * Q.5 Does the Plan provide
Researcher, San Francisco State University, achievable, clear and
Tiburon Center.

measureable goals and objectives,

as well as governance that is
transparent and resilient to political and special interest influence?

* Q.6 Is there a robust science and adaptive management plan for BDCP? As
described, is the proposed “decision tree” likely to resolve major issues
regarding Fall X2 and Spring Outflow prior to initial operations?

Using these questions as guide, the panel reviewed selected chapters within the Plan.
The focus of the review was on the biological goals and objectives for species of fish
listed as threatened or endangered (BDCP Chapters 1, 2), the conservation

measures proposed to meet the biological objectives (BDCP Chapter 3 and
appendixes, see Text Box 1.2), and the analysis of the effects of the project on Delta
fish species and communities (BDCP Chapter 5 and appendixes). The panel also
examined governance, adaptive management and science programs proposed in the
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Plan, including the “decision tree” intended to resolve technical disagreements
about initial operations (BDCP Chapters 3, 5, 6, 7, 8, 9, 10).

In addition to reviewing BDCP documents and literature, the panel held two
meetings with the consultants who prepared the Plan for the project applicants. The
consultants answered questions about analyses contained within the Plan and
provided or directed panel members to pertinent sources of modeling data.

Text Box 1.2: Conservation Measures Considered by the Panel

There are 22 different conservation measures in BDCP. Since the questions asked
were narrowly defined, the Panel focused only on five of the measures. These
include:

Conservation Measure 1: Operations and Facilities. This covers the design,
implementation and operation of a new North Delta point of diversion and
the operation of all SWP and CVP facilities to improve conditions for listed
species.

Conservation Measure 2: Yolo Bypass Fisheries Enhancement. The Plan
proposes to increase winter flooding in the Yolo Bypass to improve rearing
habitat for salmon as well as improve Delta food webs.

Conservation Measure 4: Tidal Natural Communities Restoration. This measure
seeks to restore 55,000 acres of tidal freshwater and brackish marsh, with
an additional 10,000 acres of transitional habitat. This will improve
rearing habitat for several listed species and improve food webs for
pelagic fishes.

Conservation Measure 5: Seasonally Inundated Floodplain Restoration. The Plan
seeks to restore 10,000 acres of seasonal floodplain outside of the Yolo
Bypass. This supports juvenile salmonids and overall food web
productivity of the Delta.

Conservation Measure 6: Channel Margin Enhancement. The goal of the Plan is
to improve conditions for rearing salmonids along channels of the Delta
with close levees. This measure will improve 20 linear miles of channel by
creating mudflat, riparian and wetland habitat through levee setbacks.

Basis of Comparison

The Bay Delta Conservation Plan seeks a permit for operation of the SWP and CVP at
a future date when new facilities will be constructed. As written, the preferred
alternative is to construct a new point of diversion in the North Delta on the
Sacramento River near Freeport, with the goal of completion in 2025. This
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diversion is to have three screened intakes that will divert water into forebays and a
pair of tunnels capable of transmitting a maximum of 9000 cfs by gravity feed.
These tunnels will link to existing SWP and CVP export facilities located in the South
Delta. Permit authority for the construction and combined operations of these
facilities—typically referred to as dual facilities—are the foundation of the plan.
Construction and operations are paired with extensive conservation measures (see
below) to mitigate for impacts of the project and to conserve and recover listed
species and their biological communities.

One of the many controversies surrounding the Plan is the establishment of an
environmental baseline for comparison of alternatives and analysis of the effects of
the project on listed species. The requirements of the Biological Opinions (BiOps)
issued by the U.S. Fish and Wildlife Service (USFWS) in 2008 and the National
Marine Fisheries Service (NMFS) in 2009 constitute the baseline for the Plan. There
is considerable debate between the fish agencies (NMFS and USFWS principally)
and the permitees over the provisions of these BiOps, particularly in regard to
requirements for high Delta outflows to support longfin smelt in the spring and high
outflows to achieve Fall X2 (low salinity zone) provisions to support delta smelt.
For this reason, there are two Existing Biological Conditions (EBC) considered by
the Plan (Table 1.1): EBC1 includes high spring outflow provisions and EBCZ2,
includes both high spring outflow and the new Fall X2 provisions.

A central requirement of the Plan, and the source of much of its complexity, is to
analyze conditions over the 50-year life of the project. The Plan divides future
conditions into two classes: Early Long Term (ELT), which captures the initial
operating conditions of the project once a new diversion facility has been
constructed (approximately 2025), and Late Long Term (LLT) which accounts for
full completion of all conservation measures, including restoration of more than
55,000 acres of tidal marsh and floodplain (approximately 2060). Climate change,
particularly changes in runoff and sea level, and changes in water demand are
incorporated in these projections.

The controversy over spring and fall outflow needs for conservation and recovery of
listed species propagates into the assessments of future conditions. Without-project
EBC1 and EBC2 are considered for both ELT and LLT. Evaluated starting operations
(ESO) of the preferred project and alternatives are presented for ELT and LLT
conditions. Two additional future scenarios are evaluated that purport to provide
bookends to project operations that dictate future water exports. The first is a High
Outflow Scenario (HOS), which is similar to the outflow standards in EBC2 (high
spring and fall outflow). The second is a Low Outflow Scenario (LOS), which has
reduced outflow standards for both spring and fall. Both the LOS and HOS are
considered in the ELT and LLT, with the latter including completion of habitat
restoration. The Plan proposes a “decision tree process” be undertaken during
construction of the facility that will reduce uncertainties and guide initial project
operations, presumably within the bounds of the HOS and LOS (reviewed in Chapter
9).
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For the purposes of this review, we simplified our comparison of operations and
restoration scenarios to just three. Using simulation data provided by BDCP
consultants we examined the HOS and LOS scenarios for ELT. We then used a no-
project alternative, NAA ELT, that commonly appears throughout BDCP
documentation, particularly in the EIR/EIS. NAA prescribes a high fall outflow to
maintain X2 standards for smelt and D-1641 salinity and flow standards required by
the State Water Resources Control Board for the remainder of the year.

Table 1.1. Definitions of existing baseline conditions and project conditions
simulated in BDCP.

Conditions Description
Current operations based on BiOps, excluding
Existing EBC1 management of outflows to the Fall X2 provisions of
. . USFWS 2008 BiOp.
Biological

Current operations based on BiOps, including

SCLLIUELE EBC2 management of outflows to meet USFWS Fall X2
provisions from 2008 BiOp.
Projected EBC2 projected into year 15 (2025) accounting for
EBC2_ELT . .
Future climate change expected at that time.
Conditions EBC2 projected into year 50 (2060) accounting for
without the | EBC2_LLT | climate change expected at that time.
BDCP
Evaluated starting operations in year 15 assuming new
ESO_ELT | intake facility operational and restoration not fully
implemented
Evaluated starting operations in year 50 assuming new
ESO_LLT | intake facility operational and restoration fully
implemented.
Proi High-outflow operations during spring and fall in year
rojected . . o :
Future HOS_ELT | 15 assuming new intake facility operational and
.. restoration not fully implemented.
Conditions . : . . .
with the High-outflow operations during spring and fall in year
BDCP HOS_LLT | 50 assuming new intake facility operational and

restoration fully implemented.

Low-outflow operations during spring and fall in year
LOS_ELT | 15 assuming new intake facility operational and

restoration not fully implemented.

Low-outflow operations during spring and fall in year
LOS_LLT | 50 assuming new intake facility operational and

restoration fully implemented.

It should be noted that the Panel chose not to review LLT scenarios and conditions
beyond the question of whether restoration of marsh is likely to benefit listed fishes.

10
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Although it is necessary and useful to consider how the project might operate over
the long-term, especially under climate change, the Panel felt that exceptionally high
uncertainties made it difficult to offer precise answers within the LLT framework.
These uncertainties are associated with our understanding of the Delta, with the
models used to simulate future conditions, and with the array of events (biological
invasions, floods, droughts, earthquakes, policy changes, lawsuits, etc.) that are
likely to occur.

A Note About Hydrologic Modeling Tools and Uncertainties

The basis for the BDCP analysis is hydrologic simulation modeling that provides
flow, water elevations, temperature and salinity at various locations throughout the
Delta and its upstream areas. Much of the Effects Analysis for aquatic species and all
of the export projections are based on outputs from these hydrologic models. BDCP
is one of the most complex modeling efforts of its kind and certainly the most
complex ever attempted in the Delta. This is a heroic modeling effort.

There are three general categories of uncertainty in the hydrologic model results:

Model uncertainties. This includes how the model simulates hydrology and the
hydrologic results of operations, including salinity, temperatures and other water
quality parameters. The currently available modeling tools are less than ideal to
simulate such a long-term record with dramatic changes in conditions such as sea
level rise and introduced sub-tidal and inter-tidal land. The principal issues are
summarized in Text Box 1.3.

Future condition uncertainties. There is extensive effort in BDCP to estimate future
conditions in the Delta, including sea level rise and changes in temperature and
runoff. This is the most comprehensive approach to date. These are described well
in Appendix 5A of the Plan and highlight high levels of uncertainty.

Regulatory and behavioral uncertainty. BDCP models assume that flow and water
quality standards will remain static during the life of the project. In addition, the
models assume uniform behavior of system operators, ignoring real-time operations
and adaptations. All of these are highly unlikely to occur.

The hydrologic model results of BDCP are presented as if they are a unique solution.
Given the compounding uncertainties, BDCP model results should be considered as
scenarios rather than specific outcomes. This issue is often lost in the public
debates over BDCP. As discussed later in this report, the model uncertainties
significantly impact our confidence in some of our results, particularly our analysis
of the response of pelagic fishes to changes in South Delta operations.

11
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Text Box 1.3: Hydrologic Model Uncertainty.

To adapt existing tools to model future conditions under BDCP consultants
developed dispersion coefficients with the 3-dimensional UnTRIM model
developed by Michael MacWilliams for sea level rise. A similar process was then
followed with a 2-dimensional model developed by Research Management
Associates to estimate the additional dispersion for the proposed new open tidal
areas. Parameters developed from the multi-dimensional efforts were then
incorporated into the 1-dimensional DSM2 planning model developed by DWR to
simulate a part of the long-term record incorporating sea level rise and tidally
restored acreage. The boundary conditions for the DSM2 model, which operates
at time steps as short as 15 minutes, was provided by CALSIM, the 1-dimensional
system-wide water operations optimization model. CALSIM output occurs on
monthly time steps and had to be disaggregated to provide boundary conditions
for DSM2. All the results, including the DSM2 results and artificial neural
network salinity results, were then used to train the CALSIM model. The CALSIM
model was then used to simulate the entire 82-year record that formed the basis
for the Effects Analysis. All of these model exchanges, particularly between 1-, 2-,
and 3-dimentional models, create error or model bias. To date, there is no
assessment of these model biases and how they impact BDCP results.

Organization of This Report
This report is organized into nine chapters followed by a summary of answers to the
guiding questions. Chapters 2-9 include:

* Chapter 2, Overview of the Law Governing BDCP. Although not specifically
requested by TNC and AR, we found it helpful to review key provisions of the
HCP/NCCP laws that set standards for recovery of populations of covered
fishes.

* Chapter 3, Water Supply Operations. This chapter examines how BDCP
performs in meeting the goal of increasing water supply reliability. This
includes assessment of changes in export volumes, both seasonally and
within different year types.

* Chapter 4, Environmental Flow Performance: Upstream and Inflows. The new
facilities and their operation are supposed to improve flow conditions
impacted by the SWP and CVP. This chapter describes flows regulated by
project dams, flows past and through the new North Delta facilities, and the
overall inflow regime of the estuary.

* Chapter 5, In-Delta Effects on Pelagic Fishes. The changes in flow conditions
outlined in the previous chapter translate to changes in ecological conditions
for listed fish species. This chapter evaluates the likely response of delta
smelt and longfin smelt to these changes

12
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* Chapter 6, Estimated Effects of BDCP Flows on Smelt. This chapter examines
the magnitude of changes in outflow and the likely response of delta and
longfin smelt.

* Chapter 7, Likely Response of Listed Fishes to Habitat Restoration. A
fundamental hypothesis of BDCP is that restoration of physical habitat,
particularly tidal marsh, will improve food web conditions for pelagic fishes,
aiding their recovery. This chapter evaluates this hypothesis.

* Chapter 8, Governance and Terms of BDCP. The 50-year permit for the project,
coupled with governance and oversight, are examined in this chapter.

* Chapter 9, Science and Adaptive Management. The Plan makes extensive
mention of the use of adaptive management supported by robust science to
address major uncertainties. The Plan’s objectives in this regard are
reviewed.

* Chapter 10, Summary and Conclusions. This chapter provides a summary of
answers to the six questions presented to the panel by American Rivers and
The Nature Conservancy. In addition, where appropriate, recommendations
are offered for ways to improve the performance of BDCP.

Conclusion

This report is, by design, narrowly focused on a limited set of issues of concern to
The Nature Conservancy and American Rivers. Itis not intended to serve as a broad
review of BDCP, nor is it directed toward a wide audience. In addition, the panel
specifically steered away from endorsing or rejecting BDCP, and makes no
recommendation on the critical question of whether American Rivers and The
Nature Conservancy should support BDCP, support it with modifications, or
reject/oppose it. Rather, the observations, analyses and recommendations are
solely intended to inform this decision.

13
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Chapter 2: An Overview of the Law
Governing the BDCP

Introduction

This chapter provides a brief overview of the law that governs the creation and
implementation of the Bay Delta Conservation Plan. It also addresses an important
question that has arisen during the BDCP negotiations: May the California
Department of Fish and Wildlife (CDFW) approve the BDCP as a natural community
conservation plan if the BDCP does not provide for full recovery of the endangered
and threatened species covered by the Plan?

Habitat Conservation Planning and Natural Community

Conservation Planning Under Federal and California Law

The BDCP is a Habitat Conservation Plan (HCP) authorized by section 10(a) of the
federal Endangered Species Act (ESA), 16 U.S.C. § 1539(a), and a Natural Community
Conservation Plan (NCCP) authorized by the California Natural Community
Conservation Planning Act (NCCPA), California Fish and Game Code §§ 2800-2835.
Section 10(a) of the federal ESA allows the U.S. Fish and Wildlife Service (USFWS)
and the National Marine Fisheries Service (NMFS) to issue permits that authorize
the taking of endangered or threatened species “if such taking is incidental to, and
not the purpose of, the carrying out of an otherwise lawful activity” and the
proposed activity is governed by an approved HCP. Id. § 1539(a)(1)(B) & (2).
Similarly, under the NCCPA the California Department of Fish and Wildlife (CDFW)
may “authorize by permit the taking of any covered species . .. whose conservation
and management is provided for in a natural community conservation plan
approved by the department.” California Fish & Game Code § 2835.1

If approved by the three fish and wildlife agencies, the BDCP will be a legally binding
document that defines the terms and conditions under which the U.S. Bureau of
Reclamation (USBR) and the California Department of Water Resources (DWR) may
construct and operate the proposed new water diversion and transport facilities
described in the draft Plan.?2 The BDCP also will serve as “a comprehensive

1 The NCCPA defines “covered species” to include species that are listed for protection under the California
Endangered Species Act, California Fish & Game Code §§ 2050-2115.5, and nonlisted species that are “conserved
and managed under [another] approved natural community conservation plan and that may be authorized for
take.” Id. § 2805(e).

2 The complete statutory requirements governing the contents and approval of the BDCP as an HCP and NCCP
are set forth respectively in section 10(a)(2)(A) & (B) of the federal Endangered Species Act, 16 U.S.C. §
1539(a)(2)(A) & (B), and sections 2810 and 2820 of the California Fish and Game Code.

14
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conservation strategy for the Sacramento-San Joaquin River Delta (Delta) designed
to restore and protect ecosystem health, water supply, and water quality within a
stable regulatory framework” (BDCP 1-1)3.

The BDCP will include “regulatory assurances” that protect the permittees from the
financial cost of changes to the BDCP or other regulatory changes needed to protect
the species or their habitat*. As authorized by federal and state law, these
regulatory assurances provide that, if changed circumstances arise that are either
unforeseen or not provided for in the Plan, then the fish and wildlife agencies will
not require the permittees to devote additional land, water, or financial resources
beyond the levels set forth in the BDCP without the consent of the plan participants.
Nor will the federal and state regulators impose additional restrictions on project
operations without compensating the permittees for the lost water or additional
costs.>

Both statutes also authorize the fish and wildlife agencies to suspend or revoke the
incidental take permits for noncompliance with the terms and conditions of the
BDCP or where implementation of the Plan will place the covered species in
jeopardy of extinction.®

We consider the regulatory assurances, revocation authority, and other aspects of
BDCP governance in Chapter 8.

3 In addition, the BDCP will be the basis for a biological assessment that USBR will submit to the USFWS and
NMES prior to consultation under section 7 of the Endangered Species Act. BDCP 1-6. The BDCP thus will help
to inform the federal fish and wildlife agencies’ analysis of the new facilities and changes in coordinated
CVP/SWP operations proposed in the draft Plan. The agencies then will decide whether the BDCP “is not likely
to jeopardize the continued existence of any endangered species or threatened species or result in the
destruction or adverse modification of [the species’ critical habitat].” 16 U.S.C. § 1536(a)(2). If the agencies
determine that the BDCP is likely to jeopardize a listed species or adversely affect critical habitat, the biological
opinion that they issue to the Bureau will include “reasonable and prudent alternatives” designed to avoid these
consequences, as well as incidental take authorization governing CVP operations. Id. § 1536(b)(3) & (4).

4 The regulatory assurances will apply to all entities that are issued incidental take permits under the BDCP,
including DWR and the CVP and SWP contractors if the contractors become permittees. The “no surprises”
assurance will not apply, however, to the Bureau of Reclamation. BDCP 6-29.

5 The USFWS and NMFS adopted the federal “no surprises” policy by rulemaking in 1998. The substantive
requirements of these rules may be found at 50 C.F.R. § 17.22(b)(5) & (6) and 50 C.F.R. § 222.307(g),
respectively. The state “no surprises” guarantees are set forth in the NCCPA itself. California Fish & Game Code
§ 2820(f).

6 The federal suspension and revocation rules are set forth in the Endangered Species Act, 16 U.S.C. §
1539(a)(2)(C), and in the ESA regulations, 50 C.F.R. § 17.22(b)(8). The state law counterparts may be found in
California Fish & Game Code § 2820(b)(3).
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Conservation and Recovery Requirements Under Federal and

State Law

The federal Endangered Species Act and the California Natural Communities
Conservation Planning Act differ in their respective conservation and recovery
standards. The federal statute provides that the fish and wildlife agencies may not
approve the BDCP unless they determine that the incidental take authorized by the
permit and HCP “will not appreciably reduce the likelihood of the survival and
recovery of the species in the wild.” 16 U.S.C. § 1539(a)(2)(B)(iv).

In contrast, the NCCPA states that Department of Fish and Wildlife may approve the
BDCP only if it finds inter alia that the Plan

provides for the protection of habitat, natural communities, and species
diversity on a landscape or ecosystem level through the creation and long-
term management of habitat reserves or other measures that provide
equivalent conservation of covered species appropriate for land, aquatic, and
marine habitats within the plan area.

California Fish & Game Code § 2820(a)(3) (emphasis added). The Act defines
“conservation” as “the use of methods and procedures within the plan area that are
necessary to bring any covered species to the point at which the measures provided
pursuant to [the California Endangered Species Act] are not necessary.” Id. § 2805(d)
(emphasis added).

In other words, the federal Endangered Species Act requires only that habitat
conservation plans ensure that the permitted activities do no significant harm to the
listed species or to their critical habitats. The California Natural Communities
Conservation Planning Act, by comparison, regards proposed projects such as the
BDCP as opportunities for more coordinated and cohesive planning to improve the
condition of covered species and their habitat, rather than simply being a means to
authorize the permitted activities while maintaining the status quo ante.

The draft BDCP describes its biological goals and objectives in two different ways.
At the “landscape level,” the goals include restoration or creation of “ecological
processes and conditions that sustain and reestablish natural communities and
native species” (BDCP 3.3-5). At the “species level,” however, the biological goals
refer to progress toward the landscape level goal of reestablished and sustainable
natural communities and native species.

Thus, the primary biological goals for the Delta Smelt and Longfin Smelt are
“increased end of year fecundity and improved survival of adult and juvenile.. . .
smelt to support increase abundance and long-term population viability” (BDCP 3.3-
13 & 3.3-16). Similarly, the principal biological goal for Sacramento Winter-Run
Chinook Salmon is “improved survival (to contribute to increased abundance) of
immigrating and emigrating ... salmon through the Plan Area,” (BDCP 3.3-16), and
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for other species of salmon and steelhead the goal is “increased . .. abundance”
(BDCP 3.3-17 to 3.3-19).

The draft BDCP explains that the process of developing these species level biological
goals “did not assume that the BDCP would be solely responsible for recovery of
these species, and so the designated biological goals and objectives did not
necessarily match the recovery goals, but instead represented the BDCP’s potential
to contribute to recovery within the Plan Area (BDCP 3.A-14: emphasis added). This
decision has become a focal point of debate over the essential purposes and
mandates of the NCCPA.

In aJuly 10, 2013, letter to the Director of CDFW, three environmental organizations
challenged the BDCP’s proposed adoption of biological goals that do not provide for
full recovery of the species, arguing that this “contribution to recovery” standard
violates California law:

Under the plain text of the NCCPA, conservation means recovery, and a Plan
is required to contain measures that are sufficient to achieve recovery within
the plan area.

The Natural Community Conservation Planning Act is the Foundation for a Successful
Bay Delta Conservation Plan, Letter to Charlton H. Bonham, Director of the California
Department of Fish and Wildlife, from the Defenders of Wildlife, Natural Resources
Defense Council, and the Bay Institute, July 10, 2013, at 5 (citing Fish & Game Code §
2805(c)).

As described in detail in the chapters that follow, the limitations on project
operations and other conservation measures set forth in the draft BDCP would not
meet the conservation standard proposed by the July 10th letter—viz. full recovery
of the listed species—though they are likely to contribute to species recovery. The
letter thus raises a critical legal question that will have to be resolved by the
Director of CDFW, in consultation with the Department’s General Counsel and the
Attorney General, before the Department decides whether to approve the BDCP.

The answer to this question is not free from doubt, as the Legislature defined the
purposes of the NCCPA in terms that stand in some tension to one another. For
example, section 2801 (i) declares that the “purpose of natural community
conservation planning is to sustain and restore those species and their habitat. . .
that are necessary to maintain the continued viability of those biological
communities impacted by human changes to the landscape.” California Fish and
Game Code § 2801(i) (emphasis added). In contrast, section 2801(g) states that
“In]atural community conservation planning is a mechanism that can provide an
early planning framework for proposed development projects . .. in order to avoid,
minimize, and compensate for project impacts to wildlife.” Id. § 2801(g) (emphasis
added).
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A careful and integrated reading of the text of the substantive provisions of the
statute, however, should lead to the conclusion that the Act authorizes the CDFW to
approve the BDCP if it concludes that the Plan would protect listed species from the
adverse effects of the projects authorized by the Plan (including full mitigation of
those effects) and would promote the recovery of listed species. Stated differently,
we do not believe that the Legislature intended to prohibit the Department from
approving the BDCP unless it concludes that the Plan—in isolation both from other
existing sources of the species’ decline and from other state and federal actions to
protect listed species—will achieve full recovery of the species. We reach this
conclusion for several reasons.

First, the interpretation of the statute proposed in the July 10th letter is based
entirely on the section of the Act that defines the term “conservation.” If the
Legislature actually intended to require the CDFW to determine that an NCCP would
be likely to achieve full recovery of listed species, it would have included this
requirement in Section 2820, which governs the Department’s approval of proposed
NCCPs.

Section 2820(a) lists ten separate findings that are prerequisite to CDFW approval,
and section 2820(b) contains nine terms that must be included in the
implementation agreements that accompany the NCCPs. None of these mandatory
findings and terms includes the requirement proposed in the July 10th letter. We do
not believe that the Legislature somehow intended to add a twentieth requirement
to these lists—that the NCCP and implementation plan must provide for full species
recovery—by implication from the definitions section of the Act.

Second, there are two provisions in section 2820 that expressly link the required
conservation measures to the effects of the project authorized by an NCCP. Section
2820(a) states that the CDFW may approve an NCCP only if it finds that the plan

contains specific conservation measures that meet the biological needs of
covered species and that are based upon the best available scientific
information regarding the status of covered species and the impacts of
permitted activities on those species. [Id. § 2820(a)(6) (emphasis added).]

Section 2820(b) stipulates that implementation agreements must include provisions

to ensure that implementation of mitigation and conservation measures on a
plan basis is roughly proportional in time and extent to the impact on habitat
or covered species authorized under the plan. These provisions shall identify
the conservation measures . .. that will be maintained or carried out in rough
proportion to the impact on habitat or covered species. [Id. § 2820(b)(9)
emphasis added).]

This pairing of conservation and recovery with references to the “impacts of
permitted activities,” together with the “rough proportionality” limitation on
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conservation measures, suggests that the Legislature intended to authorize NCCPs
as a means of contributing to other state and federal efforts to recover species, but
not significantly in excess of the burdens that the project covered by the plan would
impose on the species.”

Third, there is nothing in the text or legislative history of the NCCPA to indicate that
the Legislature intended to force the state to bear programmatic and financial
responsibility for full species recovery each time the CDFW approves an NCCP.8
Conservation measures required to achieve full recovery may extend far beyond the
scope of an individual NCCP. Indeed, a requirement of full recovery would be
particularly problematic for plans such as the BDCP that involve multiple species
(some of which only partly inhabit the program area), multiple sources of stress,
and diverse land and water management and regulatory agencies that each have
independent obligations to contribute to species conservation and recovery. We do
not believe that the Legislature would have assigned such a Herculean obligation to
the Department, or imposed such a potentially large financial burden on state
taxpayers, without saying so explicitly in the text of the statute.

Finally, an interpretation of the statute that would require the CDFW to make a
determination that all proposed NCCPs provide for full recovery of listed species
would likely have the unintended and pernicious consequence of deterring the
Department from approving future plans. The CDFW might conclude that the scope
of the necessary species recovery effort extends beyond the scope of the proposed
project and hence beyond the capabilities of the project restrictions and
conservation measures that would be included in the individual NCCP. Or it might
be reluctant to approve an NCCP in situations where the costs of full recovery of the
listed species covered by the plan—which the state would have to bear—
significantly exceed the project mitigation costs that may be placed on the project
proponents.

Again, these factors are especially pronounced in contexts such as the Delta
ecosystem where there are multiple species (some of whose habitat is only partly

7 The July 10th letter acknowledges that the NCCPA contains this “rough proportionality” limitation, but argues
that “the concept of ‘rough proportionality’ is applied only to mitigation measures and not to a plan’s
conservation measures.” Letter to Director Bonham at 7. The text of the Act belies this interpretation, however,
as four of the five statutory references expressly apply the “rough proportionality” limitation to the conservation
requirements. See California Fish & Game Code §§ 2805(g)(3)(C), 2820(b)(3)(B), § 2820(b)(9) & § 2820(c).

8 The July 10th letter recognizes that the entities that receive incidental take permits under the BDCP may not
be required to bear all of the costs of recovery of the various listed species: “[W]hen dividing up the costs of the
plan’s conservation strategy, the individual developers are only responsible for paying for ‘mitigation’ and the
‘conservation’ increment above mitigation is the responsibility of the state.” Letter to Director Bonham at 7.
Thus, if the costs of recovery exceed the mitigation costs that lawfully may be assigned to the permitted entities,
the state must make up the difference: “The BDCP cannot limit its conservation measures to address only those
impacts from the covered activities and avoid providing conservation measures sufficient to recover covered
species.” Id. at 8.
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within the project area), multiple stressors (many of which are not plan
participants), overlapping and sometimes conflicting habitat requirements, and
tremendous uncertainty both about the needs of the species and the likelihood of
success of recovery strategies. The interpretation of the NCCPA set forth in the July
10th letter therefore poses a significant policy risk of deterring otherwise salutary
applications of natural resources conservation planning.

Conclusion

We conclude that the draft BDCP’s establishment of biological goals and
conservation measures that are based on the Plan’s “potential to contribute to
recovery” of the covered species complies with the Natural Communities
Conservation Planning Act. We also believe that the CDFW may approve the Plan if
it determines that the BDCP will ensure the survival of the listed species, fully
mitigate the adverse effects of the project on all covered species and their habitat,
and further the more general state and federal efforts to recover the species and to

restore the favorable conditions of their habitat.
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Chapter 3: Water Supply Operations

Introduction

The construction of a new North Delta diversion facility, and the coordinated
operation of the North and South Delta facilities constitute the first and most
prominent conservation measure (CM#1) of the BDCP. While ostensibly a
conservation measure, the new facilities are principally an effort to improve the
reliability of exports from the Delta. Their operations, in conjunction with all other
conservation measures, are intended to mitigate for impacts of the CVP and SWP,
avoid jeopardy and/or to contribute to the recovery of covered species (Chapter 2).

A basic premise of BDCP is that the construction of the new North Delta diversion
facility will simultaneously improve water supply reliability while reducing
ecosystem impacts. This stems from the increased operational flexibility associated
with two points of diversion located in different portions of the Delta. A presumed
benefit of this flexibility is the capacity to take advantage of periods of high inflow
for exports, allowing for reductions in exports during dry periods when impacts on
the ecosystem may be largest. This is consistent with the co-equal goals expressed
in the 2009 Delta Reform Act.

This chapter examines the water supply operations proposed under BDCP to
evaluate 1) if there are significant changes in supply reliability associated with the
project and 2) how these changes apportion exports in wet vs. dry periods. This
description is foundational for the assessment of ecological and species-specific
consequences of BDCP as described in subsequent chapters.

Proposed Facilities and Operations

There are lengthy descriptions of the design and operation of new and existing
water export facilities in the Administrative Drafts of the EIR/EIS and BDCP. The
reader is referred to these documents for information. The centerpiece of the plan is
the 9000 cfs capacity diversion in the North Delta that conveys water to the SWP
and CVP export facilities in the South Delta through two tunnels.

Regulatory Constraints

The operational criteria for the export facilities are both complex and highly
constrained (Appendix A). As outlined below, these constraints significantly reduce
the operational flexibility of the facilities. The current regulatory constraints include
but are not limited to:

* SWRCB water rights decision D-1641: this includes standards for minimum
monthly Delta outflow, salinity objectives at multiple Delta locations, location
of X2 (the position of the 2 ppt salinity near the channel bottom), a maximum
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export/import ratio objectivel, closures of the Delta Cross Channel (DCC),
placement of a barrier at the head of Old River, and flow standards for the
San Joaquin River below Vernalis. These standards vary depending upon
months of the year and water year type.

* Remanded 2008 USFWS Biological Opinion (BiOp): prescribes restrictions
for magnitude and timing of reverse flows in Old and Middle River (OMR) in
the South Delta, to protect delta smelt. These vary depending upon time of
year, water temperature, flows on the San Joaquin River, and proximity of
smelt. This BiOp also calls for higher spring and fall outflows that exceed D-
1641 standards. These outflow standards vary on water year type.

* Remanded 2009 NMFS BiOp: has different restrictions on OMR flows than
the USFWS BiOp. Reductions in reverse OMR flows are scheduled to protect
outmigrating salmonids. These vary depending on temperature and inflow.
This BiOp increased San Joaquin River flows and set export/San Joaquin
River flow ratios that are more restrictive than D-1641.

There are other regulatory constraints beyond D-1641 and the two remanded
BiOps; however, compliance with these regulations appears to dominate water
supply export modeling. Additional constraints are based on proposed operating
rules for both the North and South Delta facilities. The most significant include:

* Maintenance of minimum flows downstream of the North Delta facility
(called “Bypass Flows”)

* Restrictions aimed to reduce reverse flows at the confluence between the
Sacramento River and Georgiana Slough

* Atiered, three-level pumping regime for December through June that seeks
to protect the initial winter flood pulse and spring pulses that affect juvenile
salmon outmigration

* Flows with sufficient velocity to reduce impingement of salmonids at
diversion screens

* Increased restrictions for reverse Old and Middle River (OMR) flows
associated with South Delta exports.

Infrastructure and Inflow Constraints

Infrastructure design and capacity forms another array of constraints. For the
purposes of BDCP simulation modeling, south of Delta storage was limited to space
within San Luis Reservoir. Operations during wet and above average conditions are
often constrained by available space to store water in this facility. Expanding
potential storage, particularly groundwater storage, would have created
considerably more flexibility in exports, particularly during wet years.

1 BDCP treats the export/import ratio in two ways: 1) counting as “import” all inflows from the San Joaquin and
Sacramento Rivers and Delta’s tributaries or 2) counting inflows as above, but counting flows below the North
Delta facility as inflow. The latter approach seeks to exclude North Delta exports from D-1641 export/import
restrictions. From an ecosystem perspective, this makes no sense since the North Delta exports are, in effect,
exports from the legal Delta.
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The size of the North Delta facility is also a constraint, principally during periods of
sustained high flow on the Sacramento River in wet years. The preferred project
has shifted from an initial facility size of 15,000 cfs to 9,000 cfs in the current plan.
The export, economic and environmental performance of the 9,000 cfs facility is
compared to 14 alternatives in Chapter 3 and 5 of the Draft EIS/EIR. These
alternatives vary facility size, location and operations in the comparison. A narrative
is presented in the EIS/EIR that describes the rationale for rejecting the 14
alternatives and selecting the preferred project?.

Exports are also naturally constrained by the timing and volume of inflows, with
strong seasonal and interannual variation. One of the larger export challenges faced
by BDCP is its location at the bottom of the system where flows enter the Delta.
Upstream water management and consumptive use dominate inflows to the Delta
over most years (Figure 3.1). These abstractions, which consume roughly % of
water that would naturally flow to the Delta, are beyond the control of BDCP, yet are
the greatest operational influence on Delta inflows. Under BDCP, exports would be
roughly equivalent to upstream consumptive use.

In addition, there are important restrictions on reservoir operations that constrain
exports. The USACE has congressionally authorized rule curves that dictate Fall,
Winter and Spring operations to maintain flood reserves. More importantly, there
are BiOps that dictate flow and temperature requirements to meet the life history
needs of covered salmon, steelhead and sturgeon below the dams. Meeting these
standards, particularly in drier years and under a warming climate, limits the
amount and timing of inflows to the Delta. Oroville Reservoir, which has fewer
restrictions on flows, becomes the most important for supporting Delta inflows as a
result, particularly during drought conditions (see below).

Consequences of Constraints

The above discussion is intended to highlight a conundrum that is not discussed
much outside of the BDCP community of experts and is not examined in the Plan:
export operations and operations to support conservation are highly constrained.
These regulatory, operational and infrastructure constraints limit the ability of
BDCP to adaptively manage operations to support co-equal export and ecosystem
objectives. For this reason, the anticipated management associated with the new
diversion facility is not fully realized.

2 [t is beyond the scope of this review to examine facility size in detail. In general, the analyses offered in the
EIR/EIS conclude that the 9000 cfs facility provides the optimal balance of cost and flexibility. The additional
capacity of the 15,000 cfs facility is rarely used in the operations that they modeled, leading to a very modest
increase (<250 taf) in overall exports. The EIS/EIR did examine smaller facilities with capacities of 6000 and
3000 cfs. However, the operating criteria used to evaluate these two alternatives are not comparable to those of
the preferred alternative, making the comparison moot.
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Figure 3.1 Proportional Delta water use. Exports constitute roughly 18% of the total
unimpaired flow of the Delta in the 1986-2005 hydrology, with upstream
consumptive use approximately 24%. From Fleenor et al. (2010).

This also highlights how flow management in BDCP was developed using system
models. As described in Appendix 5C of the Plan, the models sought to meet the
requirements of D-1641, the remanded BiOps, reservoir and diversion facility
constraints, and south of Delta storage. The objective function was then to
maximize Delta exports within those constraints. Although this seems logical, it
highlights how CM1 is not a conservation measure, per se. Rather than doing a
bottom-up assessment of ecosystem flow needs, as is typically done when setting
environmental flows, the modeling sought to meet current regulatory requirements
and flow constraints sought by fish agencies. This illustrates one of the key points
made by Lund et al. (2010) and Moyle et al. (2012) that multi-objective management
of the Delta is likely to require a comprehensive re-evaluation of flow and water
quality standards.

Export Reliability

A goal of the BDCP project and the current Delta Plan is to improve reliability of
water derived from the Delta for consumptive uses3. Using model simulations
provided by BDCP consultants, we have evaluated how well BDCP meets the goal of
improving export reliability. The most commonly discussed aspect of BDCP—

3In actuality, the most reliable system would provide a given amount of water each year with the smallest
deviation from that amount. Instead, BDCP attempts to produce the most water in any given year under the
given regulatory and operational constraints. This produces a more resilient water supply systems, whereby the
greatest volume is made available, even under the event of catastrophic salinity intrusion into the Delta. The
terms resilient and reliable are used interchangeably in BDCP and other documents.
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average annual export—is summarized in Figure 3.2, and compares the no-project
alternative, NAA with the high outflow scenario, HOS and low outflow scenario, LOS
(defined in Chapter 1). This modeling suggests that the HOS and NAA would provide
roughly equal average exports, with the LOS providing approximately 700 taf more.
However, these figures are an average over an 82-year simulation period and offer
little information about reliability.
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Figure 3.2: Monthly averaged exports for NAA, LOS and HOS under ELT conditions.
Based on BDCP CALSIM data.

Exceedance curves (Figure 3.3) give a better indication of reliability. This approach
provides the probability that a given export volume will be equaled or exceeded in
any given year. For example, for the 50% exceedance probability (meaning one out
of every two years), the NAA performs slightly better than the HOS, but much worse
than the LOS. Overall, the LOS performs significantly better than NAA in six out of
ten years and better than the HOS in eight out of ten. The HOS is outperformed by
the NAA in five out of ten years (drier) and appears to only provide significant water
supply benefits over the NAA in one out of ten years (wettest). The conclusion is
that export reliability for the HOS and NAA are not substantially different, while
reliability for the LOS is markedly higher.
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Figure 3.3: Exceedance probabilities for NAA, LOS and HOS exports under ELT
conditions. Note that LOS produces higher exports for all probabilities, suggesting
that it is the most reliable/resilient of the scenarios.

Water supply reliability curves for SWP and CVP customers are presented in
Chapter 5 of the Draft EIS/EIR. These curves indicate that south-of-Delta municipal
and farm users would realize considerable increases in overall reliability of supply
under the LOS, compared to the NAA and HOS, particularly in above average and
wet years. North-of-Delta users of CVP water would likely see a decrease in
reliability over the long term, principally due to climate change.

Export Timing

A goal of BDCP and the Delta Plan is to shift exports to wetter years and to reduce
pressure on drier years. A comparison of the average exports of NAA, LOS and HOS
for all five year-types is presented in Figure 3.2. Based on the modeling data
provided, there appears to be a significant increase in LOS exports in above average
and wet years as compared to the NAA, with HOS intermediate between the two.
This increase is accomplished through increased use of the North Delta facility
during winter and spring periods when OMR restrictions most strongly impact
South Delta operations.

Below average, dry and critical dry year performance of BDCP is mixed (Figure 3.2).
For LOS, overall exports during the drier years are higher than the NAA, while HOS
exports are roughly the same as NAA. Exports, on average, for both the LOS and
HOS tend to be higher than the NAA in the winter and early spring, and lower during
the summer. This minimal change in exports during dry years stems, in comparison
to wet years, from the constraints on North Delta facility operations. Asis
illustrated below, during dry periods the North Delta facility is used very little,
creating pressure on South Delta facilities.

26



BDCP1672.

In sum, although there are many regulatory and infrastructure constraints, BDCP
does make use of the dual points of diversion to create modest increases in wet year
exports and, depending on which export scenario is evaluated, equal to or greater
exports in drier years. BDCP therefore does not achieve the broader goal of reducing
pressure on the Delta during dry years by shifting exports to wet years.

Drought Performance

In the draft Plan and EIR/EIS, export performance of BDCP is summarized by
presenting averages, typically linked to water year-types based on the Sacramento
40-30-30 index. Averaging fails to fully reflect how the system might be operated,
however, because the complex rules governing operation can create significant
year-to-year variability in exports (although see concerns over model uncertainties
described in Chapter 1). This issue is particularly acute during multi-year droughts,
when carryover storage in reservoirs is greatly reduced and demand increases
significantly. To better illustrate how this system might perform we examined time
series of model outputs during drought periods.

There were two six-year droughts during the 20t Century that fall within the time
period used for hydrologic simulations: water years 1929-34 and 1987-92. We
focused on the 1987-92 period of record for evaluation because it has historical
export data for comparison and facilities that are comparable to today. As shown in
Figure 3.4, overall export timing and magnitude during the six-year drought were
roughly the same for the NAA, LOS and HOS, with LOS performing marginally better
for exports throughout the drought*. The significant exception to this pattern is in
the one year in that sequence, 1989, where modest inflows to the Delta occurred in
the winter. Once bypass flow criteria were met, the flexibility created by the North
Delta facility was able to take advantage of these inflows during a period of high
restrictions on South Delta pumping to protect smelt.

4 Figure 3.4 highlights one of the issues not discussed in BDCP documentation. The environmental baseline for
the BDCP assessment was determined to be the remanded BiOps, with provisions of one of the BiOps (high fall
X2 flows in above normal and wet years) yet to be enacted. By choosing this as a baseline, the plan does not
provide a comparison with how the project was actually operated under historic conditions. This administrative
decision to only compare proposed operations with the remanded BiOps masks the striking differences between
historic export operations and those proposed under BDCP.
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Modeled Diversions at Tracy, Banks, and NDD 1987-1993
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Figure 3.4: Exports for NAA, LOS and HOS under ELT conditions simulated for the
1987-92 drought, with historical exports are plotted for comparison. Important to
note that ELT conditions take into account minor changes in climate and sea level rise
by 2025 and cannot be compared specifically with historic conditions. In addition,
historic conditions reflect human behavior; simulated conditions are guided by
algorithms that do not account for human behavior.

Role of Reservoirs in Drought Management

Reservoir storage and operations play a critical role in drought management in
California and greatly influence the timing and magnitude of Delta exports. The
CALSIM modeling conducted for BDCP manages reservoirs within operational
constraints described above and in detail in Chapter 3 of the Plan. The Plan makes it
clear that the plan area does not include these reservoirs. Existing and future BiOps
will govern their operations, not the terms of the HCP/NCCP permit. Despite this,
the plan does envision significant changes to the operations of Oroville Reservoir
under BDCP.

The 1987-92 simulated operations of the three most important reservoirs—Shasta,
Oroville and Folsom—are shown in Figure 3.5. These simulations have important
biological implications that are covered in later chapters. For water supply
reliability, there are several important observations:

* Asnoted by the BDCP documentation, the NAA puts a great deal of pressure
on upstream reservoirs to meet flow requirements, with Oroville providing
most of the operational flexibility. In comparison to historic operations, the
NAA significantly reduces storage, and thus carryover, in Shasta and
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Oroville, but has limited impact on Folsom, with the exception of the last
two years of drought.

* Under NAA all three reservoirs are at or near dead pool for the last two
years of the drought cycle. Had water-year 1989 been closer in runoff to
the other drought years, dead pool conditions would have occurred for the
last three years of the six-year drought. Although a statement of the obvious,
dead pool limits flexibility in managing water supply and ecosystem needs,
both immediately downstream and in the Delta. This is likely to be of
greatest concern for managing flow and temperature needs of winter- and
spring-run Chinook salmon, particularly under warming climate conditions.
Changes in flow releases to meet the needs of listed salmon are highly likely
to impact export operations during dry periods. BDCP recognizes this as a
concern but does not analyze the likely effects.

* A surprising result of the simulations is that HOS drought operating
procedures are more protective of reservoir storage than either NAA or
LOS. In an extended drought, storage is more aggressively allocated to
either outflow (NAA) or exports (LOS), with both increasing the risk of
creating dead pool conditions. This suggests that HOS operating criteria
designed to protect smelt, may also do a better job of protecting upstream
conditions for salmonids and sturgeon by increasing carryover storage.
This, in turn may inadvertently improve water supply resiliency during
drought.

It is important to note that a time series analysis of one extended drought within a
single simulation record does not give guidance on how the system is likely to
perform in all future droughts. Each drought is different, with different storage
(reservoir and groundwater) conditions at the start, different precipitation and
temperature patterns, and different regulatory or operational responses. To test the
above observations more thoroughly, a range of six-year drought scenarios, should
be simulated and analyzed. Given that most climate models prescribe an increase
in frequency and duration of drought, this anecdotal assessment highlights an issue
that is likely to occur during the life of the project and have significant impacts on
supply as well as ecosystem management.
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Comparison of Reservoir End-of-month Storage

Shasta No Action |(Alt4 HOS J(Alt4 LOS

i January July January July January July January July January July January July January July January
1986 1987 1988 1989 1990 1991 1992 1993 1994

Oroville No Action | Alt4 HOS (Alt4 LOS

Folsom No Action] (A4 LOS |A14 Hos)

Figure 3.5: End of month storage for HOS, LOS and NAA under ELT conditions
simulated for the 1987-92 drought. Historical storage (yellow histogram bars)is
plotted for comparison. During the latter stages of the drought, dead pool conditions
occur on all three reservoirs. Note that ELT conditions take into account minor
changes in climate and sea level rise by 2025 and cannot be compared directly with
historical conditions.

Conclusions

The project described in the Draft BDCP and the accompanying Draft EIR/EIR seeks
to improve water supply reliability for water exported from the Delta while
improving conditions for covered species. An underlying premise for the effort is
that adding a second point of diversion, the North Delta facility, operated in
conjunction with existing South Delta facilities will allow for more flexible export
operations that better support environmental goals and objectives. In concept, this
approach appears reasonable and should provide significant flexibility. In practice,
however, regulatory and infrastructure constraints, coupled with high upstream
consumptive uses of water, severely limits flexibility in operations. These highly
constrained operations limit the effectiveness of BDCP in improving water supply
reliability.

One of the objectives of BDCP that is in line with those of the Delta Plan is to
increase exports during wet periods and decrease them during dry periods when
impacts on the ecosystem are greatest. In comparison to the no project alternative,
the new facility appears to achieve the former to a modest degree, but it does not
significantly reduce pressure on the Delta during drier periods.

The proposed system is particularly vulnerable to extended drought periods (3-6
years). The NAA and LOS lead to dead pool conditions in upstream reservoirs after
3-4 years of drought. This decreases water supply reliability during dry periods and,
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as discussed in later chapters, places at risk species dependent upon reservoir
releases, particularly cold water pool releases. This problem is likely to be
particularly acute as climate changes. The surprising result from the model outputs
is that the high outflow scenario, principally designed to improve conditions for
smelt in the Delta, leads to improved carryover in upstream reservoirs that, in turn,
improves year to year water supply reliability and allows for greater flexibility to
manage reservoir-dependent species.

The hydrologic modeling effort for BDCP is unprecedented and heroic. However,
the tools available for this modeling do not match the information demands. In
addition, the plan documents do not do an adequate job of quantifying model
uncertainties, particularly those caused by exchanges between 1-, 2- and 3-
dimensional models, uncertainties over future conditions, and regulatory behavioral
uncertainties . New tools will be needed going forward.
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Chapter 4: Environmental Flow
Performance: Upstream and Inflows

Introduction

The focus of the BDCP is principally on the legal Delta and adjacent Suisun Bay and
Marsh, where export operations have the most direct impact on covered species. As
discussed in Chapter 3, upstream management, including reservoir operations,
consumptive uses of water, and flood management, play a critical role in inflow
timing and volume. In this chapter, we examine how conservation measures #1
(water operations) and #2 (Yolo Bypass fisheries) meet conservation objectives that
impact listed aquatic species.

The focus of this chapter is on the environmental performance of proposed flow
changes in the Sacramento watershed, including the Sacramento, Feather and
American Rivers, and inflows to the Delta through the Yolo Bypass and the
Sacramento River. Although inflow from the San Joaquin River is important and a
determinant of conditions in the South Delta, BDCP does not envision significant
changes in flows. For this reason, our analysis is focused only on the Sacramento
watershed.

Performance, as used here, is how well actions proposed by BDCP are likely to meet
the goals and objectives of the plan. Although there are many issues discussed in the
Plan for the Sacramento system and covered species, there are three central flow
performance concerns: changes in reservoir release timing and magnitude and its
impact on anadromous fishes; modifications to Fremont Weir and its benefits for
floodplain habitat for outmigrating salmonids; and near- and far-field effects of
North Delta diversion operations.

Impaired Flow in an Impaired System

One of the objectives of BDCP and the Delta Plan—and a concern of many NGOs--is
to produce a flow regime with attributes that better support the life history stages of
covered aquatic and riparian species. This objective is supported by a large body of
national and international literature that has demonstrated how creating more
natural flow regimes in highly regulated systems improves conditions for native
species (see recent summary by Arthington, 2012). This issue has been at the
forefront of controversial efforts by the SWRCB to develop a basin plan that
addresses flows (Fleenor et al., 2010).

A flow regime that mimics natural seasonal variation is also considered by the
scientific community in the Delta to be fundamental to better species management
(Hanak et al., 2013). Restoring appropriate seasonal and intra-annual variability
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involves re-establishing flow timing, magnitude, duration, frequency and rates of
change that drive key ecosystem attributes that, in turn, support native species
(Figure 4.1).

Although restoring elements of the natural flow regime is a worthwhile goal, it
should be made clear that in the Delta and its tributaries there is little that remains
natural (Bay Institute, 1998; Whipple et al., 2012). Added to these physical changes
are profound shifts in biological conditions, including a Delta ecosystem dominated
by non-native plants and animals (Lund et al., 2008; Baxter et al., 2010). For this
reason, restoring a more naturally variable flow regime in an altered Delta and its
watershed, while necessary for improving conditions for covered species, is unlikely
to lead, by itself, to their recovery (Mount et al., 2012).

Sacramento River Flows at Freeport 1993

Winter Flood Pulse A

"

A Sbring Snowmelt Pulse

Summer/Fall Baseflow

Figure 4.1: Unimpaired Sacramento River flow at Freeport for WY 1992-3 based on
DAYFLOW data (DWR). This illustrates the range of natural seasonal variability in
flow. Reproduction or migration of aquatic and riparian species are tied to timing,
magnitude, frequency, duration and rate of change of flows. Flows, particularly
winter and spring flood pulses, are necessary for geomorphic processes that support
various life history stages. Flow regulation and land reclamation have significantly
altered flow regime (see text for discussion).

In this chapter we sought to evaluate BDCP’s potential impact on flow regimes
upstream and into the Delta. It is infeasible—if not inappropriate--to reconstruct
natural flow in the Central Valley given the significant changes in the landscape.
Instead, we use unimpaired flow (DWR 2007) as a proxy for a more naturally
distributed flow regime!. Unimpaired flow is the volume of water that would flow by
a given point if no upstream impoundments or diversions were in place. Estimating

1 we focus here principally on the rivers that feed into the Delta rather than the Delta per se. An assessment of
changes in outflow that occurs in response to changes in operations is contained in Appendix B.

33



BDCP1672.

unimpaired flow is complicated and imprecise, yet is important in setting flow and
water quality targets, particularly by the SWRCB. It involves aggregating
unimpaired and unregulated runoff from multiple basins that flow to the Delta.
Unimpaired flow ignores surface water-groundwater interactions and storage or
conveyance of flow in channels, floodplains and wetlands. For this reason, it is not a
useful proxy for flow regime on daily time steps, but can be used as an imperfect
proxy for annual and monthly flows. We follow that convention in this analysis.

This simplified approach should not be over-interpreted. It is used to assess
whether BDCP meets the overall goal of improving ecological conditions by creating
a more natural seasonally variable flow regime. It does not address all issues of
concern for listed fishes, such as winter- and spring-run Chinook salmon whose
primary limitation is due to loss of upstream spawning and rearing habitat and high
temperatures in existing channel habitat (Williams, 2006, 2009).

Main Rivers of the Sacramento Valley

Multiple biological goals and objectives of BDCP are associated with flow conditions
on the Sacramento River and its two main tributaries, the Feather and American
Rivers. All anadromous fishes covered by BDCP rely directly on these river systems
for spawning, rearing and migration. As noted in Chapter 1, we focus here
principally on winter- and spring-run Chinook since the BiOps that cover their life
history needs have the greatest impact on water operations.

With the exception of proposed changes to the Fremont Weir and the Yolo Bypass
(CM#2), BDCP does not envision making significant investments in improving
physical habitat upstream of the Delta, or addressing other stressors such as
hatcheries, contaminants or harvest procedures (see summary in Williams, 2006,
2009). For this reason, most of the impact of BDCP on the Sacramento River and its
tributaries upstream of the North Delta facilities will be associated with changes in
flow releases from the three major reservoirs: Shasta, Oroville and Folsom.

Simulated average flow conditions affected by changes in reservoir operations
under BDCP are summarized in Figure 4.2A-C, including Sacramento River at Red
Bluff, Feather River below Oroville Reservoir, and American River below Folsom.
These flows, along with all other tributaries, aggregate to form the Freeport flow
(Figure 4.2D) and the Yolo Bypass. These results include NAA, LOS and HOS flow
scenarios and unimpaired flow under the five year-types based on the Sacramento
River wetness index.
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Sacramento River at Red Bluff Above Normal Years
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Figure 4.2A: Sacramento River at Red Bluff.
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Figure 4.2B: Feather River.
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Figure 4.2C: American River.
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American River Above Normal Years
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Figure 4.2D: Flow at Freeport. Figures 4.2A-D. Monthly averages sorted by water year
types for HOS, LOS, NAA and unimpaired flow. Unimpaired flow is based on current
conditions and HOS, LOS and NAA are ELT conditions. See text for discussion. Data

from BDCP CALSIM simulations.
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As noted in Chapter 3, the constraints on reservoir operations are significant due to
temperature and downstream flow requirements, based mostly on the 2009 BiOp.
For this reason, the differences between scenarios are not large. However, a
comparison of the impaired and unimpaired flow data allows for several general
conclusions about the impact of BDCP on key attributes of Sacramento Valley flow
regimes:

Winter Flood Pulse. With the exception of the American River, the winter flood pulse
is significantly reduced over unimpaired conditions in the Sacramento Valley. The
magnitude of this reduction reflects the size and operations of upstream
impoundments relative to the total runoff of the watershed. The most dramatic
impairment of winter flood pulses occurs on the Feather River where the pulse is
virtually eliminated in most years. There are no substantive differences between
LOS, HOS and NAA operations for winter flood pulses. The winter flood pulse is
marginally higher under NAA at Freeport, but this reflects more frequent flows
down the Yolo Bypass.

Spring Snowmelt Pulse. The rise and gradual recession of flow in the spring is, next
to low baseflow conditions in the late summer, the most predictable element of the
Sacramento Valley flow regime and is of high biological significance. As shown in
Figures 4.2A-D, the spring snowmelt pulse is highly impaired due to impoundments
and flow diversions. With the exception of the Feather River, there are no
substantive differences between HOS, LOS and NAA impacts on the spring snowmelt
pulse in the Sacramento Valley. On the Feather, HOS flow operations designed to
improve spring outflow in the Delta, lead to significant improvement in spring
conditions in all but dry and critical year types.

Summer/Fall Baseflow. The timing and magnitude of reservoir releases dominates
the summer/fall flow regime of the basin (Figure 4.2A-D). These releases are to
meet the complex array of temperature and flow requirements downstream of the
dams, irrigation demands upstream of the Delta, inflows to meet export demands,
and outflows to meet water quality and habitat standards. Summer/fall baseflow
flow regimes are highly altered with flows three to five times higher than
unimpaired flows. With the exception of the Feather River, BDCP does not change
summer/fall baseflow conditions. Under HOS and LOS simulations, the summer
flows on the Feather are reduced, creating marginal improvement in flow regime.

Main Rivers Summary. The plan area for BDCP is, by design, limited in scope. The
same applies to its conservation measures. The project Plan documents make it
clear that operations of the CVP and SWP reservoirs are governed by BiOps or FERC
licenses, and not BDCP. In addition, they note limited flexibility in reservoir
operation due to cold water pool management, particularly on Shasta and Folsom
Reservoirs. In this way, the reservoirs are in effect another constraint on BDCP
(Chapter 3), rather than an asset for management.

Yet operations of these reservoirs greatly impact winter- and spring-run Chinook
habitat downstream. As shown above, these operations contribute to the significant
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impairment of flows of the Sacramento River and its major tributaries and are a
challenge when trying to meet the biological objectives of BDCP. Additionally, these
dams block access to holding, spawning and rearing habitat that has far-reaching
effects on winter- and spring-run Chinook salmon populations (Williams, 2006,
2009). These dams also support mitigation hatcheries whose operations may be
contributing to harm of native salmon (Moyle et al., 2011).

[t is unclear to us how to disentangle the relationship between the impacts of
BDCP—a project designed to meet CVP and SWP water supply needs and an array of
associated biological goals and objectives—and operations of SWP and CVP
reservoirs. It seems logical to include these reservoirs in BDCP and operate them,
along with the new facilities, under a single HCP/NCCP. The modest improvement in
Feather River flows not withstanding, the result of this administrative separation is,
in effect, to maintain the status quo for the highly impaired flows of the Sacramento
system.

Yolo Bypass Flows

One of the more prominent conservation measures (CM#2) of BDCP is the
modification of the Fremont Weir to promote increases in the frequency of winter
and early spring inundation of the Yolo Bypass. A well-established and growing
body of evidence, involving monitoring data, field experimentation and, to a lesser
extent, life cycle models indicate high benefit of floodplain habitat to foraging
juvenile salmon (see BDPC documentation for a full summary). This stems from the
use of high value, off-channel habitat by juveniles, who, under optimal bioenergetic
conditions and low predation pressures grow at high rates, increasing their
survivorship through the Delta. Fish that either forage on the Yolo Bypass and/or
use it as a migration corridor will not be impacted by near-field effects of the
proposed North Delta diversion facilities. Fish using the Bypass are also less likely
to enter the interior of the Delta where predation pressures are high. Finally,
juveniles that use the Bypass leave the Delta later in the season, increasing the
likelihood of arriving at the ocean during higher upwelling periods with better food
availability.

Currently flow onto the Yolo Bypass from the Sacramento River only occurs when
the Verona gauge exceeds 55,000 cfs. Modifications to the Fremont Weir would
allow 1,000 cfs to flow onto the floodplain when flow at Verona exceeds 25,000 cfs.
Flow through the Weir would climb to 6000 cfs when the river approaches 55,000
cfs. Above 55,000 cfs flow into the Bypass would be similar to NAA conditions. In
addition to allowing flood flows, the weir would be modified to allow 100 cfs
attraction flows to a fish ladder to improve upstream passage of adult salmon,
steelhead and sturgeon (passage issues not evaluated here).

The average annual flow of the Yolo Bypass is approximately 1.5 maf. Under NAA,
HOS and LOS, this amount would not differ significantly since the majority of flow
volume on the Bypass occurs when the Sacramento overtops Fremont Weir and the
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Sacramento Weir (Figure 4.3). However, the timing, frequency, and duration of
floodplain inundation—key elements of the natural flow regime--would change
substantially with the proposed modification of Fremont Weir.
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Figure 4.3: Average monthly flows for the Yolo Bypass under HOS, LOS and NAA
under ELT conditions for different year types. Note changes in scale.
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Flood Frequency. The frequency of inundation of the Bypass increases significantly
under BDCP. Under current conditions there is a roughly 40% annual probability of
flooding on the Yolo Bypass. Under BDCP this increases to more than 70% annual
probability (BDCP statistics). The largest change occurs in drier years (Figure 4.3).

Flood Duration. Multiple studies have shown that flood duration, which allows for
nutrient cycling and primary production, is essential for supporting juvenile
salmonid foraging (Sommer et al., 2001; Williams, 2006, 2009). Modifications to
Fremont Weir increase flood durations with high habitat benefits. Under current
operations, flood durations aggregate to an average of 25 days per year. This would
not change under NAA in the ELT. Under both HOS and LOS ELT this would increase
more than three-fold to an average of 81 days per year.

Flood Timing. In addition to more frequent, longer-lasting flooding conditions,
modifications to the Fremont Weir would expand the flood season, particularly in
drier years (Figure 4.3). This expansion helps divert early migrants, such as winter-
run Chinook salmon and later migrants, such as spring-run and fall-run Chinook,
onto the floodplain. For example, based on BDCP data, we estimate that days of
flooding above 1000 cfs on the Bypass will more than double in January and triple in
April.

Yolo Bypass performance for listed salmon

Although CM#2 achieves the broader objective of improving the amount and quality
of floodplain habitat, principally by restoring a more natural flow regime, it’s
effectiveness in supporting federally listed species of salmon (the focus of this
review) is somewhat limited. The BDCP consultants modeled the overall benefits of
the Yolo Bypass flows to out-migrating and foraging juveniles. For winter-run
Chinook salmon, the benefits were modest with an estimate 1-8% increase in
escapement. The limited benefit of the Yolo Bypass is, according to the BDCP model
results, due to the small percentage of juveniles likely to be diverted onto the
floodplain. This stems from the fact that most migration begins in December and
January coincident with the first pulse flows of the season and does not coincide
with peak inundation periods of the Bypass.

Greater benefit, albeit still limited, occurs for spring-run Chinook salmon. The bulk
of juvenile out-migration takes place during the optimal months for floodplain
inundation: February through March. However, two factors reduce the effectiveness
of Yolo Bypass for spring-run according to BDCP documents. The majority of spring-
run Chinook salmon come from hatcheries in the Feather River. Juveniles leaving
the Feather are only diverted onto the Yolo Bypass during rare high flow events,
leaving the Sacramento River as their principal migration route to the Delta.
Naturally spawned fish in Butte Creek use the Sutter Bypass as their principal
migration route. Like Feather River fish, they too only move access the Yolo Bypass
during rare high flow events. Naturally spawned spring-run in Battle, Clear, Mill and
Deer Creek pass Fremont Weir on their out-migration paths and will benefit most
from likely access to the Bypass.
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Second, according to BDCP models, most spring-run juveniles reach the Delta, and
presumably the Yolo Bypass, as yearling smolts. In this stage, they are presumed by
BDCP consultants to not take full advantage of the high quality foraging conditions
of the Bypass, but use it principally as a migration corridor. BDCP consultants
estimate that 90% of spring-run Chinook in the Yolo Bypass are migrants, rather
than foraging fish. The BDCP consultants readily note that this proportion reflects
the split between migrants and foraging characteristics in hatchery fish and may not
be indicative of proportions of wild fish. Our consultation with several salmon
biologists suggests that the distinction between foragers and migrants is arbitrary
and likely does not reflect actual behavior of juveniles on the Bypass. In addition,
there is emerging evidence that a high percentage of naturally spawned fish move
out as fry and migrate during high winter flows (pers. comm., P.B. Moyle, 2013).

The BDCP consultants used several approaches to model the effect of the Yolo
Bypass on survivorship. They acknowledge that current modeling tools are not
well-suited to this kind of analysis. They developed a simple bioenergetic model for
floodplain rearing, but told the panel that they felt it did not fully capture the
benefits of the Bypass, and that their estimates of survivorship were conservatively
low. Despite these limitations the BDCP models along with a growing body of
literature suggest that spring-run juveniles as well as winter-run juveniles that
access the Bypass are likely to have significantly higher survival rates to Chipps
[sland and presumably higher adult escapement?.

Yolo Bypass Summary

CM#2 has high potential to benefit a range of covered species. Its benefit for winter-
and spring-run Chinook is muted due to outmigration timing (winter-run) or the
structural difficulty in diverting Feather River and Butte Creek fish (spring-run)
onto the Bypass. Yet even with these concerns, there are likely to be improvements
in survivorship associated with an alternative migration corridor with high value
foraging habitat. There is an adaptive management program being developed for
the Yolo Bypass that will be incorporated into BDCP. This effort would benefit BDCP
objectives by conducting experiments and modeling that test ways to improve
access of listed salmon onto the Bypass. This can include modifications to the
Fremont Weir or pulse flow releases that improve winter-run diversion. Along with
modification of Fremont Weir, this program may also want to consider the potential
for using the Sacramento Weir to divert Feather River and Butte Creek fish.
Regardless, as outlined below, a more aggressive approach to developing an
alternative migration corridor for winter- and spring-run Chinook is likely to be
necessary to mitigate the effects of the new North Delta facility.

2 The focus of this chapter is on spring- and winter-run Chinook. There is very significant benefit to other
covered species, particularly fall-run Chinook and Sacramento splittail that can take advantage of Yolo Bypass
flooding more readily.
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North Delta Facility Impacts and Mitigation

The new point of diversion along the Sacramento River is likely to impact all
covered fish that either use the main channel of the Sacramento for migration or
rearing, or are indirectly affected by downstream changes in flow volume and
timing. These impacts are some of the most difficult to assess due to uncertainties
about design and operation of the facilities (no comparable facility exists to calibrate
models) and the relationship between downstream actions, such as tidal marsh
restoration, and flows. This section assesses BDCP’s evaluation of near-field
(adjacent to the facility) and far-field (downstream from the facility) effects.

Near Field Effects

The preferred project involves the construction of three screened intakes along the
left bank of the Sacramento River in the vicinity of the town of Hood. Each screen
will be capable of withdrawing up to 3000 cfs. In our view, the BDCP consultants
have properly identified the two main sources of near field effects of the facility on
out-migrating salmonids: losses due to impingement on the intake screens and
losses due to predation near the diversion. However, we are uncertain about the
effectiveness of proposed mitigation for these effects.

To mitigate for impingement potential, the consultants propose real-time
management of pumping regimes relative to channel flow in order to maintain
approach and sweeping velocities that reduce contact with intake screens. This
real-time management would be informed by upstream monitoring of outmigrants.
This issue remains a high uncertainty for operations of the facility (“low certainty”
in the parlance of BDCP). Conceptually, a good adaptive management and research
program coupled with real-time management could reduce impacts. However, as of
this writing, the specifics of this program are not provided by BDCP (see discussion
in Chapters 8, 9 this report) and we are unable to evaluate how effective it might be.

A greater near field effect of the facility is the high likelihood of concentration of
predators near the facility, with resulting losses of migrants and foragers due to
predation. Predators take advantage of concentrated prey and velocity refugia at
physical structures throughout the Delta (Vogel, 2008) and will presumably do the
same at the North Delta intake facilities. The BDCP consultants use various
modeling approaches to estimate potential predation losses, including comparison
with estimates of losses at known structures such as diversion screens of the Glenn-
Colusa Irrigation District. Estimated predation losses for juvenile winter run
Chinook that pass the facility vary from as low as 1% to as high as 12% (we did not
find statistics for spring-run Chinook salmon losses). The higher predation loss
values would have significant population-level impacts on winter-run Chinook and
would fail to meet objectives of BDCP. The consultants acknowledge high levels of
uncertainty about predation effects at the facility. The solution, as with most issues
with high uncertainty in BDCP, is to defer this to adaptive management of the
project, including unspecified predator control programs and real time management
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of flows. Based on our experience in the Delta, we consider this to be a significant,
unresolved management issue.

Far Field Effects

The North Delta facility is expected to provide an average of roughly half of the
exports from the Delta. As outlined in Chapter 3, operations of the facility are highly
constrained by flow and water quality regulations, upstream water use, reservoir
operations and hydrology. The simulated operations of the North Delta facility are
summarized in Figure 4.4, including a measure of the proportion of channel flow
that is diverted.

There are significant seasonal and interannual variations in operation of the North
Delta facility that will drive far field effects3. During wet and above average water
years, pumping regimes are most aggressive, particularly during the summer and
early fall when 25% to as much as 39% of channel flow is diverted. Diversions, as a
percentage of channel flow, decline dramatically in below normal, dry and critical
years. In addition, pumping regimes are highly protective of channel flow in
December, reflecting the restrictions on exports to protect initial pulse flows for
winter-run Chinook. As expected, the HOS scenario, designed to improve Delta
outflow, results in the most protective pumping regime for bypass flows at the
North Delta facility.

BDCP documents acknowledge that the reductions in bypass flow create multiple far
field effects that impact listed salmon. These include reduced attraction flows for
migrating adult salmon, increased losses of juvenile salmon migrants and foragers
due to longer transit times to the Delta, and diversion into the interior Delta where
predation and/or entrainment losses are high. These operations also affect total
Delta outflow*.

The BDCP consultants use multiple modeling approaches to address the far field
effects of the North Delta facility. The main model used is the Delta Passage Model
(DPM) that tracks smolt survival through the Delta. This model and others
summarized in Appendix 5C of the Effects Analysis all draw the same conclusion:
there is an increase in losses of winter- and spring-run Chinook salmon migrants
associated with reduced flows in the bypass reach from Hood to Rio Vista. The
magnitude of this impact varies depending upon year type (wetter years have
reduced losses) and magnitude of flow reduction associated with pumping (up to
35% decreases in flows during some migration periods). These results are not
surprising since there is a long-established relationship between transit time and

3 We did not evaluate the effects of size of the facility and its level of use. However, it is worth noting in Figure
4.4 how often average monthly exports approach facility capacity. Using a monthly average greater than 8000
cfs as an indicator of periodic use of full capacity, this only occurs in February and March in wet years and
March of above average years. This is roughly 5% of the total months, suggesting that operational and
regulatory constraints, rather than facility size, determine export volumes.

4 Appendix B presents a summary of Delta outflow and the magnitude of impairment of flows from the
Sacramento Valley. The latter uses a simplified impairment index.
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survivorship for smolts leaving the Sacramento River (Newman, 2003; Perry et al,,
2010).
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Figure 4.4. Average monthly export flows of North Delta diversion facility under HOS
and LOS ELT for different year types, and percentage of total bypass channel flow
exported.

BDCP proposes to mitigate the increase in losses of smolts associated with far-field
effects through six strategies:

* Tiered pumping regimes to reduce withdrawals during the initial winter
flood pulse (described in Chapter 3)
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* Real-time operational changes that reduce export pumping when monitoring
indicates that large numbers of migrants have entered the reach upstream of
the facility

* Flow management that reduces tidal reversals at Georgiana Slough,
decreasing the likelihood of smolts diverting into the interior of the Delta

* Non-physical barriers at Georgiana Slough

* Reductions in entrainment at the South Delta facility due to reduced export
pumping

* Increased diversion of foragers and migrants onto the Yolo Bypass

* Improved channel margin, floodplain and tidal marsh habitat to support
foraging juveniles

The benefits of the last of these strategies—habitat restoration—are not captured in
the survivorship modeling that was completed by BDCP consultants (see chapter 7
for a discussion). In addition, the models do not incorporate real-time operations
adjustments since the scope and terms of these operations have yet to be
determined. The remaining strategies are incorporated into models used to assess
smolt survivorship. Closely examined, BDCP model results indicate that these
measures, in combination, roughly offset the losses created by reductions in flows
and increases in predation in the bypass reach, meeting the standard of mitigation.
There is no indication that these actions would result in substantial improvement in
conditions for listed salmon. This includes the Yolo Bypass, which provides
significant benefits for other covered species.

North Delta Facility Summary

We have not had sufficient time or resources to conduct a detailed review of the
models used to assess survivorship in the bypass reach and the effectiveness of
mitigation efforts. Overall, most of the models used for near and far field impacts are
standard Delta models. Model results seem reasonable and fall within the
boundaries of current understanding. This suggests that they provide an acceptable
first-order approximation useful enough as a basis for further analysis and adaptive
management experiments.

We view the efforts to model the effectiveness of predator management and non-
physical barriers as having high uncertainty. In addition, as noted, there is
insufficient detail on real-time management to assess its likelihood for success. The
flow modeling that was done on the bypass reach makes assumptions about tidal
marsh restoration in the Cache Slough area. This restoration plays an important
role in tidal energy and efforts to manage flow reversals at Georgiana Slough. We
are uncertain about both the impact of this tidal marsh restoration and, if modeled
correctly, whether the assumed restoration would be completed in the ELT. This
same issue applies to the Yolo Bypass. Scheduling contained in BDCP suggests that
the Yolo Bypass project would not be complete until after the North Delta facility.
This lag in completion hampers efforts to mitigate for the project. At minimum,
given the large uncertainties, it seems prudent to have all mitigation efforts in place
and tested prior to initiating operation of the diversion facilities.
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Conclusion

To meet its biological goals and objectives, BDCP has developed 22 conservation
measures. Two of these measures—CM#1, Water Operations, and CM#2, Yolo
Bypass—are intended to create significant improvement in conditions for covered
fishes by creating more natural flow conditions, improving fish passage and, in the
case of the Yolo Bypass, improving floodplain spawning and rearing habitat. We
focused our assessment on how CM#1 and CM#2 performed for winter and spring-
run Chinook in this regard.

In general, we found that CM#1 does not significantly change the highly impaired
flow regime upstream of the Yolo Bypass and Freeport, with the exception of an
increase in spring flows on the Feather River under the HOS flow scenario (nor does
it change outflows much as shown in Appendix B). BDCP proponents have made the
strategic decision to focus principally on the Delta, rather than including CVP and
SWP reservoirs that regulate flow into the Delta. This limits BDCP’s effectiveness in
its conservation measures since it does not address the major risk factors for listed
salmon.

We found the increased frequency of flows into the Yolo Bypass to be an important
step in restoring floodplain habitat. However, timing of outmigration and current
design of CM#2 modifications limit the impact of this effort for listed salmon. The
current adaptive management program underway for the Yolo Bypass needs to
address this issue, including considering changing reservoir operations and
alternative ways to divert fish into the Bypass.

Near field and far field effects of the North Delta facility have the potential to
significantly reduce survivorship if not fully mitigated. Uncertainties over
mitigation are high and will require a robust adaptive management plan. In our
view, the Yolo Bypass program should be viewed as mitigation for the impacts of the
North Delta facility on listed salmon. CM#2, along with all other mitigation efforts,
need to be in place prior to operation of the facility.

46



BDCP1672.

Chapter 5: In-Delta Flow Performance

Introduction

BDCP Conservation Measure #1 (CM#1) aims to restore more natural net flows (i.e. net
seaward) within the Delta by adding a point of diversion upstream of the Delta:

Conservation Measure #1: “Construction and operation of the new north Delta
intakes are designed to substantially reduce the incidence of reverse flow (Section
3.4.1.4.3, Flow Criteria) and restore a predominantly east-west flow pattern in the
San Joaquin River. (Page 3.4-7, emphasis added).

This statement implies two classes of presumed effects that south Delta diversions induce
through altered flows: direct effects whereby reversed flows in the south Delta contribute
to entrainment of fish at the Delta export facilities, and indirect effects whereby changes in
flow in the lower San Joaquin River are believed to alter the survival or migratory success
of fish in the affected channels. Both of these presumed effects refer to net flows, which
are determined by averaging out the substantial tidal flows that reverse direction twice
daily. Although these net flows are small compared to tidal flows in much of the Delta, there
is evidence that they can have substantial effects on some fish species.

In this chapter we evaluate changes in net flows in the Delta associated with changes in
operations and the construction of the new facility. As in Chapters 3 and 4, we evaluate the
differences between HOS and LOS scenarios and compare then to NAA, the no-action
alternative. All of these analyses are in the Early Long-Term (ELT) shortly after the
beginning of operations of the North Delta facility.

Concerns over modeling

As noted in Chapter 1 of this review, we have concerns over the use and over-
interpretation of the modeling data provided to us. In conducting our analysis for this
chapter and the following chapter on impacts of outflows on smelt, we have relied on
output from CALSIM under various scenarios. Our analysis revealed several apparent
anomalies in model output. Although we received clear explanations of the origin of these
anomalies from the BDCP consultants, we remain concerned that the model output is
unrealistic for projecting actual project operations and the resultant flows. In particular,
certain modeled conditions arise through artifact that provide substantial improvements in
conditions for delta smelt. Thus, conclusions drawn on the basis of these models rest on an
unreliable foundation. These concerns are focused on Delta outflow during fall and
southward flow in the southern Delta during winter. These flows have been linked to
habitat and survival of delta smelt.
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October

The USFWS Biological Opinion for delta smelt includes a fall X2 standard that applies
following wet springs. Flows are usually low during this season so small variations in flow
can have substantial effects on the location and area of the low salinity zone, and hence
potentially on habitat conditions for smelt.

For various reasons X2 calculated by CALSIM differs substantially from that determined
from outflow as in Jassby et al. (1995). We therefore focused on outflow as determined by
CALSIM, rather than X2 as provided by BDCP modelers.

For this analysis we sorted flow data into a ranked series from lowest to highest values of
Delta inflow under NAA. In Octobers of most years in the drier half of the series, outflow
under HOS and LOS is up to twice that under NAA (Figure 5.1; median 77% higher for these
41 years). By contrast, during years of high inflow (right-hand half of Figure 5.1), HOS and
NAA outflows roughly track each other, while LOS is much lower because the fall X2
requirement does not apply to that scenario. The anomaly occurring under dry conditions
is not balanced by flows in other fall months. A few anomalies like those found in October
crop up in November, but otherwise in those months either all three outflows track each
other or LOS is lower.

To our knowledge there is no regulatory or operational requirement for reduced outflow
under NAA or increased outflow under HOS or LOS in dry Octobers. Furthermore, there
would be no reason to focus such a requirement in only one month if it were meant to
benefit delta smelt, since they are present in the low-salinity zone from summer through
fall. Outflow in fall can affect delta smelt recruitment so the modeled outflows can result in
considerable differences in predicted recruitment under the three modeled scenarios
(Chapter 6). We do not find these differences compelling because of a lack of a regulatory
or other basis for the high outflows under HOS and LOS in dry Octobers.

January

January has been the month of greatest adult delta smelt entrainment historically, so the
modeled conditions in January can have large impacts on forecasts of adult survival. The
CALSIM modeling included a requirement that OMR flows during January be zero in wet
years, no more negative than -3500 in above-normal and below-normal years, and no more
negative than -5000 in dry and critical years. However, no estimates of current year type
are possible in January, and rather than presume perfect foresight or use information
available up to that point the modelers chose to operate the simulated system for January
using the requirements that applied to the previous year type. Because dry Januaries can
follow wet years, this resulted in an anomalous condition in which requirements for wet
years applied during dry Januaries.
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Figure 5.1. Net Delta outflow in October under the three scenarios sorted by inflow as
determined by CALSIM under NAA; i.e., sequence 1 is the lowest inflow and 82 the highest.
The gray arrow points out the region of interest where outflow under HOS and LOS is as
much as double that under NAA. Outflow is plotted on a log scale to show proportional
differences among scenarios especially at low flows, and because X2 can be modeled as a
function of the log of outflow. The highest two outflows have been cut off to focus the figure
on the lower values.

As a result of this anomaly, the modeled scenarios (LOS and HOS) called for reductions in
export flows in Januaries following wet years, which substantially increased OMR during
many Januaries at the dry end of the historical range for that month (Figure 5.2). This is
unrealistic for several reasons. First, the actual values don’t conform to the model
requirements of 0, -3500 or -5000 cfs, depending on previous year type; instead they are
quite variable and achieve zero rarely. Thus, there is no clear regulatory basis for these
flows.

Second, the reduction in export flows was sometimes accomplished through increased
outflow rather than reduced reservoir releases or increased exports from the North Delta
(Figure 5.2). Thus, many January outflows during dry periods were much greater than the
corresponding flows of the NAA alternative.
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Figure 5.2. January flow conditions compared between the two modeled scenarios (LOS, top;
HOS, bottom) as the differences from the flows under NAA. The colors show the range of
NAA inflow. Under the LOS there were many Januaries when inflow was low but the outflow
and OMR flow were increased by about the same amount over NAA.

Consequences

The anomalies discussed above seem to arise through the application of rules and
constraints designed in some cases for real-time operations, using a model with a monthly
time step. We understand and appreciate the difficulty in modeling such a complex system
and the problems that would arise in attempting to mimic variation on a daily time scale.
Furthermore, we trust that the modeling team has made every effort to produce output
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that conforms to the constraints and the modeled hydrology. Nevertheless, the specific
model outputs we focus on above seem unrealistic, particularly since these anomalies are
largely confined to October and January. We do not think the system is likely to be
operated in real time to achieve the flows shown in model output.

Thus, discussions in this and the next chapter should be accompanied with this caveat:
these apply only if the system were actually to be operated to achieve the flows indicated by
the models. If rules are not in place to ensure these flows are achieved, the benefits to delta
smelt (and presumably other species) will not be realized.

Analysis of flows

Construction of a new export facility will not by itself achieve the goals of restoring more
natural flow patterns in the Delta; the effects of such a facility are entirely dependent upon
its operational rules. We assessed how much the modeled operational scenarios (HOS and
LOS) achieve the goals of restoring net natural flow directions within the Delta. In recent
years, the Biological Opinions for delta smelt and salmonids have directed attention to net
flows in OMR, which are the main channels carrying Sacramento water to the export
facilities in the south Delta. OMR flows show relationships with salvage of some fish
species at the fish facilities and are presumed to reflect entrainment risk to fish in the Delta,
i.e. the direct effects of the projects. In earlier years, focus was on net flows in the lower
San Joaquin River (QWEST) as a more general measure of the impacts of water
management on net flows in the Delta, which were believed to cause indirect effects on fish
populations.

OMR and QWEST flows are two measures for the effectiveness of CM#1 in restoring more
seaward flows in the Delta (see Chapter 6 for an estimate of effects of the modeled flows on
delta smelt entrainment). Here we examine both the changes in seaward flows and the
degree of negative flows as predicted from CALSIM models.

A north Delta diversion will increase the frequency of positive net OMR and QWEST flows
and reduce negative values to the extent that exports from the north Delta reduce exports
from the south Delta. However, BDCP calls for continued use of south Delta diversion
facilities and greatly restricts the operation of the north Delta diversion, particularly in dry
periods and early winter. Thus, restoration of seaward flows in the Delta must be viewed
in the context of the timing and conditions when the north Delta diversion can be used.

We describe how LOS and HOS alter the incidence and degree of reverse flows during the
seasons of sensitivity for the covered fish. For each season of sensitivity, we group results
by quartiles of outflow to assess how changes in flows occur under drier vs. wetter
conditions. Low flows in the winter and spring are when concern over reverse flows is
greatest for most species.

Direct effects

Direct effects are entrainment, or the number of fish diverted into the facilities. This
number is not known for any species because substantial numbers of fish are lost in the
waterways leading to the fish facilities and through the louvers at the fish facilities. Salvage
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is therefore a poor measure of entrainment effects, but there are no other direct measures.
Estimates of entrainment as a proportion of total population of delta smelt are presented in
Chapter 6. Such an analysis has not been developed for any other species of concern.
Therefore, to broaden the analysis to all species we examined changes in modeled flow in
OMR. This measure has been used in both Biological Opinions. OMR flow is both calculated
by models and measured in the field; it is roughly equal to San Joaquin River inflow minus
total exports. Because San Joaquin inflows are less than total exports under all but flood
conditions, OMR flows are usually negative. We assume OMR is the primary focus of CM
#1’s goal to “reduce the incidence of reverse flow”. To broaden the question we also assess
the degree to which flows are made less negative by the alternatives.

Incidence of reverse flow

Because ‘incidence’ is a measure of frequency, the “Incidence of reverse flows” is the
frequency with which OMR is changed from negative under NAA to zero or positive
(northward) under the proposed alternatives; because model output is available by month,
we examined frequency on a monthly basis (Table 1). The distribution across months of
the change in net OMR direction implies that effects on each species will depend on its
season of sensitivity.

The results below are consistent with the goal of CM#1 of achieving a greater frequency of
positive net flows in Delta channels by shifting exports to the north Delta diversion site.
This is true more for HOS than LOS operations.

LOS effects. The LOS reduced the incidence of negative flows by 5% overall (50 months out
of the 984 months modeled; Table 1). Under NAA 110 months had positive (northward)
OMR flows while 160 months had positive flows under LOS. Positive or zero OMR flows
under LOS coincided with negative flows under NAA in all months save August, but most
frequently in January - March. There were 21 months when OMR flows were positive
under NAA but negative under LOS in April and May (Table 1).

The shift to positive OMR flows under LOS was sometimes quite large (about 6000 cfs) and
occurred almost solely under higher river inflows during December through June. The
occasions when NAA alone produced positive OMR flow occurred only in April and May and
the change in OMR flows between NAA and LOS were small (<1000 cfs).

HOS effects. The HOS had a more substantial effect on the incidence of negative flows than
LOS (Table 1). There were only 13 instances when positive OMR flows under NAA were
negative under the HOS, and the differences were very small in those cases. As with LOS,
the changed OMR status happened in all months save August. The most noticeable
difference between HOS and the other two alternatives was in September and November
when HOS was northward about a third of the time while NAA was always southward and
LOS northward only a few times. The low frequency of northward flows under HOS in
October may be related to the anomalies in outflow identified above, but the reasons for
the otherwise high frequency of positive OMR flows in fall under HOS are obscure, as they
are not called for by regulations and no fishes of concern are vulnerable to export
entrainment at that time.
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Table 1. Frequency by month of northward (including a few zero flows) or southward flows
under NAA vs. LOS, and NAA vs. HOS. Columns in italics indicate those years and months
when the direction of flow differed between NAA and the selected scenario. For example, in
April there were 47 years when NAA flow was northward, in 5 of which LOS was southward,
and 35 years when both flows were southward, out of a total of 82 years.

NAA North NAASouth |5y  INAANorth  NAA South "
Month LosS LoS LoS Los [0S |Hos Hos Hos Hos  HOS
North South  North South [NOrth INorth South North  South  North
Oct 0 0 1 81 1 0 0 8 74 8
Nov 0 0 2 80 2 0 0 25 57 25
Dec 3 0 1 78 4 3 0 0 79 3
Jan 4 0 11 67 15 14 0 12 66 16
Feb 8 0 18 56 26 |8 0 19 55 27
Mar 6 0 25 51 31 6 0 36 40 42
Apr 42 5 0 35 42 44 3 5 30 49
May 25 16 0 41 25 |31 10 6 35 37
Jun 1 0 9 72 10 N 0 9 72 10
Jul 0 1 81 1 0 1 81 1
Aug 0 0 0 82 0 0 0 0 82 0
Sep 0 0 3 79 3 0 0 38 44 38
All months [89 21 71 803 160 |97 13 159 715 256

Magnitude of negative OMR flows

Entrainment rates are a function of population distribution and abundance, season of
occurrence in the Delta, and flow conditions including export rates (or OMR conditions).
The months of vulnerability for each species of concern were taken from the BDCP
documents. For adultlongfin and delta smelt the season of vulnerability is from December
through March. For juvenile delta smelt the season is from March through June.

The effects of overall flow conditions, i.e. how relatively wet or dry it is, were assessed by
grouping the months of vulnerability for all 82 modeled years into quartiles of outflow in
the NAA; e.g., for adult delta smelt which are considered vulnerable during December-
March, there were 82 months in each quartile of outflow. We examined conditions of OMR,
river inflow and outflow under several operational scenarios. We examined differences
under four levels of wetness for each month using outflow in the month as a measure of
wetness. Historically fish are more often salvaged under drier conditions than under.

In Figure 5.3 we present comparisons of the HOS and LOS scenarios for each quartile of
outflow (under the NAA scenario to ensure comparison of the same years in each graph).
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Under the HOS and LOS alternatives, OMR differs from NAA during the seasons of
sensitivity for adult delta smelt (Dec-Mar) and juvenile delta smelt (April-June).

Three patterns can be seen:

1.

In the season of vulnerability for adult smelt (December - March), HOS and LOS
both show about a 1000-5000 cfs increase toward positive in OMR under all
quartiles of outflow, but all OMR values are strongly negative except in the wettest
quartile of the data. Exports in December and January can be high and the use of a
north Delta diversion can improve OMR (but see “Concerns over modeling” above).
For juvenile smelt, the increase in OMR flow under LOS and HOS is smaller and less
consistent. In all cases the level of OMR flow is much less negative than in December
- March.

The HOS and LOS alternatives differ only slightly except during the drier periods
when OMR flow is slightly less negative under HOS than under LOS.

Under wetter conditions all alternatives produce median OMR flows in the range
targeted as protective in the Biological Opinions (more positive than -5000, but see
Modeled Impacts on Delta Smelt in Chapter 6). The use of NDD under high-flow
conditions allows the HOS and LOS to avoid the extreme negative OMR values that
occur under NAA because of the high south Delta export rates that are possible then.

Thus, in summary, model results suggest that reverse flows in the south Delta become
more positive under both LOS and HOS for all quartiles of outflow. These changes can be
seen both in the frequency and in the distribution of flows in the two seasons of
vulnerability and the four quartiles of NAA outflow. In wetter months the north Delta
diversion does not fully replace south Delta exports until river inflows are relatively high,
so that OMR remains negative in most months of smelt vulnerability. Changes in OMR
during the period of vulnerability of young delta smelt are smaller than those during
December - March because all alternatives are constrained by the Biological Opinions to a
much higher baseline OMR flow.
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Figure 5.3. Values of OMR under the three alternatives for BDCP shown for quartiles of
outflow under the No-Action Alternative. Boxes show first and third quartiles with the
median as a white bar. The whiskers encompass points within 1.5 times the interquartile
range, and the short lines are outliers. Top, period when adult longfin and delta smelt are
vulnerable (Dec-March). Bottom, period when juvenile delta smelt are vulnerable (March-
June).

Indirect effects

Net or tidally-averaged flow on the lower San Joaquin River at Jersey Point is
parameterized as QWEST. This flow can be negative (i.e., eastward), which is considered
an indicator of flow conditions unfavorable to fish. Negative QWEST could alter the speed
or path of fish migrating through the Delta, thereby prolonging their migrations or making
them susceptible to adverse conditions in the Delta. No field estimates of indirect effects
have been made and they are conceptually difficult because the biological effects are
difficult to define and because the net flows in the lower San Joaquin River are small
compared to tidal flows. Nevertheless, regulatory agencies, particularly the CDFW and the
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NMFS, have long expressed concern that negative values of QWEST due to project
operations present fish with impediments to their effective migration.

The “east-west flow pattern in the San Joaquin River” referred to in the justification for
CM#1 is apparently QWEST. QWEST is calculated in the Dayflow water balance program
(http://www.water.ca.gov/dayflow/) as:

QSJR + QCSMR + QMOKE + QMISC + QXGEO - QEXPORTS - QMISDV - 0.65 (QGCD - QPREC),

i.e., the sum of inflows from San Joaquin River, eastside streams, and the Sacramento River
via the Cross-Delta Channel and Georgiana Slough, minus south Delta exports,
miscellaneous diversions in the Delta, and a fraction of the difference between
precipitation and consumptive use within the Delta. However, for CALSIM modeling Delta
consumptive use (QGCD), Delta precipitation (QPREC), and Delta miscellaneous diversions
(QMISDV) are unavailable so the above equation simplifies to:

QWEST = QSJR + QMOKE + QCSMR + QXGEO - QEXPORTS.

QXGEO increases with Sacramento River flow and also depends on DCC gate operations.
Specifically, QXGEO changes as 13.3% of Sacramento River flow with both DCC gates closed
and 29.3% with both gates open (Dayflow documentation cited above). Sacramento River
flow into the Delta will decrease by the amount diverted in the north Delta. Thus, among
the flows controlled under BDCP, QWEST decreases by 100% of south Delta export flows
and 13.3% or 29.3% of north Delta diversion flows depending on DCC gate positions.

There are many covered species of fish that migrate through or reside in the central Delta
(Table 5.2). Atleast one of these species is present in the Delta during every month but
August. Conditions in the central Delta are important for migratory species that spawn in
the San Joaquin or Mokelumne Rivers because the entire population must pass through the
central Delta. By contrast, only a fraction (unknown) of Sacramento fish enter the central
Delta during migration. To cover the species that would be most affected by changes in
flows in the San Joaquin River, we limit discussion to outmigrating salmonid juveniles
(February - April) and upmigrating San Joaquin salmon (September - November).

Juvenile salmon

The occasional high springtime flow requirements of HOS (to benefit longfin smelt)
coincide with the smolt emigration season (February - April). In drier conditions (the drier
two quartiles) there is very little difference between NAA and LOS (Figure 5.4). The
occasional occurrence of high flow requirements in HOS produce some differences between
LOS and HOS scenarios, but mostly in the second quartile when the high flows are more
likely to be triggered than in the driest quartile. All project scenarios diverge from the NAA
under the wetter scenarios as more water is diverted from the north Delta and substitutes
for high south Delta exports (Figure 5.4). The several thousand cfs differences in wetter
months are occurring against baseline flows in the realm of 20000 cfs and greater, whereas
the changes in flows in drier conditions are very small because limited North Delta
diversion operations at low flows do not affect broad indices of Delta flow such as QWEST.
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Table 5.2. Species of fish covered by BDCP that occur within the Central Delta for specific life
history stages and the season of sensitivity to changes in flow conditions due to project
operations (from various sources).

Species and Life History Stage within the Delta Timing

Sacramento and San Joaquin steelhead juveniles February - April
Winter-run Chinook salmon juveniles November - April
Spring-run Chinook salmon juveniles March-May
Green sturgeon November-December
Delta smelt adults December-March
Delta smelt juveniles April-June
Longfin smelt adults December-February
Longfin juveniles February-March
Upmigrating San Joaquin steelhead September-April
Upmigrating spring-run Chinook salmon March-August
Upmigrating winter-run Chinook salmon January-May
Upmigrating fall-run salmon Chinook salmon September-November
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Figure 5.4. Feb-April QWEST flow for NAA and 3 alternative operational scenarios, grouped
by quartiles of outflow. Two outliers for each scenario in Quartile 4, with values of 52,000 -
98,000 cfs, were cut off to allow better resolution of the lower values.

Adult San Joaquin fall-run salmon

Upmigrating salmon adults to the San Joaquin River pass through the south Delta and the
lower San Joaquin River during September - November. In the fall there is very little
difference among the alternatives that is not dwarfed by occasional high inflows due to
flood releases or early winter storms (Figure 5.5). However, all alternatives show a general
increase in QWEST compared to values for NAA because the use of the North Delta
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Diversion is much less restricted and can more often substitute for south Delta diversions
that are often operating at maximum flow under NAA.

In summary, project scenarios have small effects on QWEST in any season; changes in
QWEST are smaller than those in OMR because use of the North Delta diversion does not
translate into direct increases in flow, as it can for OMR. This is true for both the spring and
fall. The high flows in HOS produce increases in QWEST in months around median wetness.
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Figure 5.5. QWEST flows for the September-November season grouped by quartile of outflow.
One outlier for each scenario in Quartile 4, with values of 22,000 - 30,000 cfs, was cut off to
allow better resolution of the lower values.

Conclusion

The analysis presented here demonstrates broad improvement in in-Delta conditions
under BDCP, as measured by changes in OMR and QWEST. However, we reiterate our
concerns over the likelihood that Delta flows would actually be managed in the manner
prescribed by the modeling. Changes in the frequency of reverse flows and their magnitude
were somewhat obscured by the high variability among years, even those with similar
hydrology. Some of this variability is a consequence of carry-over storage and the specifics
of operational rules that may be triggered by conditions in one year but not another even if
hydrology is similar. In the context of this variability, the improvements in flow conditions
during periods of vulnerability of the smelt and salmon species were modest.

In analyzing model results of the operational scenarios we were surprised to see benefits
occurring under dry conditions. The restrictions on North Delta diversions limit its
operations to times of substantial river flows, so its ability to substitute for south Delta
diversions should be limited to times of high flow. In fact, over a broad range of
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intermediate flows, the north Delta diversion augmented south Delta exports, rather than
substituting for them. Thus, improvements to in-Delta flow conditions happened mostly in
the highest quartile of Delta outflow under NAA. The differences between flows under the
LOS and HOS were generally rather small.
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Chapter 6: Estimated Effects of BDCP Flows
on Smelt

Introduction

This chapter takes the model projections for three scenarios discussed in Chapter 5 (NAA,
HOS, and LOS) and uses various simple statistical models to estimate the potential effects of
these flows on delta and longfin smelt. The principal flows of interest are:

*  Winter and spring flows in Old and Middle Rivers, which affect adult and larval to
juvenile delta smelt, respectively

* Fall outflow, which may influence extent of habitat and therefore subsequent
recruitment of delta smelt

* Spring outflow, which has a statistical relationship with subsequent abundance of
young-of-the-year longfin smelt

We did not consider export effects on longfin smelt, for which there is no available
statistical model and therefore no method to estimate losses without additional analysis
beyond the scope of this review.

In making the calculations presented here we were constrained to use the CALSIM model
output for the various flows by month and year. The concerns expressed in Chapter 5
apply here: we do not believe that the system will actually be operated to obtain monthly
patterns of flow like those in the CALSIM output. This is particularly true in January and
October, when wild swings in flows from one year to the next indicate a situation that
would be very unlikely in the real system.

Direct Losses of Delta Smelt

Flows in Old and Middle River are related to salvage of delta smelt and other fish at the
south Delta fish facilities. Annual salvage in turn is generally assumed to be a small fraction
of entrainment losses, particularly for young (small) fish, because of various other losses
attributed to export pumping, including predation in the waterways leading to the facilities
and inefficient capture of delta smelt by the facilities.

Here we present estimates of export entrainment losses as a fraction of the population of
delta smelt during the adult stage and the larval to early juvenile stage, only a small fraction
of which is salvaged (Kimmerer 2008). The calculations were based on results of
Kimmerer (2008) as amended for adult delta smelt by Kimmerer (2011). The general
procedure was to determine a relationship for each of these two life stages between
survival and flow variables that were available from CALSIM. Flows used were Old and
Middle River flow (OMR) for adults, and net inflow (i.e., inflow less north Delta diversion
flow, NDD) and export flow in the south Delta for larvae and juveniles combined.

We modeled the entire period of CALSIM analysis (WY 1922-2003) for the BDCP scenarios,
and the historical period (1955-2003) for comparison. We calculated losses as described in
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Appendix C for the BDCP scenarios for both time periods, and for the historical period
using Dayflow variables and OMR flows from USGS monitoring.

The principal assumptions were:

* The relationships used to calculate survival or recruitment accurately reflected the
corresponding population parameters; that is, the confidence intervals of the
predictions were assumed to include the true values of the population parameters
with 95% probability. Note that these analyses (Kimmerer 2008, 2011) have not
been repeated by any analysts, although Miller (2011) provided a detailed critique.
This is rather worrisome, because both the BiOP and several published modeling
studies rely on the accuracy of those analyses (Maunder and Deriso 2011, Rose et al.
2013a, b).

* Changes due to BDCP actions were cumulative such that each factor could be
examined in isolation from the others, and its effect considered separately from the
others.

* The only changes considered were those due to the entrainment effects of flow.
Long-term changes in sea level, tidal prism, temperature, salinity, and physical
configuration of the Delta were neglected, despite their likely influence on the
exposure of the smelt population to export entrainment. Exceptions to this were the
influences of these factors on flows modeled by CALSIM.

* The flow time-series produced by CALSIM accurately reflected the influence of the
various changes (but note concerns expressed above and in previous chapters).

* The broad spatial distributions of delta smelt will not differ substantially from
those existing when the above analyses were made. This may not be true if the
fraction of the population in the north Delta is higher now and in the future than
when the analyses were made (Miller 2011, Kimmerer 2011).

Losses of adult delta smelt were calculated as a linear function of OMR flows. Annual
percent loss under each of the three scenarios was similar for the historical and modeled
time periods (Figure 6.1). The estimated proportion of adults lost to entrainment was
slightly lower for the NAA than for the historical period, reflecting overall lower export
flows presumably because some operating rules were not in force during the historical
period. The High- and Low-Outflow scenarios (HOS and LOS) both had proportional losses
that were ~ half of those under the NAA, or a net change in loss of about 3% /year.

Losses of larval + juvenile smelt were modeled as a function of exports from the south Delta
and inflow to the Delta less diversions from the North Delta facility. The patterns for young
smelt were somewhat similar to those for adults but with larger differences among
scenarios. The NAA had substantially lower losses than the historical condition over the
historical period (Figure 6.2). Flows projected for both the HOS and LOS resulted in much
lower losses than for the NAA, with losses under the HOS reduced to ~2%/year on average.
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Figure 6.1. Annual percentage of adult delta smelt lost to export pumping for three
scenarios and the historical time series. Symbols give means (see text) and error bars give
the 95% confidence limit calculated as quantiles of the 1000 simulated samples of the
respective distributions. Top panel, percent annual loss for 1922-2003 (filled symbols) and
for 1980-2003 (open symbols) including the historical data. Bottom panel, differences
between pairs of model scenarios.

We combined results for adults and larvae + juveniles within each calendar year by first
calculating the proportion of the population that would remain after 20 years at the mean
values in Figures 6.1 and 6.2, then multiplying the proportions remaining to get the
influence of these scenarios over both life stages. This is effectively a long-term survival
percentage. These are not predictions, and are useful only for examining differences
among scenarios. The resulting percentages were 38% for the HOS, 23% for the LOS, and
2% for the NAA (Table 6.1). In other words, the two scenarios with a north Delta diversion
resulted in 19- and 11-fold increases in survival over a 20-year period.
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These numbers are highly uncertain, since the value for NAA is so small and variable (Table
6.1). There are indications that losses have been overestimated, especially given the
potentially large subpopulation of young delta smelt that may be resident in the Cache
Slough complex, where they are immune from effects of export pumping in the south Delta
(Miller 2011). Using the upper confidence limits of the projected population size at the end
of 20 years (i.e., the lower 95% confidence limits of the loss estimates) the ratios of
population remaining after 20 years would have been 14 for HOS and 9 for LOS. These
confidence limits do not account for any upward bias in loss estimates, and the loss

estimates can and should be refined to reflect current understanding.

Nevertheless, the results of this analysis show a substantial improvement in long-term
survival of delta smelt under HOS and to a lesser extent LOS, provided the water projects are
operated in ways that result in flows similar to those in the simulation. Taken at face value
the mean difference in losses between NAA and either of the other scenarios would have

roughly sufficed to reverse the decline in delta smelt during the early 2000s.
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Table 6.1. Percent of delta smelt population remaining for each of three BDCP scenarios
after 20 years of losses at the rates estimated and shown in Figures 1 and 2. Values given
with 95% confidence intervals.

Adults Juveniles Combined
NAA 31+22 6+4 2+2
HOS 62 + 25 62 +15 38+19
LOS 59 + 25 39 +15 23+13

Outflow Effects

Two time periods are considered for effects of changed outflow: fall for delta smelt and
spring for longfin smelt. These effects are typically cast in terms of X2. For this analysis we
calculated X2 from outflow as determined by CALSIM, using the monthly relationship in
Jassby et al. (1995), as has been done for all previous analyses of relationships of X2 to
abundance indices or habitat of fish (e.g., Feyrer et al. 2007, Kimmerer et al. 2009). CALSIM
also produces X2 but it is for the previous month and is somewhat different from that used
previously, particularly since it is said to account for sea-level rise and the effects of
additional tidal prism due to marsh restoration. Since we were focused on the early long-
term (ELT), we elected for now to neglect these considerations and use an X2 value that
reflected the anticipated outflows in the same way as in the analyses of X2 effects on fish.

Fall X2 Effects on Delta Smelt

The USFWS Biological Opinion (BiOP) for delta smelt proposes to use X2 in the September-
December period as a management tool. The principal basis for this action is the analyses
of fall habitat indices (Feyrer et al. 2007, 2011) and an unpublished analysis relating the
Summer Townet index to the previous fall Midwater Trawl index and X2:

INS,, ~a+bMWT, +cX2 +¢, (6.1)

where TNS is the summer townet index, MWT the fall midwater trawl index, y is year, € is
error, a, b, and c are fitted parameters, and the time frame was restricted to after 1987 to
account for the changes in the foodweb resulting from the introduction of the clam
Potamocorbula amurensis (See Chapter 7 regarding food limitation of delta smelt).

This model assumes that the main effect of fall X2 on delta smelt is through a combination
of survival and growth and therefore population reproduction in the following spring,
resulting in effects on abundance in the following summer. Equation 6.1 is somewhat
illogical in modeling TNS as an additive function of MWT and X2, and it is also strongly
influenced by the data point from 1998, the wettest fall among those included in the
analysis. Removing that point weakens that relationship somewhat, although it remains
strong. Nevertheless, we fitted an alternative model:

log(TNS,,)) ~a+blog(MWT,)+cX2 +¢, (6.2)

which is more in keeping with the form of the other X2 models (Jassby et al. 1995). This
model was fitted to all the data since 1987 using a robust regression method to allow for
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some over-dispersion in the residuals (function rim, Venables and Ripley 2003). The
regression coefficients were a=2.7, b= 0.62 + 0.22, and c= 0.061 * 0.55, R?=0.68, and
diagnostic plots revealed that this model was appropriate for the data (Figure 6.3). In
particular 1998, and unusually wet year, did not have a strong influence on this
relationship.

We extrapolated from this model to the BDCP scenarios using the CALSIM-modeled
outflows. The target was the summer townet index, which we examined as a ratio to that
predicted under NAA. In contrast to earlier analyses, we did not attempt to relate this to
long-term population growth.
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Figure 6.3. Fitted and measured summer townet index (TNS) with a 1:1 line. Values were
fitted using Equation 6.2.

The modeled monthly outflow values were converted to X2 according to the monthly
equation in Jassby et al. (1995), with the initial value (October 1921) set to the equilibrium
X2 for the modeled flow. This was combined with historical monthly mean X2 values and
all were averaged over September-December. Equation 6.2 was then used to predict the
summer townet index from the mean fall midwater trawl index from 1988 to 2011 and X2
for the three scenarios.

Results showed HOS to have, on average, a slightly higher summer townet index than under
NAA (Figure 6.4). The ratio of townet indices determined under HOS to that under NAA
was 1.02, i.e., a 2% greater index under HOS, with 10t and 90t percentiles of 0.89 and 1.10
respectively. About a third of the values had lower confidence limits below zero, indicating
low confidence that a real increase would be achieved under these conditions.

By contrast, the predicted ratio of townet index for LOS:NAA was about the same as that for
HOS:NAA about half of the time, and the other half of the time it was much lower, with large
confidence intervals related to the uncertainty in the prediction from the model. The
calculated ratio had a median of 0.98 with 10t and 90t percentiles of 0.60 and 1.10. This
peculiar pattern arose from the patterns of outflow in the CALSIM output (see Chapter 5).
We have very low confidence that these patterns reflect how the system would really be
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operated, and therefore suggest these results be considered as conditional on proposed
operational rules.
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Figure 6.4. Ratios of predicted TNS index by year from HOS (top) and LOS (bottom) to those
from NAA.

Spring Outflow/X2 Effects on Longfin Smelt

Longfin smelt has the strongest relationship of abundance index to X2 of any fish (Jassby et
al. 1995). The index for a given level of X2 has declined, but the response to flow has not
changed. We updated the latest published version of this relationship (Kimmerer et al.
2009) by adding two step changes in time: one in 1987-1988 corresponding to the spread
of the clam Potamocorbula amurensis, and the other in 2003-2004, the POD decline
(Thomson et al. 2010). The statistical model used was

log, (LFS,)=a,+bX2 +¢, 6.3

Where LFS is the annual index of longfin smelt abundance from the fall midwater trawl
survey, y is year, X2 is monthly values averaged over either January-June (as in Jassby et al.
1995) or March-May, and ¢ is error. Fitting parameters are a, which takes one of three
values by year group, and b, the slope of the X2 relationship.

The resulting relationship (Figure 6.5) shows both the effect of X2 and the two step-
changes in abundance index. Diagnostic statistics showed that the model was appropriate.
Since we were interested in the difference between the two alternative flow scenarios and
NAA, the only parameter that concerned us here was b, which had a value of -0.054 + 0.005
km-1, essentially identical to previously published values. Averaging X2 over March-May
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gave a slope 0of -0.049 * 0.005 km-1, and the fit was slightly inferior to that of the January-
June model.
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Figure 6.5. Abundance index of longfin smelt vs. X2 averaged over January-June, with step
changes between 1987 and 1988 and between 2002 and 2003. Colors of points and lines
indicate the time period.

The months selected in the original analysis were based on the assumption that the
(unknown) X2 mechanism operated during early life history of longfin smelt, which smelt
experts linked to this period. Autocorrelation in the X2 values through months means that
statistical analysis provides little guidance for improving the selection of months. A better
understanding of the mechanism(s) underlying the relationship would probably allow this
period to be narrowed and focused, but for now there is little basis for selecting a narrower
period for averaging X2.

The predictions from the above model were then applied to the X2 values calculated from
the CALSIM projections of outflow for the 82-year period. We did not attempt to propagate
prediction error because it is small compared to variability in outflow. Applying the
January-June value for the three selected scenarios resulted in scant differences in
predicted abundance indices (Figure 6.6). The median logio ratio of indices for HOS:NAA
was 1.00 (mean 1.05) with 10t and 90t percentiles of 0.91 and 1.27. Corresponding
values for LOS:NAA were median 0.92 (mean 0.92) and percentiles of 0.83 and 1.00.

Thus, changes in outflow resulting from the CALSIM projections of spring outflow were
small, particularly on the scale of the high variability with X2. HOS provided a minuscule
increase in the mean but the median did not change from NAA, indicating that half of the
years had higher, and half lower, values under HOS than under NAA. LOS gave values that
were ~8% lower than those under NAA.

Although it would be desirable to link such calculations to a population-dynamics model,
no such model is available; furthermore, previous analyses have shown that abundance of
longfin smelt is highly predictable from X2 and, more recently, groups of years as done
above. This does not mean that stock-recruit relationships are unimportant; an alternative
analysis models a recruitment index, the log of the ratio of MWT to the MWT value 2 years
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earlier, as a function of X2 (Nobriga and Rosenfield, in prep.). However, it is unlikely this
analysis would indicate a stronger effect of X2 on longfin smelt under BDCP.
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Figure 6.6. Predicted abundance from the model in Figure 6.3 for the three BDCP scenarios.
The intercept for the third time period (2003-2012) was used to calculate these indices.

Conclusions

The modeled flow changes under BDCP have mixed effects on the two smelt species. For
delta smelt, changes in flow in the south Delta had a marked effect on survival of both adult
and young smelt, such that gains of several percent a year would be forecasted for the
difference between the NAA and the two with-project alternatives. Effects of outflow on
delta smelt were small for HOS compared with NAA, while projections under LOS showed
about half the time a marked reduction in predicted summer abundance index compared to
NAA. Effects of spring outflow on longfin smelt were not very large.

The results for delta smelt were somewhat surprising, since food supply is clearly an
important limitation (Chapter 7) and more likely implicated in the decline than export
losses. We nevertheless stand by these results subject to the following contingencies:

* The water projects will be operated to achieve similar flow patterns as in the
CALSIM output we used in our analysis.

* Future re-analyses of the influence of export pumping on delta smelt are used to
refine these estimates.

* Effects of increasing temperature, introductions of quagga or zebra mussels or other
high-impact species, changing flow-X2 relationship, rising sea level, and
catastrophic inundation of Delta islands do not materially alter the trajectory of
delta smelt.

The last point is presented almost facetiously - things will change, in some ways we can
predict and other ways we cannot. The BDCP takes account of some of these changes but
others are just as likely over the time frame of the project and should be accounted for
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(Chapter 8). Nevertheless, at present we lack the capability to include these factors in a
more thorough analysis, but believe it should be done.

Longfin smelt, by contrast, are unlikely to be much affected by BDCP. The anticipated
changes in outflow are rather minor, and the flows needed for substantial changes in
longfin smelt abundance are likely too great to be practically achieved.
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Chapter 7: Likely Response of Listed Fishes
to Physical Habitat Restoration

Introduction

This Chapter focuses on the proposed restoration of physical habitat in the Delta and
Suisun Marsh. Because of time constraints we have focused on the potential benefits of
floodplain and marsh restoration to delta and longfin smelt. These benefits are postulated
to occur through expanded physical habitat for the fish, or through export of food from the
restored areas to smelt habitat.

Summary of Assessment

The BDCP proposes to restore 55,000 acres of subtidal to intertidal habitat' of which
20,600 acres is to be allocated among various Restoration Opportunity Areas (ROAs) in the
Delta and Suisun Marsh and the remainder to be allocated later. If completed this
restoration will substantially increase the inundated portion of the Plan Area; for example
if all 7000 acres assigned to Suisun Marsh were restored it would roughly triple the area
exposed to tidal action.

The ROA’s include Suisun Marsh, Cache Slough, and the eastern, southern, and western
Delta. The documentation is unclear on the depth profiles of these areas and for
calculations below we have assumed that about half of each will be intertidal and the
remainder subtidal with a mean depth of 2 meters. The document lists the aquatic and
terrestrial species expected to benefit from these actions, but here we focus only on their
likely effects on the two smelt species.

Our results to date lead to the following preliminary conclusions:

* Delta and longfin smelt are usually food-limited, meaning that population levels
would rise if there were more zooplankton in their rearing areas. This limitation is
probably stronger in spring-fall than in winter.

* The BDCP is overly optimistic about the likely benefits of tidal marsh restoration to
the smelt species, particularly the extent of food production.

* Areview of the literature suggests that tidal marshes may either import or export
phytoplankton and zooplankton.

* Under highly favorable assumptions about production and export of plankton,
restored tidal marshes could make at most a modest contribution to extant plankton
production.

1 o m . s . . . . .

“Habitat” means the location and conditions in which a population of a species lives; here we follow the BDCP
document in using the term to mean a physical space. We likewise use “restore” to mean to prepare that space for the
potential occupation of one or more species, irrespective of the previous condition of the space.
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* The subpopulation of delta smelt that inhabit the Cache Slough complex through
summer may benefit from additional physical space in that area. The same could be
true in Suisun Marsh although current use by smelts is low.

* The high level of uncertainty about outcomes points to the use of moderate- to
large-scale experimental restoration projects to determine whether the proposed
restoration will achieve the food-production goals and, if so, how to design them
optimally.

Marsh Restoration

Review of conceptual basis

The BDCP anticipates many benefits to delta and longfin smelt. Although the
documentation is unclear on the expected magnitudes of these benefits, it is uniformly
optimistic that they will contribute substantially to recovery of the species. Here we focus
on two potential benefits to the smelts from the restoration of tidal habitats. First, the
restored habitats are expected to provide a food supply that will enhance the food supply
available to the smelts. Second, the restored habitats are expected to provide additional
physical space, resulting in an increase in smelt abundance. Neither of these proposed
benefits is well developed in the documentation, and the literature cited seems to have
been selected to support the claims made. The BDCP documentation furthermore contains
factual errors and misinterpretations that cast doubt upon the projections that are made,
however qualitative. We therefore conducted a reasonably thorough analysis of these
specific claims, within the constraints of time available.

The first outcome requires two conditions: 1) that the smelt populations are currently
food-limited, meaning that an increase in concentration of food organisms would result in a
higher abundance of smelt; and 2) that the restored marshes will produce and export
enough food organisms to make a difference to the population status of the smelts.

BDCP Appendix 5E uses “prod-acres” to index the expected productivity of phytoplankton
in the restored areas. However, this index is conceptually flawed in two ways. First, it uses
an estimate of growth rate rather than production of phytoplankton, which is the product
of growth rate and biomass. Second, it assumes implicitly that all phytoplankton growth is
available as food for the zooplankton consumed by the smelt species, but analyses
published on the San Francisco Estuary and elsewhere show that most of the production is
consumed by benthos and by microzooplankton such as ciliates (e.g., Lopez et al. 2006,
Lucas and Thompson 2012, Kimmerer and Thompson submitted).

The smelt species are expected to occupy some of the restored habitats. This may provide
benefits in the form of increased opportunities for individual fish to find suitable conditions
such as spawning substrate, food patches, or shelter from predators. A potential benefit is
to diversify the locations in which the smelt species occur, in an attempt to increase
resilience of the populations to local perturbations such as high-temperature periods or
toxic spills.
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Analysis of components

For effects of food production and export we assessed the evidence for food limitation of
the smelt populations, and for the amount of food (zooplankton) that restored marshes
would export to waters where the smelt species occur. For physical habitat we examined
current patterns of occurrence to determine the likely effect of additional physical habitat
on the smelt species.

We do not address other potential indirect impacts of marsh restoration, or interactions
with other proposed projects. Restoration of extensive areas of marsh will increase the
tidal prism in the restored area. This will affect tidal currents and elevations both locally
and all the way to Carquinez Strait, and therefore affect salinity penetration and the
movement of sediments. The effects on salinity have been included in the modeling
presented in BDCP documents, but we did not review this. The U.S. Army Corps of
Engineers has proposed a project, now on hold, to deepen the Sacramento Deep-Water Ship
Channel, which is currently an important part of the habitat of delta smelt. This and other
non-BDCP projects should be taken into account when considering impacts of BDCP.

Are smelt species food-limited?

What is the evidence for and against food limitation in delta and longfin smelt? By food
limitation we mean a situation in which an increase in concentration of food organisms
would result in a higher abundance of smelt. This does not require that all or even most
fish have depressed growth or reproductive rates, only that at least some of them do.
Substantial food limitation would require the following to be true:

1. The density of food organisms is too low to support the maximum growth rate of the
fish.

2. Therefore some fish are in poorer condition or grow more slowly than under food
satiation.

3. Either or both of the following:
a. Survival over a life stage depends on condition and therefore food supply

b. Reproductive rate of an adult varies with growth rate during development
through its effect on maturity or total eggs per female.

4. Higher reproduction leads to a larger population, all else being equal. We assume
this condition must be true as a straightforward consequence of population
dynamics.

Food limitation could occur at one or more life stages, which may occupy different parts of
the estuary. During spawning and early life delta smelt are mostly in freshwater. During
the late larval stage (~]July) until the pre-spawning migration in December, part of the
population is in the low-salinity zone (LSZ, salinity ~0.5-5), and part is in the Cache Slough-
Liberty Island complex in the North Delta (Sommer et al. 2011). Longfin smelt also spawn
in freshwater but move earlier and further seaward (Rosenfield and Baxter 2007,
Kimmerer et al. 2009). We refer to fish between metamorphosis from the larval stage to
their spawning migration as juveniles (i.e., including all fish caught in the fall midwater
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trawl survey). Both smelt species consume available plankton in their habitat, with the size
of prey related to that of the fish.

Food limitation is surprisingly difficult to demonstrate in a fish population. Nearly all
populations must be food limited to some degree. However, food limitation of individual
fish can be difficult to detect. The prey and the fish are spatially patchy and temporally
variable, so the degree of food limitation is sporadic and patchy. Great differences among
individuals in feeding success result in differences in growth and survival, such that the
survivors are those that have been well fed. Feeding success also interacts with other
influences such as predation risk and physiological stress.

The analysis of food limitation relies on a variety of direct and indirect evidence (Details in
Appendix D). Some studies suggest food limitation inferred from correlations of
abundance or length with measures of food availability, indices of gut fullness and
physiological condition of field-caught smelt, and laboratory-derived estimates of feeding
rate in relation to food concentration. A few other studies do not support food limitation in
these species. However, the weight of evidence suggests that food is limiting the
populations of both smelt species.

Export of food from shallow restored areas

One purported benefit to smelts of restored shallow areas is that elevated food production
in these areas will be exported as a subsidy to open waters where the smelts are abundant.
The implicit conceptual model is that these shallow areas will produce an excess of
phytoplankton and zooplankton that will then be exported by stream flow or tidal currents.
A subsidy of phytoplankton could stimulate zooplankton production in the open waters,
since the zooplankton in this estuary are chronically food-limited in their growth or
reproduction (Miiller-Solger et al. 2002, Kimmerer et al. 2005). However, grazing by clams
is likely to prevent such a subsidy from having much effect on zooplankton production.
The alternative subsidy is that of zooplankton grown within the restored areas, including
larger forms such as mysids that are consumed by juvenile longfin smelt and adult delta
smelt.

The magnitude of any subsidy depends also on the transport process. Where the transport
is mediated by tidally-driven currents, the subsidy will be related to the tidal exchange and
the difference in biomass between the restored area and the open water. Where it is
mediated by river flow, the subsidy will depend on the net flow and the biomass in the
restored area.

Here we examine the literature on subsidies from marshes, use a simple model to estimate
the magnitude of such a subsidy of either phytoplankton or zooplankton, and estimate the
proportional flux from the Suisun Marsh to Suisun Bay using output from a particle-
tracking model as a measure of the extant subsidy. Our conclusions are:

* The literature does not support a confident assertion that marshes will subsidize
zooplankton of the open waters.

* (Calculated subsidies of phytoplankton and zooplankton are modest under optimistic
assumptions about in-marsh production and design of restoration sites.
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* A subsidy of zooplankton from Suisun Marsh to Grizzly Bay cannot be very large
under current conditions, and is unlikely to be much larger with the proposed
extent of restoration.

Do shallow areas export phytoplankton or zooplankton?

Marshes can be major producers of organic matter because of their extensive vegetated
surface exposed to sunlight, shallow waters leading to light penetration through all or most
of the water column, and the continual supply of nutrients from the open waters and from
land (Figure 7.1). This appears to be true even for recently restored marshes (Howe and
Simenstad 2011). Over the long term, mass must balance, so production in excess of
respiration by organisms within the marsh must be either buried or exported as organic
matter or organisms to adjacent estuarine waters.

PIanktlvory

Figure 7.1. Conceptual model of the production of food for pelagic fish in a low-order tidal
marsh channel. Because the water is shallow (and may be clearer than in adjacent channels)
light penetration is good and growth of phytoplankton and benthic microalgae is high.
Losses of phytoplankton occur through benthic grazing and by pelagic grazing, chiefly by
microzooplankton but also by larger zooplankton such as copepods that can be consumed by
fish. Benthic grazers filter a certain volume of water every day, so the shallower the water
the more intensive the grazing on the plankton of the marsh. Small planktivorous fish such
as Mississippi silversides seek shelter in the shallowest and vegetated areas; thus
consumption of zooplankton is also more focused and more selective for larger organisms in
shallow water. Tidal exchange of water with the adjacent higher-order (larger) channel
transports nutrients, organic matter, and plankton between marsh and channel, but the
direction of transport for zooplankton may be in or out of the marsh depending on the
outcomes of the various production and consumption processes.
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Export of organic matter from marshes to adjacent estuarine waters was first considered as
the "outwelling hypothesis" (Odum 1980, Nixon 1980). This hypothesis holds that the
export of labile organic matter provides an important subsidy to nourish adjacent waters of
the estuary or continental shelf.

The outwelling hypothesis originated in studies of extensive, rich marshes on the east and
Gulf coasts, but even there, quantitative demonstrations of its importance to estuarine or
coastal foodwebs were few (Dame et al. 1986). Much of the difficulty arises from the
technical challenge of measuring a small net flux in a large tidal signal with high variability
(Dame et al. 1986). In addition, dissolved and particulate organic matter produced by
rooted vegetation can be highly refractory and therefore largely unavailable to estuarine
pelagic foodwebs, which are usually fueled mainly by phytoplankton (Sobczak et al. 2002,
2005).

Marshes can be sites of high productivity by benthic or planktonic microalgae because they
are shallow, so waters are well-lit. Therefore a marsh could export organic matter as living
phytoplankton. However, the extent of this export depends on consumption within the
marsh, including consumption of phytoplankton by benthic grazers in shallow waters, as
illustrated for flooded islands in the Delta by Lopez et al. (2006). Often overlooked in
attempts at a mass-balance of phytoplankton is the high rate of consumption by
microzooplankton, which typically consume about 60% of the production by
phytoplankton in estuaries (Calbet and Landry 2004, York et al. 2011). Thus, the
production actually available for consumption by mesozooplankton, and for export, is
considerably lower than would be expected from estimates of primary production.

For zooplankton the magnitude and direction of the flux depends on behavior and on size-
and taxon-specific patterns of mortality. In particular, visual predation by fish can exert
strong control on the size distributions, and therefore species distributions, of zooplankton
(Brooks and Dodson 1965). Vertical movements of zooplankton and hatching or
settlement of larvae can lead to spatial patterns of abundance that do not reflect tidal
transport (Houser and Allen 1996). Consumption of zooplankton by small fish that seek
food and shelter in shallow areas can reduce zooplankton abundance near shore, and shift
the size distribution toward smaller forms, in lakes (Brucet et al. 2005, 2010), lagoons
(Badosa et al. 2007), and marshes (Cooper et al. 2012). The outcome can be net fluxes into
shallow areas (Carlson 1978, Kimmerer and McKinnon 1989), and marshes can be
simultaneously sinks for copepods and areas of aggregation for bottom-oriented larvae
(Mazumder et al. 2009).

Thus, marshes may act either as net sources or sinks for plankton in the adjacent waters,
depending on the availability of habitat for small fish and the degree of colonization by
benthic grazers such as clams. The exact details of the exchange processes depend on the
physical configuration of the marsh including permanence of inundation (Brucet et al.
2005), residence time of the water (Lucas and Thompson 2012), and the biological
composition, i.e., the kinds and abundance of producers and consumers within the marsh
including transient organisms (Kneib 1997). If the excess organic matter is being
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transported by fish as in some east coast marshes (Kneib 1997), little benefit would accrue
to planktivorous fish in the open waters such as the smelts.

Few of these aspects have been examined in marshes of the San Francisco Estuary. Long-
term studies of Suisun Marsh have revealed a lot about fish assemblages (e.g., Matern et al.
2002, Feyrer et al. 2003) and medusae and some zooplankton (Wintzer et al. 2011, Meek et
al. 2013), and some detailed studies of exchange processes have been undertaken
(Culberson et al.2004). Zooplankton abundance is highest in small sloughs of long
residence time (P. Moyle, UC Davis, personal communication).

Foodwebs in diverse marshes of the San Francisco Estuary are supported more by local
plant production than by estuarine phytoplankton (Howe and Simenstad 2007, 2011). This
implies a division of organic-matter sources between those supporting littoral and marsh
foodwebs and those supporting pelagic foodwebs (Grimaldo et al. 2009).

Lehman et al. (2010) estimated the fluxes of various substances in and out of Liberty
Island, a flooded island in the Cache Slough complex in the northern Delta. They found
large seasonal shifts in the magnitude and direction of fluxes. In particular, seasonal
chlorophyll flux was into Liberty Island in spring and out in fall, based on point
measurements, and into the island in all seasons but more so in spring and summer, based
on the continuous measurements. Fluxes of copepods were out during spring and fall, and
in during summer, based on a total of six sampling days. Although Lehman et al. (2010)
linked fluxes into Liberty Island with storage within the island, it was equally likely to have
been a function of consumption, particularly since high inward fluxes of chlorophyll and
zooplankton occurred in summer when biological activity would have been high.

A few other marshes and restoration sites in the estuary have been investigated for their
potential links to open waters. The South Bay Salt Ponds, which began to be reconnected to
the tidal action of the Bay in 2006, are highly productive and may export organic matter to
nearby estuarine waters (Thebault et al. 2008). A marsh at China Camp in San Pablo Bay
was a net sink for mysids, probably through predation within the marsh (Dean et al. 2005).

Calculated subsidies

Here we assume that the restored areas will actually produce an excess of phytoplankton
or zooplankton over adjacent waters, and ask what additional level of food availability to
the smelt would result. This is based on a very simple model using data from IEP
monitoring, described in detail in Appendix E (See Figure 7.2). The basis of this model is to
calculate the subsidy based on high levels of biomass and growth rate in a 2500-acre marsh
that is closely connected to smelt habitat and has an optimum rate of exchange with the
open water. We assume smelt habitat is represented by the Low-Salinity Zone (LSZ), which
has a volume of about 0.5 km3.

A subsidy is maximized by a large marsh close to the smelt habitat, with tidal exchange
close to but not above the net population growth rate of the plankton (Figure 7.3). The
subsidy is degraded or even reversed by consumption (clams, planktivorous fish) within
the marsh. Water depth may have a positive or negative effect on the subsidy.

The simple model in Appendix E shows that under an extremely favorable set of conditions
both within and outside of the marsh, a modest subsidy of phytoplankton is possible.
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Phytoplankton input to the LSZ could amount to 16%/day, or about half of the daily net
production in the LSZ. However, smelt species do not eat phytoplankton, and the
conversion of phytoplankton to zooplankton depends on factors in the open water such as
grazing. The direct subsidy of zooplankton would be about 3%/day, also under
unrealistically ideal conditions. Although this is not negligible, any reduction in this value
would effectively eliminate the subsidy to open water.

Restored Shallow Area

Existing Estuarine Area

Figure 7.2. Schematic diagram of a subsidy of zooplankton (yellow circles) from a restored
tidal marsh or other shallow area to an existing estuarine area. Zooplankton move by
dispersion (double-sided arrows) between the restored and existing areas, and within the
existing area from the outlet of the restored area to other regions of the estuary including
smelt habitat. Advection may alter the flow of zooplankton, for example, if the restored area
is on a creek that produces a net flow into the existing area.

Zooplankton export from Suisun Marsh

One of the proposed restoration areas is in the northern end of Suisun Marsh. We
estimated the subsidy of copepods to the LSZ from this region using IEP monitoring data
and using a particle-tracking model to estimate exchange rate (Appendix E). If the
copepods behaved as passive particles, this subsidy would amount to about 2%/d of the
population in the LSZ. This is unlikely to produce a noticeable increase in copepod
biomass, as their potential population growth rates are on the order of 10%/d. However,
particles that migrate to the bottom tidally or remain near the bottom, as most zooplankton
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do in the estuary (Kimmerer et al. 2002), were essentially trapped within the northern
marsh. Behavioral responses to tidal currents, consumption within the marsh, the distance
from the mouth of the marsh to the habitat of the smelts, and the operations of the salinity
control gate on Montezuma Slough would all reduce or even eliminate this subsidy.

The real world

Several features of the actual restoration site would alter the subsidy to open waters from
the analyses above. First, the enlarged restoration area will alter the tidal prism and
therefore the exchange rate. The proposed restoration for Suisun Marsh would increase
the inundated area 2-3-fold, with a corresponding increase in tidal currents. Since most of
the exchange will be mediated by tides, this could substantially increase the exchange rate.
Whether this would increase or decrease the subsidy would depend on the net population
growth rate achieved in the marsh in relation to the exchange rate. Resolving the change in
residence time would require a 3D model with very accurate bathymetry throughout the
region. Itisimpossible to tell with available information whether the stronger tidal
connections would result in a greater subsidy from Suisun Marsh, or whether this would be
offset by zooplankton behavior or by consumption within the marsh. Such calculations
could be done using a hydrodynamic and particle tracking model and some reasonable
assumptions about zooplankton behavior.

The BDCP documents acknowledge (but then mostly ignore) that grazing by clams that
settle in or near restored subtidal areas may remove all or most of the phytoplankton
production and some of the zooplankton. Grazing by clams and zooplankton (including
microzooplankton) removed all of the phytoplankton production in the LSZ nearly all the
time from late spring through fall during 1988 - 2008 (Kimmerer and Thompson
submitted.). Whether clams settle in the newly restored areas is critical in determining
whether the area can export any phytoplankton (Lucas and Thompson 2012). At present
clams are not abundant in Suisun Marsh except for the larger Suisun and Montezuma
Sloughs, where they probably remove a substantial fraction of the phytoplankton and small
zooplankton that would otherwise enter Grizzly Bay.

Zooplankton organisms are not passive, and undergo tidal migrations in Suisun Bay
(Kimmerer et al. 1998, 2002). It is very likely that they will do so also in marsh channels,
which would greatly lengthen the residence time for copepods produced in the marsh,
particularly in the far northern area of Suisun Marsh. In addition, several studies have
shown that zooplankton organisms may also be consumed by various planktivorous fish
within a marsh, resulting in a net flux of zooplankton into the marsh (see literature review
above).

Finally, some of the proposed restoration sites are far from the centers of distribution of
delta and longfin smelt. Travel times from these sites to where the fish are may be on the
order of weeks to months in the dry season or when the North Delta diversions are
operating (Kimmerer and Nobriga 2008). A plankton population can double or halve its
biomass in a few days depending on local food supply and predation. Thus, any export of
zooplankton from a restored area should be assumed to subsidize only the local area.

All of these considerations are based on rather crude models of exchange and population
processes. That is appropriate given the level of specificity of the BDCP design.
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Nevertheless, this analysis raises significant questions about the putative subsidy from
restored areas to estuarine foodwebs. To address this uncertainty, long before any actual
restoration takes place a program of analysis, modeling, and experimental restoration
should be undertaken.

Likely use of restored areas

Like other fish, smelt use a variety of habitats and appear to explore their environment to
find suitable places for spawning, growth, and development. As pelagic fish, their principal
habitat is open waters of the estuary, either in freshwater during the larval to early juvenile
stages in spring to early summer, or in the low-salinity zone until winter. The low-salinity
zone during summer-fall is generally in the western Delta and Suisun Bay, including the
channels of Suisun Marsh. Delta smelt appear to be surface-oriented, which would allow
them access to shallow areas (Aasen 1999).

The fundamental problem for both smelt species in the open-water, brackish regions of the
estuary is the low food supply (discussed above) and possibly also the decreasing turbidity
(Kimmerer 2004). Those trends may be difficult to reverse, spelling trouble ahead for the
smelts. However, in recent years some proportion of the delta smelt population has
remained in freshwater in the Cache Slough complex, despite high temperature there
(Sommer and Mejia 2013). This may provide an alternative habitat in which the smelt
population can either avoid poor conditions in the LSZ, or hedge its bets on future
conditions. Longfin smelt are apparently not very abundant in Cache Slough.

Delta and longfin smelt have been collected in the Suisun Marsh fish survey (Matern et al.
2002). Delta smelt are not common in Suisun Marsh during summer-fall but were formerly
common in winter to early spring (Matern et al. 2002) when the fish are migrating and
spawning. About 0.7% of 3291 otter trawl samples from the Suisun Marsh survey during
May-October of 1982 - 2009 and about 3% of 3320 samples during November - April
contained delta smelt, mostly maturing juveniles and adults. The low catches in summer
were not due to small size of the fish, since young-of-the-year longfin smelt of the same size
range were captured frequently in that program. Temperature in the larger sloughs is
~1°C higher than in Grizzly Bay in July and August, based on IEP and UC Davis monitoring
data, but if smelt avoid the warmer water in summer it does not explain the low catches for
all of May-October. Longfin smelt are much more abundant in the Suisun Marsh channels
than delta smelt, occurring in 8% of samples in May-October and 12% of samples in
November-April with no obvious differences among the various sloughs.

The 20mm survey catches smelts during spring-summer in Montezuma Slough in Suisun
Marsh and in central Suisun Bay including one station in Grizzly Bay near the major
western entrance to the marsh. A graphical comparison of catch per trawl in these
locations did not reveal a consistent difference for either species. A similar comparison of
catch per trawl between Montezuma Slough and Grizzly Bay in the Fall Midwater Trawl
survey also did not reveal a consistent difference, except that delta smelt were somewhat
less abundant in the slough than in Grizzly Bay during September. Thus, it appears delta
and longfin smelt are roughly as abundant in the larger sloughs of Suisun Marsh as in the
open water of the estuary.
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The key question for this aspect of restoration is whether additional physical habitat would
result in larger populations of smelt. Abundance of delta smelt is related to an index of
habitat availability based on salinity and turbidity (Feyrer et al. 2007, 2011, Nobriga et al.
2008). However, the size of the LSZ (volume or area) does not seem to be strongly related
to the abundance of either smelt species (Kimmerer et al. 2009, in press). This may be
because the LSZ is a contiguous stretch of water whose physical features are ephemeral,
and the fish can move around readily within that region. In contrast, shallow tidal areas
may offer enough physical structure to provide a wealth of sub-habitats with variable
conditions. In that case, having more habitat area could lead to a greater abundance of fish.
Note that a relationship between the quantity of habitat and the size of a fish population
need not rely on a density-dependent relationship between habitat and the survival or
reproduction of individual fish, which seems unlikely for delta smelt at current population
levels.

Thus, we are cautiously optimistic that restoration of habitat may result in colonization and
subsequent population expansion of delta smelt in the Cache Slough area including the
Sacramento Ship Channel (Moyle 2008, Sommer and Mejia 2013). Longfin smelt seem
unlikely to benefit from this. We cannot determine whether either species would benefit
from similar restoration in the Suisun Marsh or the western Delta. The other restoration
sites are too remote from the current population centers to offer much reason for optimism
about their colonization by either smelt species.

Floodplain

The BDCP proposes to alter the Fremont Weir at the upstream end of the Yolo Bypass so
that the Bypass would flood at lower stages of the Sacramento River. We consider here
only the likely effects on the smelt species.

Review of conceptual basis

Although the smelt species do not use floodplain as habitat, elevated production of
plankton on the floodplain may provide a subsidy to smelt habitat. This situation differs
slightly from that of the potential subsidy from marshes discussed above. First, the
floodplain is a flow-through system so that increased biomass of plankton will be
transported by the mean, river-derived flow rather than by tidal flow. Second, residence
time on a floodplain varies with flow conditions, from hours to a few days under high-flow
conditions to effectively infinite in ponds remaining after the floodplain stops draining.

Analysis of components

Apart from its suitability as habitat for fish and other species, the Yolo Bypass may also
support foodwebs within the estuary. The mechanism for this would be higher
phytoplankton and zooplankton production because of shallow depth and better light
penetration than in river channels, as well as higher temperature (Lehman et al. 2007).
Whether this translates to zooplankton is uncertain; zooplankton abundance on the Bypass
was similar to that in the Sacramento River during 1998-2001 (Sommer et al. 2004).
Plankton biomass on a floodplain may increase late in the season as residence time
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increases and fish switch to larger prey (Grozholz and Gallo 2006), but that was not
observed on the Yolo Bypass in most years (Sommer et al. 2004).

At very high flows residence time on the Bypass is probably too short to allow for a buildup
of biomass, while at lower flows such a buildup may occur but the rate of export may be
low (Schemel et al. 2004). This implies that, as with tidal exchange in marshes (Figure 7.3),
there is an intermediate range of flow that maximizes export of plankton.

A subsidy from the Yolo Bypass may be more or less direct to delta smelt habitat, notably in
the Cache Slough complex at the southern end of the Bypass. In addition, it may subsidize
the low-salinity habitat used by both smelt species in late spring through fall.

In Appendix F we examine the evidence for a subsidy of zooplankton to the open water of
the estuary under the current configuration using existing zooplankton data. We do not
actually calculate the magnitude of the subsidy, since several factors would intervene to
alter conditions. In particular, the Bypass could be flooded later in the year than is now the
case, and the greater light penetration and higher temperature would provide for greater
plankton production than now occurs. Furthermore, Bypass flow would represent a
greater proportion of total inflow to the Delta later in the year, resulting in less dilution of
the plankton coming off the Bypass.
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Figure 7.3. Relative magnitude of phytoplankton flux from a tidal marsh as a function of
exchange rate, scaled to the growth rate of the phytoplankton. The model is based on a
balance among import of nutrients to the marsh, uptake of nutrients to support growth of
phytoplankton, and export of phytoplankton. All nutrient uptake is by phytoplankton, there
is no consumption, and the phytoplankton concentration in the receiving water is zero.
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Our analysis shows no evidence that the open waters of the estuary receive a detectable
subsidy of phytoplankton or zooplankton. If anything, plankton abundance is inversely
related to Yolo Bypass flow, either during the month of sampling between flow during the
winter and zooplankton abundance in the following summer.

Conclusions

There are many reasons for restoring physical habitat in the Delta and Suisun Marsh, and a
host of species that are likely to benefit. Among the listed fish species, young salmon use
marsh and floodplain during residence, salutatory downstream movement, and active
migration. However, it is unclear whether conditions in the Delta have a substantial role in
the population dynamics of salmon, and therefore we have elected to focus on the smelt
species, for which the Delta is a key part of home (Sommer and Mejia 2013).

The BDCP is overly optimistic about the potential benefits to delta and longfin smelt of
physical habitat restoration. Longfin smelt do not appear to use marshes as habitat to any
great extent. Delta smelt are also considered pelagic but their persistent abundance in the
Cache Slough complex, and greater abundance in shallow rather than deep water, suggests
some potential benefit to their population of expanded marsh in that area. The magnitude
of this benefit is impossible to predict, as is the degree to which marsh and floodplain
restoration might cause an increase, or reverse the decline, in the delta smelt population.
Under these conditions it is premature to assert that the restoration activity will have such
an effect, until studies including pilot projects and even some smaller full-scale restoration
projects can show whether an effect is to be expected.

The idea that restored marsh and floodplain will export substantial amounts of
zooplankton to the open waters of the estuary is not tenable. The ecology of shallow
waters suggests that shallow areas are more likely to be sinks for zooplankton. Even if they
were sources, simple mass-balance considerations indicate that the resulting export would
produce at most a small enhancement of extant zooplankton of the open waters. This idea
should be dropped from discussions of BDCP, although experimental work should press
ahead to determine under what conditions marsh habitats could be sources of significant
food for delta and longfin smelt in the open waters.
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Chapter 8: Regulatory Oversight and
Assurances

Introduction

The previous chapters have demonstrated the relatively high uncertainties
associated with proposed conservation actions in BDCP. These uncertainties will
likely result in the need to change Plan goals and objectives in the future, along with
the prescribed conservation measures to address them.

This chapter addresses the question whether the draft Bay Delta Conservation Plan
includes governance policies that are “transparent and resilient to political and
special interest influence.” We divide our analysis into two parts: (1) analysis of the
regulatory oversight of plan implementation and adaptive management; and (2)
evaluation of the regulatory assurances and proposed 50-year “no surprises”
guarantee.

Regulatory Oversight

Introduction

The draft BDCP vests primary responsibility for implementing the Plan in a Program
Manager, who shall “ensure that the BDCP is properly implemented throughout the
duration of the Plan” (BDCP 7-2). The Program Manager’s authority is broad and
includes protection and restoration of habitat, reduction of ecological stressors,
management of conserved habitat, coordinated operation of the CVP and SWP, and
development of the new facilities authorized by the Plan (BDCP 7-3).1

The Program Manager’s implementation of the BDCP is subject to oversight by the
Authorized Entity Group, which will be comprised of the Director of the California
Department of Water Resources as operator of the SWP, the Regional Director of the
U.S. Bureau of Reclamation as operator of the CVP, and one representative each of
the CVP and SWP contractors if the contractors are issued permits under the Plan
(BDCP 7-8).2 The BDCP also covers certain diversions of water that are not part of
CVP or SWP operations and recognizes that these water supply operators may seek
incidental take permits under the terms and conditions of the BDCP. If this occurs,
these water projects would become Authorized Entities, but would not be members
of the Authorized Entity Group (BDCP 7-8).

1 The Program Manager also will have responsibility over the Implementation Office, which will assist

the Program Manager in all aspects of implementation of the Plan, BDCP 7-4 to 7-5, and the Science Manager and
Adaptive Management Team as described in Chapter 9 of this report.

2 A question has arisen whether the fish and wildlife agencies legally may grant incidental take permits
to the CVP and SWP contractors under the federal Endangered Species Act and the California Natural
Community Conservation Planning Act. We address this question in the Appendix G.
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The Authorized Entity Group’s authority over the BDCP also is broad and
multifaceted. The draft BDCP states:

The Authorized Entity Group will provide oversight and direction to the
Program Manager on matters concerning the implementation of the BDCP,
provide input and guidance on general policy and program-related matters,
monitor and assess the effectiveness of the Implementation Office in
implementing the Plan, and foster and maintain collaborative and
constructive relationships with the State and federal fish and wildlife
agencies, other public agencies, stakeholders and other interested parties,
and local government throughout the implementation of the BDCP (BDCP 7-8
to 7-9).

This oversight structure means that the Authorized Entity Group will exercise
significant authority over both the coordinated operation of the CVP and SWP and
implementation of the BDCP itself. Indeed, the draft Plan declares that the Program
Manager “will report to the Authorized Entity Group, and act in accordance with the
group’s direction” (BDCP 7-2).

The draft Plan vests regulatory responsibility within the BDCP in a “Permit
Oversight Group,” which is composed of the Regional Director of the U.S. Fish and
Wildlife Service, the Regional Administrator of the National Marine Fisheries Service,
and the Director of the California Department of Fish and Wildlife (BDCP 7-11). It
then states that the three agencies “are expected to issue regulatory authorizations
to the Authorized Entities” pursuant to the federal Endangered Species Act and the
California Natural Community Conservation Act (BDCP 7-11).

The draft Plan also provides that, “[c]onsistent with their authorities under these
laws, the fish and wildlife agencies will retain responsibility for monitoring
compliance with the BDCP, approving certain implementation actions, and enforcing
the provisions of their respective regulatory authorizations” (BDCP 7-11). This
means that, although the USFWS, NMFS, and CDFW will work together as members
of the Permit Oversight Group for the purpose of supervising implementation of the
BDCP, each agency will retain its independent regulatory powers over the CVP, SWP,
and other water users under the federal and state Endangered Species Acts.3

This structure is consonant with both the Endangered Species Acts and the
California Natural Community Conservation Planning Act, because it separates the
regulatory oversight responsibilities of the federal and state fish and wildlife
agencies from the operational responsibilities of the Program Manager and the
Authorized Entity Group. This structural delineation is undermined, however, by
the draft Plan’s more detailed definition of the “function” of the Permit Oversight
Group, which blurs the distinction between implementation and regulation. It also
is undermined by provisions in the draft Plan that grant the Authorized Entity

3 This independent regulatory authority is subject, however, to an important caveat—the draft Plan’s

requirement of consistency between future section 7 consultations and the BDCP—as described below. See pp.
7-8 to 7-9.
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Group—rather than the regulatory agencies—veto authority over changes to the
conservation measures, biological objectives, and adaptive management strategies,
as well as over amendments to the BDCP itself.

Regulatory vs. Programmatic Responsibilities: Implementation
The draft Plan grants the Permit Oversight Group a significant role in implementing
the conservation goals and adaptive management strategies of the BDCP:

The Permit Oversight Group will be involved in certain decisions relating to
the implementation of water operations and other conservation measures,
actions proposed through the adaptive management program or in response
to changed circumstances, approaches to monitoring and scientific research
(BDCP 7-11).

It then provides that the Permit Oversight Group “will have the following roles,
among others, in implementation matters”:

* Approve, jointly with the Authorized Entity Group, changes to conservation
measures or biological objectives proposed by the Adaptive Management
Team.

* Decide, jointly with the Authorized Entity Group, all other adaptive
management matters for which concurrence has not been reached by the
Adaptive Management Team.

* Provide input into the selection of the Program Manager and the Science
Manager.

* Provide input and concur with the consistency of specified sections of the
Annual Work Plan and Budget with the BDCP and with certain agency
decisions.

* Provide input and concur with the consistency of the Annual Delta Water
Operations Plan with the BDCP.

* Provide input and accept Annual Reports.

* Provide input and approve plan amendments* (BDCP 7-11 to 7-12: emphasis
added).

These definitions are poorly drafted, and they assign programmatic authority to the
fish and wildlife agencies that may undermine their regulatory responsibilities. We
therefore recommend that the draft BDCP be revised in two ways:

First, where the parties to the negotiations want to grant the Permit Oversight
Group authority to determine whether certain actions or documents are consistent
with the BDCP, the Plan should define its responsibilities more clearly and precisely
than does the current language—e.g., “provide input and concur”; “provide input

4 The draft Plan also contains a placeholder “function,” which states that the Permit Oversight Group also may
play a role in “decision-making regarding real-time operations, consistent with the criteria of CM1 Water
Facilities and Operation and other limitations set out in the BDCP and annual Delta water operations plans.” As
the details of this role as still under negotiation, we do not address it here except to note that the role of the
Permit Oversight Group should be clearly defined and limited to regulatory oversight as explained in the text.
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and accept”; and “provide input and approve.” Thus, the draft Plan should be
revised to state:

The Permit Oversight Group shall have exclusive authority to determine
whether the Annual Work Plan Budget and Annual Delta Operations Plan are
consistent with the BDCP. If the Permit Oversight Group does not issue a
determination of consistency, the document in question shall be revised and
resubmitted to the Permit Oversight Group for approval or further remission
and revision.

Second, the Permit Oversight Group’s role should be limited to regulatory oversight.
The “functions” listed in the draft Plan conflate the Permit Oversight Group’s
regulatory responsibilities with the programmatic implementation duties that are
best left with the Program Manager and the Authorized Entities Group. Although
there is some practical value in collaboration among the regulators and the
regulated—e.g., having the fish and wildlife agencies give their “input” during the
drafting of annual operations plans—it is better policy to maintain the exclusive
regulatory role of the Permit Oversight Group. A regulatory agency that has a stake
in the creation of the program and policy decisions that it must ultimately review
will not be able to bring its independent judgment to bear in evaluating those same
decisions for consistency with the Plan and other applicable laws.

The conflation of regulatory and programmatic responsibilities is especially
dangerous in the case of revisions to the biological objectives, conservation
measures, and other adaptive management strategies. As currently written, the
draft Plan grants the Authorized Entity Group an effective veto over proposed
changes to the these programs, even if the Adaptive Management Team, the Science
Manager, the Program Manager, and the Permit Oversight Group have concluded
that changes are needed to ensure programmatic compliance with the BDCP or to
fulfill the requirements of the federal and state Endangered Species Acts (BDCP 7-
11).

A better course would be to revise the draft Plan to allow the Science Manager and
Adaptive Management Team—subject to oversight and approval from the Program
Manager and Authorized Entity Group—to make revisions to the biological
objectives, conservation measures, and other adaptive management strategies.
These changes then would be submitted to the Permit Oversight Group for review
and approval or remission. The Permit Oversight Group also should have
independent authority to revise the biological objectives, conservation measures,
and other adaptive management strategies if it concludes that the existing programs
are inadequate to comply with the BDCP or other governing law.

Regulatory vs. Programmatic Responsibilities: Policy Modifications and
Amendments to the BDCP

A similar problem exists for modifications to the BDCP itself. The draft Plan
recognizes that “Plan modifications may be needed periodically to clarify provisions
or correct unanticipated inconsistencies in the documents” (BDCP 6-45). It then
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identifies three types of plan modifications: administrative changes, minor
modifications, and formal amendments. Only the latter two concern us here.

The draft Plan defines “minor modifications” as including transfers of acreage
between Restoration Opportunity Areas or conservation zones and “[a]djustments
of conservation measures or biological objectives . .. consistent with the monitoring
and adaptive management program and intended to enhance benefits to covered
species” (BDCP 6-46). It then describes “formal amendments” as including, but not
limited to:

* Changes to the geographic boundary of the BDCP.

* Additions of species to the covered species list.

* Increases in the allowable take limits of covered activities or the addition of
new covered activities to the Plan.

* Substantial changes in implementation schedules that will have significant
adverse effects on the covered species.

* Changes in water operations beyond those described under CM1 Water
Facilities and Operations. (BDCP 6-47).

The “minor modifications” and “formal amendments” thus include all aspects of
BDCP implementation that will be vital to the success or failure of the BDCP. Yet, the
draft Plan expressly provides that the Authorized Entities may veto any such
changes.> For minor modifications, the draft BDCP states: “If any Authorized Entity
disagrees with the proposed minor modification or revision for any reason, the
minor modification or revision will not be incorporated into the BDCP” (BDCP 6-
46).6 The draft Plan similarly declares that formal amendments “will be subject to
review and approval by the Implementation Office and the Authorized Entities.””

The BDCP is fundamentally a set of terms and conditions that allow the principal
regulatory agencies—the U.S. Fish and Wildlife Service, the National Marine
Fisheries Service, and the California Department of Fish and Wildlife—to authorize
the construction and operation of physical improvements to the Delta that will
facilitate more reliable (and, one may hope, more environmentally sustainable)

5 Please note that the draft BDCP states that the Authorized Entities—not the Authorized Entity Group—hold
this veto power. This may be a typographical error, as the Authorized Entities are not granted implementation
decisionmaking authority (except through the Authorized Entity Group) any other place in the document. If it
the BDCP negotiators in fact intend to vest veto authority in the Authorized Entities, however, this is especially
problematic as the Authorized Entities potentially include water users other than those that comprise the
Authorized Entity Group. BDCP 7-8.

6 By contrast, if any of the fish and wildlife regulatory agencies disagrees with a proposed minor modification, its
rights are limited to insisting that the proposal be treated as a formal amendment to the Plan. BDCP 6-46.

7 At least in the case of formal amendments the draft Plan recognizes a relative parity in the rights of the
regulators and the regulated, acknowledging that such amendments “will require corresponding amendment to
the authorizations/ permits, in accordance with applicable laws and regulations regarding permit amendments.”
BDCP 6-47. It also states, however, that the “fish and wildlife agencies will use reasonable efforts to process
proposed amendments within 180 days.” BDCP 6-46.
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exports of water by the CVP and SWP. Although the motivating purpose of the BDCP
is to facilitate this water development, the regulatory agencies’ foundational
responsibility is to ensure that the project does not jeopardize the continued
existence of the species that are listed for protection under the federal and state
Endangered Species Acts.

To accomplish this essential obligation, the fish and wildlife agencies must both
insist on an initial set of biological objectives, conservation measures, and
conditions on coordinated project operations that will fulfill this purpose; and they
must have the means of ensuring that the implementation of the BDCP will continue
to achieve that goal throughout its fifty year term.

We do not believe that the draft Plan satisfies this second requirement, as it vests
veto authority over necessary changes in the biological objectives, conservation
measures, adaptive management strategies, and the terms and conditions of the
BDCP itself, not in the regulatory agencies, but in the regulated entities that
comprise the Authorized Entity Group. We therefore recommend revision of the
draft Plan to require that all “minor modifications” and “formal amendments” to the
BDCP be subject to review and approval by the Permit Oversight Group.

As explained above, we also recommend that the draft Plan be revised to authorize
the Permit Oversight Group itself to initiate and make changes to the biological
objectives, conservation measures, and other adaptive management strategies that
the fish and wildlife agencies conclude are needed to ensure the protection and
recovery of the species listed under the federal and state Endangered Species Acts.
This unilateral authority must extend to all of the identified “minor modifications”
and to at least one of the defined “formal amendments”—uviz. “substantial changes in
implementation schedules that will have significant adverse effects on the covered
species” (BDCP 6-47).8

The other listed “formal amendments”—which include alteration of the geographic
boundaries of the Plan and the addition of new species and covered activities—are
different, as they include possible changes to the scope and structure of the BDCP,
rather than adaptive changes to the implementation and achievement of the goals of
the existing BDCP. The draft Plan therefore properly states that formal amendments

8 The governance structure set forth in the current draft Plan also may jeopardize the likelihood that the BDCP
will be incorporated into the Delta Plan. See California Water Code § 85320-85322. The Delta Reform Act
provides:

The BDCP shall include a transparent, real-time operational decisionmaking process in which fishery
agencies ensure that applicable biological performance measures are achieved in a timely manner with
respect to water system operations. [Id. § 85321 (emphasis added).]

The Authorized Entity Group’s veto authority over changes to the biological objectives, conservation measures,
and adaptive management strategies means that the fish and wildlife agencies would not have the power to
ensure that the biological measures will be achieved. The draft Plan therefore violates this statutory mandate,
and the CDFW and the Delta Stewardship Council consequently would likely be precluded from incorporating
the BDCP into the Delta Plan.
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"will involve the same process that was required for the original approval of the
BDCP"--i.e., approval of both the Authorized Entities and the Permit Oversight
Group (BDCP 6-47).°

Regulatory Assurances and the “No Surprises” Policy

Introduction

The draft Plan proposes to create two types of “regulatory assurances.” First, it
seeks to eliminate the uncertainties associated with consultation under section 7 of
the federal Endangered Species Act for coordinated CVP and SWP operations by
stipulating that future biological opinions shall be consistent with the terms and
conditions of the BDCP. Second, it offers “no surprises” guarantees both for
deviations between the biological opinions and the BDCP and for future changes to
the BDCP itself. In addition, the draft Plan places difficult scientific, legal, and
political burdens on the state and federal governments’ power to terminate the
incidental take permits and to rescind the BDCP.

In our judgment, these regulatory assurances compound the risks described in the
preceding section because they severely constrain the fish and wildlife agencies’
ability to respond to inadequacies in the biological objectives, conservation
measures, and other adaptive management strategies—even apart from the veto
authority that the draft Plan vests in the Authorized Entity Group.

Section 7 Consultation and the BDCP

According to the draft Plan, once the facilities authorized by the BDCP are
constructed, the Plan will largely displace the existing section 7 consultation
requirements applicable to coordinated CVP and SWP operations: “On the basis of
the BDCP and the companion biological assessment, it is expected that USFWS and
NMFS will issue a new joint biological opinion (BiOp) that would supersede BiOps
existing at that time as they relate to SWP and CVP actions addressed by the BDCP”
(BDCP 4-2). The draft Plan then requires that the new biological opinion (as well as
any subsequent biological opinions issued during the 50-year term of the BDCP) be
consistent with the terms and conditions of the BDCP itself:

The BDCP is intended to meet the requirements of the ESA and provide the basis
for regulatory coverage for a range of activities identified in the Plan....

9 The draft Plan also provides that, "[i]n most cases, an amendment will require public review and comment,
CEQA and NEPA compliance, and intra-Service Section 7 consultation," and it requires the fish and wildlife
agencies to use "reasonable efforts to process proposed amendments within 180 days." BDCP 6-47. 180 days is
probably insufficient time, however, to allow for section 7 consultation, internal agency analysis of the effects of
proposed formal amendments on listed species and their habitat, and the drafting, public review, and
completion of a new or supplemental EIS/EIR.

It is also worth noting that even this limited “bilateral” approval process for structural amendments to the
BDCP may not be consistent with federal law. The ESA rules provide that all incidental take permits “are
issued subject to the condition that the National Marine Fisheries Service reserves the right to amend the
provisions of a permit for just cause at any time during its term.” 50 C.F.R. § 222.306(c).
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Unless otherwise required by law or regulation, in any Section 7 consultation
related to a covered activity or associated federal action and covered species,
USFWS and NMFS will each ensure that the resulting BiOps are consistent with
the integrated BiOp for the BDCP (BDCP 6-44).

We do not necessarily object to this consistency directive. An important goal of the
BDCP is to provide all parties—especially the Authorized Entities—with a measure
of regulatory and operational certainty that will enable them both to invest in the
new facilities and to make water management decisions in their respective service
areas in reliance on water deliveries from the CVP and SWP. To the extent that
future section 7 consultations conform to the terms of the BDCP, that certainty is
enhanced. We also note the first clause of the second sentence quoted above, which
expressly reserves the authority of USFWS and NMFS to issue biological opinions
that depart from the terms of the BDCP if necessary to comply with the governing
law. This law, of course, includes section 7(a)(2) of the federal ESA, which requires
all consulting agencies to ensure that their actions are “not likely to jeopardize the
continued existence of any endangered species or threatened species or result in the
destruction or adverse modification of [critical] habitat.” 16 U.S.C. § 1536(a)(2).

We do believe, however, that the proposal to substitute the BDCP for section 7
consultation as the principal means of applying the federal Endangered Species Act
to the CVP, SWP, and other Authorized Entities reinforces our recommendations
from the preceding section—viz. that the Permit Oversight Group must maintain the
independent regulatory prerogatives that the fish and wildlife agencies currently
possess and must have authority to approve or to deny proposed changes in the
biological objectives, conservation measures, and other terms and conditions of the
BDCP as required to protect and recover the species covered by the Plan. Our
support for the biological opinion/BDCP consistency directive should be read with
this caveat.

“No Surprises”

The draft Plan contains two “no surprises” guarantees. The first applies to changes
in coordinated CVP and SWP operations or water supply capabilities that may be
required by future biological opinions that do not conform to the BDCP. The second
is a more general “no surprises” commitment that protects the Authorized Entities
from certain changes to the BDCP itself10.

According to the draft Plan, “Ecological conditions in the Delta are likely to change
as a result of future events and circumstances that may occur during the course of
the implementation of the BDCP” (BDCP 6-30). The draft then lists seven “Changed
Circumstances Related to the BDCP”—Ilevee failures, flooding, new species listings,
wildfire, toxic or hazardous spills, nonnative invasive species, and climate change
(BDCP 6-31). For each of these “reasonably foreseeable” changes, the draft Plan
describes the “planned responses” that BDCP administrators will undertake (BDCP

10 As noted in chapter 2, USBR is not covered by the “no surprises” assurance. BDCP 6-29.
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6-31 to 6-42).11 The draft Plan states that the responses “have been designed to be
practical and roughly proportional to the impacts of covered activities on covered
species and natural communities, yet sufficient to effectively address such events”
(BDCP 6-30). The BDCP budget will include funds to cover the costs of
implementing some of the planned responses to “reasonably foreseeable” changed
circumstances (BDCP 6-30).12

The draft Plan also recognizes that “unforeseen circumstances” may require changes
to the biological objectives, conservation measures, adaptive management strategies,
or the terms and conditions of the BDCP itself. It defines unforeseen circumstances
as “changes in circumstances that affect a species or geographic area covered by an
HCP that could not reasonably have been anticipated by the plan participants during
the development of the conservation plan, and that result in a substantial and
adverse change in the status of a covered species” (BDCP 6-42 citing 50 C.F.R.§ 17.3
& 50 C.F.R. § 222.102). The draft Plan contains a similar definition of “unforeseen
circumstances” under state law. These are “changes affecting one or more species,
habitat, natural community, or the geographic area covered by a conservation plan
that could not reasonably have been anticipated at the time of plan development,
and that result in a substantial adverse change in the status of one or more covered
species” (BDCP 6-43 citing California Fish & Game Code § 2805(k)).

The draft Plan then sets forth the following regulatory assurances under federal and
state law:

Under ESA regulations, if unforeseen circumstances arise during the life of
the BDCP, USFWS and/or NMFS may not require the commitment of
additional land or financial compensation, or additional restrictions on the
use of land, water, or other natural resources other than those agreed to in
the plan, unless the Authorized Entities consent (BDCP 6-42).

11 The Implementation Office is charged with identifying the onset of a changed circumstance, working with the
Permit Oversight Group to fashion a response, and for implementing and monitoring the responsive actions
(BDCP 6-31).

12 This funding process is described in Chapter 8 of the draft BDCP. See BDCP 8-60 to 8-64. The draft states
generally that, to “allow for the ability to respond to changed circumstances should they occur, the
Implementation Office should maintain a reserve fund for covering costs of changed circumstances” (BDCP 8-
61). The draft Plan explains that this is because “the risk of some changed circumstances—e.g., failure of levees
attached to tidal marsh and floodplain restoration—and cost of remedial measures increases as greater portions
of the conservation strategy are implemented.” Id.

The draft BDCP only includes levee failure and wildfire damage to preserved lands as possible “changed
circumstances for which responses are expected to result in additional implementation costs.” Id. It omits
“changed circumstances related to climate change, flooding, failure of water operations infrastructure, nonnative
invasive species, new species listings, and toxic or hazardous spills,” explaining that the response costs for these
are accounted for in the initial BDCP funding, will be paid by the state and federal governments under the “no
surprises” guarantees, or would be the responsibility of a third party. BDCP 8-61 to 8-62.
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In the event of unforeseen circumstances, CDFW will not require additional
land, water, or financial compensation or additional restrictions on the use of
land, water, or other natural resources without the consent of the plan
participants for a period of time specified in the Implementation Agreement
(BDCP 6-43).13

As noted above, for federal agencies that are subject to section 7 consultation
(including consultation for coordinated CVP/SWP operations), the draft Plan
contains an additional “no surprises” pledge if new biological opinions contain
operational or water supply restrictions that differ from those set forth in the BDCP:

Furthermore, USFWS and NMFS will not require additional land, water, or
other natural resources, or financial compensation or additional restrictions
on the use of land, water, or other natural resources regarding the
implementation of covered activities beyond the measures provided for
under the BDCP, the Implementing Agreement, the incidental take permits,
and the integrated BiOp (BDCP 6-44).

The purpose of these regulatory assurances is to exempt the Authorized Entities
from any of the costs of complying with the federal and state Endangered Species
Acts except as defined in (and funded pursuant to) the terms of the BDCP. These “no
surprises” guarantees therefore may place the financial burden of some future
changes to the BDCP and project operations exclusively on state and federal
taxpayers.

Although both federal Endangered Species Act regulations and the California
Natural Community Conservation Planning Act authorize “no surprises” guarantees,
we believe, given the uncertainties outlined in the previous chapters, that there is a
significant risk that the costs of compensating the projects and their contractors for
future “unforeseen” hydrologic, engineering, and operational changes will be
excessive. More importantly, we are concerned that the state and federal
governments’ assumption of liability may deter the fish and wildlife agencies from
making changes to future biological opinions or to the BDCP itself that the agencies
believe are necessary to protect and recover listed species. The following example
focusing on the “reasonably foreseeable” changed circumstance of climate change
illustrates our concerns.

The draft Plan defines climate change as “[IJong-term changes in sea level,
watershed hydrology, precipitation, temperature (air or water), or ocean conditions
that are of the magnitude or effect assumed for the effects analysis and that
adversely affect conservation strategy implementation or covered species are
considered a changed circumstance” (BDCP 6-41). It then provides that the

13 The draft Plan notes that, under California law, “such assurances are not applicable in those circumstances in
which CDFW determines that the plan is not being implemented in a manner consistent with the substantive
terms of the Implementation Agreement.” BDCP 6-43 (citing California Fish & Game Code § 2820(f)(2)).
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“occurrence of this changed circumstance will be determined jointly by the
Implementation Office and fish and wildlife agencies” (BDCP 6-41).14

According to the draft Plan, however, alterations in the ecosystem and threats to
listed species caused by climate change will not trigger any management or
regulatory responses beyond those set forth in the BDCP. “Because the BDCP
already anticipates the effects of climate change, no additional actions will be
required to remediate climate change effects on covered species and natural
communities in the reserve system” (BDCP 6-41). Rather, the Adaptive
Management Team will monitor these changes and the Implementation Office will
“continually adjust conservation measures to the changing conditions in the Plan
Area as part of the adaptive management program” (BDCP 6-42).

The draft Plan also states that all responses to climate change “will be made as part
of the adaptive management and monitoring program. Measures beyond those
contemplated by the adaptive management and monitoring program are not likely
to be necessary because the conservation strategy was designed to anticipate a
reasonable worst-case scenario of climate change. A change in conservation
measures in response to climate change beyond that considered in Chapter 3,
Conservation Strategy, and through the adaptive management and monitoring
program is considered an unforeseen circumstance.” (BDCP 6-42: emphasis added).

There are two serious problems with this changed circumstances strategy:

First, although the “biological goals and objectives [of the BDCP] have been
established at the landscape level to take climate change into account during
conservation strategy implementation,” and the “conservation strategy, monitoring
and research program, and adaptive management and monitoring program already
include responses to anticipate climate change effects at the landscape, natural
community, and species scales” (BDCP 6-42), the draft Plan correctly anticipates
that the biological objectives, conservation measures, and other adaptive
management strategies are likely to be modified over time as required to respond to
the changed conditions brought about by climate change. Yet, as described
previously, all such modifications are subject to approval by the Authorized Entities
(BDCP 6-46). The fish and wildlife agencies consequently lack independent
authority to determine the appropriate policy and management responses to
climate change, even within the confines of the defined responses set forth in
Chapter 3 of the BDCP.

Second, changes in conservation measures that differ from the defined responses
are “unforeseen circumstances,” which trigger the “no surprises” guarantee. Again,
while the draft Plan anticipates a broad array of ecological changes likely to be
caused by climate change, and lays out a detailed set of programmatic responses, it
is folly to believe that the BDCP scientists and negotiators have correctly identified

14 We reiterate here the problems that we identified in the preceding section: conflation of the fish and wildlife
agencies’ regulatory and programmatic roles and the granting of an effective veto to the regulated entities
through the Implementation Office.
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all of the hydrologic changes, biotic responses, and risks to the ecosystem that will
in fact occur over time. As one recent interdisciplinary study of California water
policy emphasized:

New approaches to ecosystem management under changing conditions will
require continued, large-scale experimentation aided by computer modeling.
This task is complex, because experiments, especially on a large scale, often
yield ambiguous results. Also, as with hydrology, the past is not always a
good predictor of the future with many ecosystems. Linking human and
natural systems, combined with changes in climate and influxes of alien
species, creates novel, dynamic ecosystems with no historical analog. Thus,
efforts to restore ecosystem functions and attributes involve hitting a moving,
only partially visible target. Finally, ecosystem changes are often nonlinear
and interrelated. Declines in habitat quality or abundance reduce ecosystem
resiliency, with the result that even small changes in conditions can lead to
abrupt system collapse and reorganization to a new state. Such thresholds or
tipping points are difficult to predict. Taken together, these factors suggest
that efforts to improve conditions for California’s native aquatic species will
necessarily involve trial and error, and that success is far from guaranteed.

* %k ok

The difficulty is compounded by the high uncertainty of success for specific
actions, given ecosystem complexity, gaps in knowledge of how to
manipulate many key processes, and, most important, continuing change in
climate, invasive species, and other conditions in California. As a result, a
flow regime or water quality target that seems adequate today may not
provide the same services in 20 to 30 years. Aiming at a moving target in semi-
darkness means that there will be many misses. (From: Hanak et al., 2011:
emphasis added).

The potential consequences of the “no surprises” guarantee in this context are
troubling. Fisheries biologists generally agree that diminished seasonal outflow and
warming water temperatures place several listed species at risk of extinction (see
Cloern et al, 2011; Moyle et al., 2013). The projects that would be authorized by the
BDCP should reduce some of the sources of stress on these species by reducing
entrainment and predation and by creating substitute habitat, but they will not
address several other important stressors such as diminished summer and fall
outflow and rising water temperatures. Therefore, sometime during the 50-year
term of the BDCP, it may be necessary to construct additional upriver storage (e.g.,
by increasing the capacity of Shasta Reservoir) to enable more sustained cold-water
releases to protect salmon spawning and out-migration.

Yet, under the draft Plan, this action would constitute an “unforeseen circumstance,”
because it falls outside the defined responses to climate change set forth in the
BDCP. The consequence would be that the state and federal taxpayers would have
to bear all of the costs of constructing and operating the new or expanded storage,
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even though the fish and wildlife agencies determined that this action is needed to
protect one or more listed species from extinction (while maintaining reservoir
releases and exports at the levels and timing authorized by the BDCP).

Alternatively, if funding were not available to construct the new storage capacity,
and the fish and wildlife agencies made jeopardy findings and issued new biological
opinions that altered reservoir release requirements in a manner that reduced
water supply or export capacity, the state and federal governments would have to
compensate the Authorized Entities for the value of the lost water or the cost of
replacement supplies.1>

For these reasons, we do not believe that the 50-year “no surprises” guarantees are
wise or prudent policy. We understand that the Authorized Entities seek to protect
their capital investment and obtain maximum security of their water service
capabilities, and that a relatively fixed set of biological objectives, conservation
measures, and operational constraints help to achieve these goals (BDCP 1-26). But
a 50-year commitment is ill-advised in an ecosystem as complex, variable, and
scientifically inscrutable as the Delta. As our colleague Peter Moyle has observed, in
the Delta Ecosystem, “[o]ver-negotiation of details in advance is unlikely to enable
adequate responsiveness and flexibility” and “even the most well-informed,
scientifically based management will encounter surprises and make mistakes”
(From Moyle etal., 2012).

The parties to the BDCP negotiations therefore should consider separate “no
surprises” guarantees—one governing construction of the BDCP projects, and a
series of operational “no surprises” commitments that would be reevaluated every

15 During the July 23, 2013, meeting with DWR Director Mark Cowin and CDFW Director Chuck Bonham,
Director Cowin stated that it was not the parties’ intent to apply the “no surprises” policy to actions taken
outside the plan area that may be required to address the effects of climate warming or other changed
conditions on listed species. Although we were pleased to learn this, we retain the concerns described in the
text for two reasons: First, the draft Plan does not state that new infrastructure or operational changes needed
to ensure the survival of species covered by the BDCP are exempt from the “no surprises” guarantee if they are
located outside the plan area. Rather, the draft links CVP and SWP facilities and water supply operations
upstream of the plan area to the conservation measures that may be required to protect covered species and
their downstream habitat (BDCP 1-20). Without an explicit limitation on the “no surprises” guarantee to new,
“unforeseen” conservation measures undertaken within the plan area, we believe that there is an unacceptable
risk that the Authorized Entities could raise a plausible claim that the “no surprises” policy exempts them from
liability for new facilities and operational changes upstream of the plan area that are needed to protect covered
species within the plan area.

Second, the draft Plan expressly extends the “no surprises” assurance for future section 7 consultations over
new facilities and other changes in CVP operations that are outside the plan area and not part of the BDCP
covered activities. The draft Plan stipulates that “USFWS and NMFS will further ensure that the terms of any
BiOp issued in connection with projects that are independent of the covered activities and associated federal
actions do not create or result in any additional obligation, cost, or expense to the Authorized Entities” (BDCP 6-
44).

If the parties to the BDCP negotiations do not intend for the “no surprises” guarantee to cover new construction
and project operational changes outside the plan area, then they should revise the draft Plan to say so explicitly
and clearly. We also recommend that the sentence quoted above, which exempts the Authorized Entities from
all costs associated with section 7 consultations to project facilities and operations other than BDCP covered
activities be deleted.
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ten years based on current information on the appropriateness of the biological

objectives, the success or failure of the conservation measures, species survival and
recovery, overall ecosystem health, climate change, invasive species, discharges, the
effects of authorized project operations, other stressors, and regulatory compliance.

We have chosen ten years for the recommended length of renewable “no surprises”
assurances because a ten-year period is likely to include a variety of different types
of water years and thus will be sufficiently lengthy to enable BDCP managers and
regulators to evaluate how well the biological objectives and conservation measures
perform across a spectrum of hydrologic conditions. At the same time, ten years is
short enough to minimize the risk that the terms and conditions of the BDCP
become antiquated and ineffective in light of the inevitable and unpredictable
changes to the ecosystem. Indeed, a series of renewable ten-year “no surprises”
guarantees could create a constructive incentive for the parties to the BDCP to
monitor progress and achievement of the biological objectives and conservation
measures and to make adaptive management changes as required to sustain and
recover the covered species and their habitat.16

Revocation of Incidental Take Permits and the BDCP

Many of our concerns about the rigidities of the draft Plan and the scope and length
of the regulatory assurances would be lessened if there were an effective means of
revoking the incidental take permits and thus rescinding the BDCP. But there is not.

As described in the draft Plan, the “Permit Revocation Rule,” adopted in 2004,
allows the federal fish and wildlife agencies “to nullify regulatory assurances
granted under the No Surprises rule and revoke the Section 10 permit only in
specified instances, including where continuation of a permitted activity would
jeopardize the continued existence of a species covered by an HCP and the impact of
the permitted activity on the species has not been remedied in a timely manner”
(BDCP 6-48: quoting 69 Fed. Reg. 7172 (Dec. 10, 2004)). The draft Plan states,

16 There is nothing in federal or state law that requires that the term of a “no surprises” guarantee be
coextensive with the term of the HCP/NCCP. Indeed, the California Natural Communities Conservation Planning
Act requires that the duration of all regulatory assurances be based on a careful assessment of the limits of
scientific understanding of the covered species and their habitat. California Fish & Game Code § 2820(f) states
that the CDFW’s “determination of the level of assurances and the time limits specified in the implementation
agreement for assurances may be based on localized conditions and shall consider”:

(A) The level of knowledge of the status of the covered species and natural communities.

(B) The adequacy of analysis of the impact of take on covered species.

(C) The use of the best available science to make assessments about the impacts of take, the reliability
of mitigation strategies, and the appropriateness of monitoring techniques.

(D) The appropriateness of the size and duration of the plan with respect to quality and amount of data.

* %k %k

(H) The size and duration of the plan.
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however, that the “USFWS or NMFS will begin the revocation process only if it is
determined that the continuation of a covered activity will appreciably reduce the
likelihood of survival and recovery of one or more covered species and that no
remedy [other than revocation] can be found and implemented” (BDCP 6-49).

Similarly, under the California Natural Communities Conservation Planning Act, the
Department of Fish and Wildlife may revoke the state incidental take permit “if
necessary to avoid jeopardizing the continued existence of a listed species” (BDCP 6-
49: citing California Fish & Game Code § 2820(c)).1” The federal and state fish and
wildlife agencies also may revoke the permits if the Authorized Entities fail to fulfill
their obligations under the BDCP, but only following the dispute resolution process
set forth in the Implementing Agreement and “providing the Implementation Office
and Authorized Entities with a reasonable opportunity to take appropriate
responsive action” (BDCP 6-49).

Before the fish and wildlife agencies may revoke the incidental permits, they must
follow a variety of procedures and substantive standards. These include
determining, in concert with the Implementation Office, “whether changes can be
made to the conservation strategy to remedy the situation” and whether “there are
additional voluntary implementation actions that the Authorized Entities could
undertake to remedy the situation.”

More importantly, the draft Plan also requires the federal fish and wildlife agencies
to determine whether they or some other agencies can take actions to ensure the
survival of the listed species, rather than imposing such burdens on the parties to
the Authorized Entities:

The USFWS or NMFS will determine whether the fish and wildlife agencies or
other state and federal agencies can undertake actions that will remedy the
situation. The determination must be based on a thorough review of best
available practices considering species population status and the effects of
multiple federal and nonfederal actions. It is recognized that the fish and
wildlife agencies have available a wide array of authorities and resources that
can be used to provide additional protection for the species, as do other state
and federal agencies (BDCP 6-48 & 6-50: emphasis added).

The draft Plan thus makes it difficult for the fish and wildlife agencies to revoke the
incidental take permits if the biological objectives, conservation measures, and
adaptive management changes do not achieve their primary goal of protecting and
recovering the listed species. Procedural and substantive rigor is not in and of itself

17 Section 2820(c) actually addresses a more limited violation of the terms of an NCCP, providing for suspension
or revocation if a plan participant fails to “maintain the proportionality between take and conservation
measures specified in the implementation agreement and does not either cure the default within 45 days or
enter into an agreement with the department within 45 days to expeditiously cure the default.” California Fish &
Game Code § 2820(c). The more general revocation standard is set forth in section 2820(b)(3)(A)-(D) of the Act.
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reason to doubt this last line of defense against extinction. But two additional facts
lead us to the conclusion that permit revocation is not likely to be a credible means
of ensuring the survival of the species if the BDCP fails its most essential task.

First, neither the federal fish and wildlife agencies nor the California Department of
Fish and Wildlife have ever revoked an incidental take permit. Indeed, there is only
one case in which a federal incidental take permit has been suspended, and that was
for the permittee’s violation of the terms and conditions of the habitat conservation
plan, rather than because of changes in ecological conditions or the permittee’s
failure to agree to amendments to the biological objectives and conservation
measures!8. Revocation of the incidental take permits covered by the BCDP
therefore would be an unprecedented event.

Second, a decision to revoke the incidental take permits would not be simply a
scientific determination that the BDCP—as written today and implemented at some
future date during its 50-year existence—is not adequate to ensure the conservation
and recovery of the listed species. Although the BDCP assigns the authority to
revoke the state incidental take permit to the Director of the California Department
of Fish and Wildlife (BDCP 6-50), it stipulates that “[a]ny decision to revoke one or
both federal permits must be in writing and must be signed by the Secretary of the
Interior or the Secretary of Commerce, as the case may warrant” (BDCP 6-49).1° In
our judgment, this poses an undue risk that the revocation decision would be based
on science and political considerations. Indeed, there would seem to be no other
purpose for elevating the revocation authority from the fish and wildlife agencies to
the two Cabinet-level Secretaries.

For these reasons, we do not believe that the state and federal authority to revoke
the incidental take permits compensates for the deficiencies in the draft BDCP
described above.

Conclusion

We conclude that governance structure set forth in the draft BDCP is neither
“transparent [nor] resilient to political and special interest influence.” The draft
undermines the authority of the federal and state fish and wildlife agencies both by
assigning them program responsibilities and by granting the Authorized Entities
veto power over changes to the biological objectives, conservation measures, and
adaptive management strategies that may be needed to ensure that the Plan
achieves its stated goals. To address this deficiency, we recommend that the BDCP
be revised to remove the Permit Oversight Group from program decisionmaking and
to clarify the regulatory authority of the fish and wildlife agencies both within the
BDCP and in their independent roles as principal regulators under the federal and

18 gee U.S. Fish and Wildlife Service Letter to Victor Gonzales, President of WindMar Renewable Energy, Feb. 2,
2012 (decision of partial suspension of incidental take permit).

19 This would change the process for permit revocation set forth in the federal ESA rules, which vest
revocation authority in the Director of the U.S. Fish and Wildlife Service. 50 C.F.R. § 17.22(b)(7).
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state Endangered Species Acts and the California Natural Community Conservation
Planning Act.

We also believe that the regulatory assurances contained in the draft Plan
jeopardize the ability of the fish and wildlife agencies to respond to changed
conditions that may require future revisions to the biological objectives and
conservation measures of the BDCP. The “no surprises” guarantees—by which the
state and federal governments would assume the financial costs of new
infrastructure and regulatory changes in CVP/SWP operations needed to address
the effects changed circumstances not provided for in the BDCP—are especially
troubling. To address this problem, we recommend that the proposed 50-year “no
surprises” guarantees be converted into a series of renewable guarantees—the first
to cover construction of the projects authorized by the BDCP and the successors to
cover project operations for sequential ten-year periods.

Finally, although the fish and wildlife agencies retain the authority to revoke the
incidental take permits—and thus to rescind the BDCP—if necessary to avoid
jeopardizing any listed species, the draft Plan makes it difficult to do so by requiring
the federal agencies to take action against other stressors on the species before
determine that it is necessary to revoking the permits. The draft also removes the
revocation decision from the federal agencies themselves and places it with the
Cabinet-level Secretaries in whose Department the fish and wildlife agencies are
located. We believe that these heightened substantive and procedural requirements
reduce the likelihood that permit revocation would serve as an effective backstop in
the event that the BDCP fails to achieve its overriding purposes of ensuring the
survival and contributing to the recovery of the species. Indeed, these limitations on
permit revocation strengthen our conclusions that the governance problems
described throughout this chapter be repaired so that the fish and wildlife agencies
retain the authority to insist on changes to the biological objectives and
conservation measures of the BDCP as required to achieve species conservation and
recovery.
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CHAPTER 9: SCIENCE AND ADAPTIVE
MANAGEMENT IN BDCP

Introduction

From the outset BDCP makes it clear that it will be science-based and adhere to the
principles of adaptive management. The plan recognizes that all 22 conservation
measures that are designed to meet the plan goals and objectives face high levels of
uncertainty and that measures used to implement them will inevitably require
adjustment and refinement. Indeed, given the unprecedented complexity of BDCP, it
will most certainly fail without substantial investments in a program of science and
monitoring linked to a robust adaptive management program that allows it to
change course.

At the time of this review, the science and adaptive management component of
BDCP was, by the project proponents’ own admission, a work in progress with many
of the key elements yet to be determined. We briefly review here the available
information with the understanding that these elements are likely to change,
possibly considerably, before the public draft is released.

Adaptive Management Program

The plan documents recognize that BDCP is compelled to adhere to an array of
standards for adaptive management of the program (summarized in Chapter 3 of
BDCP). This includes requirements of USFWS and NMFS five-point policy on
adaptive management (65 Fed. Reg. 35241-35257), NCCPA requirements for
monitoring and adaptive management programs (Fish & Game Code § 2820(a)(7) &
(8), and the requirements of the Delta Reform Act for science-based adaptive

management of all ecosystem and water management programs in the Delta (Water
Code § 85308(f)).

The BDCP documents describe the well-known adaptive management cycle
involving: plan, where management problems are recognized leading up to a plan of
action to test management actions, do, where plans are implemented, accompanied
by monitoring, and evaluate, where monitoring information is evaluated to measure
effectiveness, and information learned initiates anew the planning portion of the
cycle. As described in BDCP, the conceptual approach to adaptive management is
closely aligned to the approach codified in the Delta Plan and the draft Delta Science
Plan.

Governance and Implementation of Adaptive Management

BDCP envisions that its adaptive management program will be organized and run by
its Implementation Office. The office will be run by a Program Manager who will be
hired by the Authorized Entity Group (AEG). The AEG will be made up of DWR,
Reclamation, and the state and federal water contractors. The Program Manager
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selects and supervises a Science Manager, who takes on the responsibilities of
running the adaptive management programs and coordinating, in unspecified ways,
all science and monitoring activities.

The Science Manager will chair and manage an Adaptive Management Team (AMT)
made up of a broad array of regulators, regulated entities, and science programs.
These include representatives appointed by members of the AEG, the Permit
Oversight Group (POG: CDFW, USFWS, NMFS), the Interagency Ecological Program
(IEP), Delta Science Program (DSP), and NOAA Southwest Fisheries Science Center.
This group will receive input from a Technical Facilitation Subgroup, part of a
Stakeholder Council made up of multiple of stakeholder groups, regulated entities,
and regulating entities.

The AMT, led by the Science Manager, will have the responsibility for designing,
administering and evaluating the BDCP adaptive management program, including
the development of performance measures, monitoring and research plans,
synthesis of data, solicitation of independent review, and developing proposals to
modify biological goals and objectives as well as conservations measures.

The AMT is to operate by consensus only, meaning all members must agree to all
actions. Where consensus cannot be reached the matter is elevated to the AEG and
POG for resolution. As a matter of course, all changes in conservation measures and
biological goals and objectives must be approved by the POG and AEG. The entity
responsible for decisionmaking (for example, NMFS regarding changes in biological
goals and objectives for salmon) will decide the issue. However, as discussed in
Chapter 8, any member of the AEG or POG may request review of the decision at the
highest level of the relevant federal department or state, up to the appropriate
department secretary or the Governor of California (BDCP Chapter 7, Section 7.1.7).

An essential goal of the adaptive management program—seeking consensus for all
decisions from all regulated and regulating entities as well as key providers of
science—is understandable and, if it could be achieved, laudable. However, for
several reasons this is unlikely to be successful.

First, as discussed in Chapter 8, this structure confuses the roles of regulators and
regulated entities. It gives exceptional decision power to regulated entities,
particularly those with a great financial stake in outcomes (state and federal water
contractors). We are skeptical that difficult, perhaps costly decisions could be
achieved in an efficient and effective manner since any member of the AEG or POG
can, in effect, elevate any decision, no matter how trivial, to the highest levels of
government. This is likely to have a chilling effect on decisionmaking, making all
parties cautious and risk-averse. These traits—caution and fear of taking risks—are
antithetical to the principles of adaptive management by which all management
decisions are viewed as experimental and inherently risky. The most likely outcome
from this approach to governance of adaptive management is that preliminary
decisions made during the initial phases of the plan are, through sheer inertia, likely
to remain permanent, rendering the concept of adaptive management moot.
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Second, the AMT is made up of a mix of regulators, regulated entities, and scientific
providers such as [EP and DSP. This places the science providers in the position of
being decisionmakers, creating clear conflicts of interest. Most importantly, as
discussed below, this eliminates one of the most important aspects of science in
support of adaptive management: scientific independence.

Adaptive Capacity

The AMT, with approval from the POG, AEG or higher federal and state authorities,
will oversee implementation of the adaptive management program, presumably
through the Science Manager. A central issue likely to arise when finalizing BDCP is
the adaptive flexibility available. All such programs have a natural tension between
wanting to provide assurances—such as how much water will be exported from the
Delta—and needing flexibility in amount and timing of exports to test and
implement adaptive management programs. The current BDCP documents offer
little to no guidance on adaptive capacity. This is likely to play a major role in how
adjustments are made in conservation measures and, more importantly, how real-
time operations (an element of adaptive management) are implemented. BDCP has
sought to defer this decision, both within the document and to its Decision Tree
process (discussed below).

Science Program

Science should underpin the discussions and information needed to make and
implement adaptive management decisions. The extensive literature on adaptive
management cites a strong, well-funded, and well-organized science and monitoring
program as essential for adaptive management. The BDCP documents do not
provide extensive information about science to support adaptive management,
other than a solid commitment to build and support a strong science program and,
in the EIR/EIS, a significant funding commitment. As currently described, the
science program would be run by the Science Manager under the direction of the
Program Manager and the AEG. The role of the science manager would be to fund
an array of activities, guide synthesis and analysis, and coordinate with the
numerous public and private institutions working on the Delta. Beyond this, there
are few specifics.

BDCP’s current efforts on science have come in for extensive criticism from several
entities, including the National Research Council (2012), the Delta Independent
Science Board (Memo to Delta Stewardship Council dated May 20, 2013) and the
Public Policy Institute of California (Hanak et al., 2013, Gray et al., 2013). To be fair,
the project proponents recognize that the BDCP science program is a work in
progress and likely to change before the public draft of the plan is released.
However, several significant issues will need to be resolved:

* Integration: the National Research Council in its review of Delta science was
highly critical of the lack of integration of scientific efforts in the Delta. The
NRC and others have pointed out that coordination is less effective than
integration. BDCP is a once-in-a-generation opportunity to reorganize
science in the Delta to make it more integrated and more effective for

101



BDCP1672.

addressing the major issues of the day. As structured, BDCP builds a new
stand-alone science program that seeks to coordinate with other programs,
such as [EP and DSP, rather than to integrate them. This is unlikely to prove
successful.

* Independence: as noted above, the AMT blurs the distinction among decision-
makers, regulated entities, and the providers of science and technical advice.
In addition, the BDCP science program is, in effect, run by the regulated
entities and lacks independence. This creates the potential for bias in the
selection of what science gets funded and what is ultimately made available
to the public. Given that most major disputes in the Delta come down to
differences of opinion in court about the best available science,
demonstrating scientific integrity and transparency should be the highest
priority.

* OQversight: as currently structured, there is no independent oversight of the
BDCP science program. There is a commitment to promoting peer-review of
scientific work products and plans. In addition, there is mention of
coordinating with the existing DSP and the Delta Independent Science Board.
But oversight, which is essential for creating public assurances that the best
available science is being utilized in decision-making, is currently absent
from the plan.

* Funding: science is expensive, and for a program this large and complex, it is
likely to be very expensive. There are no discussions regarding budget in the
BDCP plan documents. However, in the administrative draft EIR/EIS there
are substantial commitments to funding a science program. There are
categories of funding (monitoring, research, etc.), but little information as to
how it would be distributed, organized and administered. Still, this level of
commitment is significant and necessary.

To be effective, during revision of the plan documents, BDCP will have to address
the considerable weaknesses in science governance, integration with other
programs, independence and transparency, oversight and funding. Notably, there is
a parallel process underway, led by the DSC, to develop a comprehensive plan for
science in the Delta. This “One Delta, One Science” effort is essential for the success
of BDCP. It seems to us that BDCP’s science effort should be fully integrated with
the Delta Science Plan, if not led by the DSP. However, to date, BDCP has had limited
involvement with this planning process.

Decision Tree

Earlier chapters of this review note that most controversial decisions, or decisions
with high scientific uncertainty, are proposed to be resolved through adaptive
management (i.e., deferred). One of the most important decisions will involve initial
operations of the dual export facilities approximately ten years after issuance of the
HCP/NCCP permit. The operations are to be based on the best available science on
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how to meet the co-equal goals of ecosystem benefit and water supply, with the goal
of meeting the HCP/NCCP conservation standards.

A fundamental tension exists between two competing hypotheses regarding BDCP.
The first, controlling hypothesis is that better management of existing export
volumes with the dual facility, coupled with significant investments in floodplain,
channel margin, and tidal marsh habitat to improve food webs, will improve
conditions for covered species sufficiently to meet the HCP/NCCP standards. The
second, embedded within the agency red flag comments and “progress reports”, is
that these steps are insufficient and that lower exports (higher outflow) will be
needed to meet these standards. This issue is a paramount concern since it directly
affects the economic viability of water supplied from the project.

As part of CM#1, BDCP will use a decision tree to address initial starting operations.
As a starting point, BDCP embodies the two competing hypotheses in the LOS and
HOS operating criteria, viewing them as brackets on the potential range of
operations. The goal of the decision tree is to conduct a series of detailed studies
and experiments to develop specific flow criteria, particularly for spring outflow
(longfin smelt) and Fall X2 (delta smelt), in the decade before operation of the
export facility begins.

The decision tree is the first, and probably most important, element of the BDCP
adaptive management program. Much of the success of the adaptive management
program will be tied to this element, since the original adaptive management and
science infrastructure will presumably be built around addressing the competing
hypotheses.

The decision tree approach to addressing starting operations is, in our view,
laudable and appropriate. It makes no sense to wait until all uncertainties over this
issue are resolved (a course of action proposed by diverse stakeholder groups).
Experience says this issue will never be resolved to everyone’s satisfaction and will
require constant (and contentious) adaptive management. This is a necessary and
appropriate step. Regrettably, there is little information given in the BDCP
documents about how the decision tree would be implemented, including who
would fund it, how it would be structured, how decisions would be made, what
science experiments would be conducted, etc. The lack of detail about the decision
tree in the BDCP documents raises several key concerns:

* [t takes time to develop and implement a large, complex scientific
undertaking of the kind envisioned by the decision tree approach. The POD
crisis in the mid-2000’s and the mobilization of the scientific community to
address it is an example of a successful approach. But that still took
considerable time and many issues addressed by the POD effort remain
unresolved.

* To inform the potential placement and design of habitat restoration efforts
to support food webs, new approaches to numerical modeling will be
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needed that better represent how these habitats function. Finding and
funding the technical teams for this kind of work will take time and
resources. A particular concern is whether contracting will be run through
existing state and federal agencies who are notoriously slow at developing
contracts.

* In addition, field experiments will be needed to inform and calibrate these
models. This involves identifying locations to conduct experiments,
modeling and designing actions, acquiring land or easements, implementing
pre-project monitoring programs, implementing actions, monitoring
responses, and incorporating results into system models. All of these
actions take time and resources, but as is well-known by anyone working on
ecosystem restoration in the Delta, the rate-limiting step is inevitably the

length of time it takes to secure permits (see recent review in Hanak et al,,
2013).

* Because any decision made regarding flow and habitat will have multiple,
competing constituencies and regulatory interests, an extensive and often
contentious public engagement effort will be needed. The history of the
Delta suggests that all such significant decisions are litigated, further
slowing this process.

These four concerns, as well as others, make us skeptical that the decision tree is
likely to achieve the goal of resolving operations issues within a 10 to 15 year time
period. We cannot say with certainty that it will not be successful. A committed,
well-funded, well-managed effort on the part of all parties may yield useful
conclusions. However, given that this is the less likely outcome, it seems imperative
that BDCP negotiate export operations criteria that, in the absence of a successful
decision tree process, will be implemented at the start of the project.

Our work in previous chapters has cast doubt on the viability of the controlling
hypothesis that underpins BDCP. To this end, we think it prudent to, at minimum,
adopt the HOS operating criteria as the starting condition if the decision try fails to
identify operating procedures. In addition, if BDCP is truly committed to adaptive
management and the use of best available science, it is not appropriate to set
artificial boundaries—HOS and LOS—on the decision tree process. It is our view
that the decision tree research effort should seek to define best operating
procedures rather than being forced to operate within the HOS and LOS range.
There is a reasonable chance that the decision tree process may ultimately
determine that the HOS flow criteria are not protective enough.

Conclusion

The draft documentation provided by BDCP makes a strong commitment to the
principles of adaptive management supported by a robust science program. Given
the complexity of BDCP and the great scientific uncertainties underpinning many of
the central elements of BDCP, this is absolutely necessary for success. As currently
described, the BDCP adaptive management program either lacks sufficient
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information to be assessed or is unlikely to achieve its overall goals and objectives.
This stems from two basic problems:

* The adaptive management program has a confused and conflicting
governance structure that, in our view, is likely to inhibit adaptation
rather than promote it.

* There is insufficient information, beyond funding levels, to judge how the
science program might function and how the knowledge it generates
would be converted to action. The current information in the documents
indicates that the program lacks integration with existing programs,
scientific independence and transparency, and sufficient independent
oversight.

We recommend that BDCP seek substantive engagement (beyond “coordination”)
with the ongoing efforts by the DSC and the Delta Stewardship Council to develop a
Delta Science Plan. The goal should be to integrate BDCP science and adaptive
management into the broader science infrastructure of the Delta and not to
construct a new, stand-alone science organization. Additionally, BDCP needs to
revisit how adaptive management decisions are made, reallocating planning and
decisionmaking authorities.

The decision tree process that seeks to resolve issues over initial operating criteria
and habitat restoration investments is both appropriate and necessary.
Unfortunately only limited information is available about this program so we cannot
evaluate it. We are confident, however, that it is unlikely to resolve the major issues
over the trade-offs between flow and ecosystem investments. For this reason, in the
absence of resolution of decision tree process starting operations should be similar
to HOS criteria.

105



BDCP1672.

Chapter 10: Summary and
Recommendations

Introduction

We present a narrow review of aspects of BDCP that relate to conservation of
federally listed fishes. We identify both strengths and weaknesses of BDCP’s
conservation measures in its effort to balance water supply reliability with
ecosystem goals and objectives. Due to time and resource limits this review is
incomplete. We did not examine all issues associated with aquatic ecosystems. For
example, we did not evaluate habitat restoration on the San Joaquin River. Nor did
we evaluate conservation issues for all covered fishes, giving limited attention to
Sacramento splittail, San Joaquin steelhead, sturgeon and lamprey. Instead, we
focused on the conservation measures that affect winter-run and spring-run
Chinook salmon, delta smelt, and longfin smelt, because these measures are the
most controversial and have greatest impacts on water supply operations. We also
focused on a limited subset of the alternatives listed in BDCP documentation: the
Early Long Term conditions under a No-Action Alternative (NAA), Low Outflow
Scenario (LOS) and High Outlflow Scenario (HOS)!.

We summarize our findings on the six guiding questions identified in Chapter 1, plus
several recommendations sought by the NGOs after we began our work. These are
intended to help inform The Nature Conservancy and American Rivers in their
engagement efforts with BDCP. Where appropriate, we describe alternative
approaches that might be taken for BDCP to more effectively meet its goals. On
many issues we have no recommendations.

Question 1: Operations

Do operations of the dual facilities meet the broader goal of taking advantage of wet
and above average years for exports while reducing pressure on below average, dry
and critically dry years? What substantive changes in operations (and responses, see
below) are there both seasonally and interannually?

We analyzed the CALSIM data on export operations under NAA , HOS and LOS for
ELT conditions. We note that the modeling of flows under BDCP has three
compounding uncertainties: uncertainty over system understanding and future
conditions, model uncertainties associated with CALSIM, DSM2 and UnTrim, and
behavioral/regulatory uncertainty, where the model cannot fully capture
operational flexibility. For this reason, model outputs should be viewed as

1 NAAELT is the no-project alternative using the 2008, 2009 BiOps with high spring outflow, 2025 climate and
sea level conditions. LOS is with-project alternative with low fall and spring outflow, 2025 climate and sea level
conditions. HOS is with-project alternative with high spring and fall outflow standards, 2025 climate and sea
level conditions.
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approximations useful for comparing different scenarios rather than as a predictor
of future conditions. This issue influences all of our conclusions.

Based on our review we conclude:

* The array of existing and projected flow regulations significantly constrains
operations in BDCP. The assumed operational flexibility associated with new
North Delta facility is limited.

* HOS and LOS operations promote greater export during wet periods through
increased use of North Delta diversions during the winter and spring. During
dry and critical years, there is not much difference in average exports
compared to NAA. For this reason, BDCP generally fails to meet the broader
objective of reducing pressure on the Delta during dry periods.

* Insome dry periods regulatory controls on OMR flows and North Delta
diversions lead to significant increases in outflow and OMR flows over NAA.
These unexpected results are the consequence of stricter flow requirements
for HOS and LOS and operations being tied to previous water-year type in the
fall and early winter. We are unsure if the project would actually be operated
this way under these conditions.

*  We evaluated how NAA, HOS and LOS performed during extended droughts.
Of the three scenarios, HOS appears to be most protective of both supply and
ecosystems by reducing the frequency and duration of dead pool conditions
on Sacramento Valley reservoirs and assuring higher spring and fall outflows.

Recommendations: caution must be used in interpreting CALSIM model results
for both export and environmental performance of BDCP due to compounding
uncertainties. However, modeling results suggest that overall flow conditions
are improved over NAA.

Question 2: Impacts of North Delta Facility

Based on operations criteria, does the Plan properly identify ecological impacts likely
to occur adjacent to and in the bypass reach downstream of the new North Delta
diversion facilities? If there will be direct and indirect harm to listed species by the
facilities, does the Plan prescribe sufficient mitigation measures?

We reviewed the Conservation Measures and Effects Analysis of BDCP, including
supporting appendices to evaluate conditions upstream of the North Delta facility,
as well as near- and far-field effects of the facility itself. Our focus was on winter-
and spring-run Chinook salmon, rather than all covered species. Based on this
review we conclude:

* The BDCP consultants have appropriately identified the range of impacts on
listed salmon likely to be associated with the operations of the North Delta
facility. These include near-field effects such as impingement on intake
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screens and high predation losses at the facility, to far-field effects such as
reduced survivorship of juvenile salmon due to higher transit times and
redirection into the interior Delta. Using multiple modeling approaches, they
have created reasonable estimates of losses due to operation of the facility.

* Mitigation for take associated with the new facility includes restricting
diversion flows during initial pulse flows in the river, predator control, non-
physical barriers, real-time operations to protect outmigrants, and
modification of the Fremont Weir to divert fish onto the Yolo Bypass. With
the possible exception of benefits from Fremont Weir modifications the
uncertainties over mitigation actions are all high.

* We see high potential value in the Yolo Bypass for mitigating the effects of
North Delta diversions on juvenile salmon, particularly in drier conditions.
Therefore, existing adaptive management programs on the Bypass must be
supported, with accelerated pilot studies, monitoring and ecological
modeling, to ensure success of any modifications of the Bypass.

* Mitigation is hampered by the lack of a viable adaptive management plan or
real-time management plan in the current BDCP for the North Delta facility.
Still, even with these uncertainties, if managed well, fully implemented and
functioning as described in the plan, the actions appear to mitigate for losses
associated with the North Delta facilities.

* These mitigation efforts alone are unlikely to lead to significant increases in
salmon populations, and extinction risk remains high for winter- and spring-
run Chinook salmon, particularly during extended drought and warm periods
when reservoirs are low. However, reservoir management is not within the
scope of BDCP.

Recommendations: given the uncertainties over mitigation for the North Delta
facility, we recommend that all mitigation actions be evaluated and completed prior
to initiating operations the North Delta facility. Of highest priority is to bolster and
complete adaptive management activities in progress on the Yolo Bypass.
Additionally, we recommend establishing an adaptive management and real-time
management program with the capacity to conduct significant experiments in flow
management, predator control, and non-physical barrier implementation prior to
initiating facility operation. These should be conditions of the HCP/NCCP take
permit.

Question 3: In-Delta Conditions

Are changes in operations and points of diversion prescribed in the Plan sufficient to
significantly improve in-Delta conditions for covered species? The focus is on listed
species, including delta and longfin smelt, steelhead, winter and spring run Chinook,
and green sturgeon.
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We focused our analysis on in-Delta conditions that may affect delta smelt and
longfin smelt. We reviewed the effects analysis and supporting documentation and
conducted our own modeling based on CALSIM output. Based on this work we
conclude:

* The CALSIM output we used showed conditions that appeared anomalous
based on our understanding of how the system would actually be operated.
Although we have been assured that these conditions were logical
consequences of model design and operation to meet flow requirements, we
remain unconvinced that they reflect actual future operations under the
hydrologic conditions simulated. We therefore caution that the conclusions
below are contingent upon the actual operations of the system
resembling those in the model output. They are also contingent on the
biological models accurately reflecting responses of the species to flow
conditions.

* Roughly half of the export from the Delta will go through the North Delta
facility. In addition, OMR flow regulations are more restrictive (protective)
under HOS and LOS scenarios than NAA. Thus the incidence of positive OMR
flows rose from 11% under NAA to 16% under HOS and LOS conditions.
HOS and LOS are consistently more protective of smelt than NAA under
these modeling assumptions.

* OMR flow regulation under HOS and LOS for October through January is
governed by previous water year type. This leads to anomalously high
(positive) OMR flows and corresponding outflow during some dry periods,
creating apparent benefits for delta smelt. We are uncertain if this would
manifest in real operations.

* Entrainment results in fractional population losses of delta smelt that can be
calculated from modeled flow conditions. Based on these calculations, we
estimate that HOS and LOS reduced fractional population losses by half
compared to NAA. If actual operations were similar to the model results,
they would lead to significant decreases in entrainment.

* Estimates of relative differences in long-term survival percentages (not
predictions) showed a 19-fold increase for HOS and 11-fold increase for LOS
over NAA, albeit with large uncertainty. A difference of this magnitude over
the last 20 years would have reversed the decline of delta smelt in the 2000s.

* Increases in spring outflow are projected by the models to produce only a
very small increase in longfin smelt abundance index under HOS compared
to NAA, and a comparable decrease under LOS.

* Increases in fall outflow under HOS are projected to produce a small
increase in recruitment by the following summer, and under LOS a modest
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decrease, but because of high variability in the data used to make these
predictions, these values are very uncertain.

Recommendations: we remain uncertain about significant reduction in fractional
population losses of delta smelt under the new HOS and LOS operating criteria. We
recommend investment in resolving these uncertainties before operations are
finalized. If these relationships are supported, then operational rules need to be
refined to protect the benefits of these improvements over a broad range of
conditions.

Question 4: Benefits of Habitat Restoration

Are covered pelagic fish like longfin smelt and delta smelt likely to benefit from
restoration of floodplain and tidal marsh habitat at the scale proposed by the Plan?
Given the current state of knowledge, and assuming that all Plan commitments are
met, are these efforts likely to result in relaxed X2 and spring outflow standards?

A fundamental hypothesis embedded in the BDCP goals and objectives is that
improvements in physical habitat, particularly floodplain and tidal marsh, will
improve conditions for covered fishes. We focused our assessment on the
relationship between habitat restoration and longfin and delta smelt. Based on this
analysis we conclude:

* BDCP correctly identifies food limitation as a significant stressor on delta and
longfin smelt, particularly in spring through fall. Increasing food availability
in smelt rearing areas would likely lead to increases in population.

* Tidal marshes can be sources or sinks for phytoplankton and zooplankton.
Most appear to be sinks, particularly for zooplankton. There is high on-site
consumption of productivity within marshes.

* Even under the most highly favorable assumptions, restored marshes would
have at best a minor contribution to plankton production in smelt rearing
areas.

* Smelt can benefit by having direct access to enhanced productivity. This is
likely the case for the subpopulation of smelt that reside in Cache Slough.

* BDCP is too optimistic about benefits of tidal marsh and floodplain
restoration for smelt, particularly the extent of food production. These
optimistic views are indirectly guiding the LOS outflow criteria. There is no
clear connection, however, between the two and investments in marsh
restoration are unlikely to lead to reduced demand for outflows.

Recommendations: it is possible but unlikely that marsh restoration will materially
improve conditions for smelt, although other ecosystem and species benefits of
marsh restoration are much more likely. Only moderate- to large-scale
experimental restoration projects are likely to resolve this uncertainty and to help
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in designing future efforts. BDCP should design and describe a specific program to
resolve this issue. Until this uncertainty is resolved flow management will remain
the principal tool to mitigate project impacts.

Question 5: Governance

Does the Plan provide achievable, clear and measurable goals and objectives, as well
as governance that is transparent and resilient to political and special interest
influence?

We analyzed the proposed governance structure of BDCP, including the
responsibilities and authorities of new entities such as the Authorized Entity Group
(AEG), the Permit Oversight Group (POG), the Adaptive Management Team (AMT),
Implementation Office, Program Manager and Program Scientist. Based on this
review we conclude the following:

* The governance plan, as structured, blurs the responsibilities between
implementation and regulation. It grants AEG final decisionmaking power
over actions that should be solely within the authority of the permitting
agencies. It also involves the permitting agencies too heavily in
implementation of the project.

* As written, the plan grants the AEG veto authority over proposed changes in
the program, including any changes in biological goals and objectives or
conservation measures.

* The AEG has the power to veto any minor modification, revision or
amendment to the Plan that may be necessary to manage listed species.

* The regulatory assurances set forth in the draft Plan severely constrain the
fish agencies’ ability to respond to inadequacies in biological objectives.

* Given the high uncertainties inherent in BDCP, it is very likely that
unforeseen circumstances will require significant changes in biological goals
and objectives and conservation actions. Under the 50-year “no surprises”
guarantee, the fish agencies assume financial responsibility for many
significant changes. This liability could deter needed regulatory changes to
BDCP and CVP/SWP operations.

* The procedural hurdles necessary to revoke the incidental take permit of
BDCP are so great that revocation is unlikely to occur over the 50-year life of
the permit. Indeed, permit revocation and termination of the BDCP would be
unprecedented under both state and federal law.

Recommendations: The POG should be granted exclusive regulatory authority to
determine whether budgets and workplans are consistent with the permit and to
approve revisions to the biological goals and objectives or amendments to the plan.
It should have the authority to initiate changes needed to insure protection of the
covered species. The POG’s functions should be limited to regulatory oversight
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rather than direct involvement in implementation. There should be a “no surprises”
guarantee for construction of the project. Upon completion of the project, there
should be renewable “no surprises” guarantees every ten years. These renewals
should be based on conditions at the time of renewal and appropriateness of
biological goals and objectives. This approach creates an incentive for all parties to
adapt to changes in conditions to sustain covered species, rather than simply
fulfilling obligations on conservation measures.

Question 6: Science and Adaptive Management

Is there a robust science and adaptive management plan for BDCP? As described, is
the proposed “decision tree” likely to resolve major issues regarding Fall X2 and Spring
Outflow prior to initial operations?

We reviewed the science and adaptive management plans in both the plan and
EIS/EIR documents. Most issues with high uncertainty or controversy in the Plan
are relegated to resolution through an adaptive management process. Based on the
documentation, we conclude:

* Given the major uncertainties facing BDCP a robust, well-organized and
nimble adaptive management plan will be necessary. The current plan
adheres to and strongly promotes the principles of adaptive management
and science.

* The requirement of unanimous consent for all decisions by the AMT, and
veto power of any member of the AEG and POG is a barrier to adaptive
management.

* There is a blurring of the responsibilities between regulators and those
responsible for implementation of adaptive management that has the
potential to create conflicts. There is a conflicting relationship between AMT
decisionmaking and the scientific organizations providing support for
decisonmaking.

* The plan recognizes the importance of adaptive capacity, meaning flexibility
in operations and actions that allow for learning. Yet it does not describe this
capacity in a meaningful way.

* There is almost no description of a science program. What is provided lacks
evidence for integration with existing programs, transparency, independence
from bias and influence, and structured oversight. These are all necessary
for success.

* The decision tree process to establish initial operating conditions is
appropriate. Done well, it can resolve many issues. However, it is unlikely to
resolve the central issue over starting conditions in time to implement them.
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* Although difficult decisions are relegated to a future adaptive management
program, actually implementing such a program on such a scale will be very
difficult and will require careful design. BDCP does not provide information
sufficient to determine whether it will be effective. We remain skeptical that
it will.

Recommendations: many of the recommendations for changes in governance made
previously will go a long way toward improving the adaptive management program,
including the separation of regulators from implementation efforts. However, the
plan still needs a complete description of how its adaptive management program
would function. The AMT, in whatever form it takes, should be advised by a science
program, without scientists responsible for decisionmaking. The science program
should be integrated with existing Delta science programs, rather than inventing a
new parallel program. The best opportunity for integration is the current efforts to
establish a Delta Science Plan through the Delta Science Program and Delta
Stewardship Council. Given that the decision tree is unlikely to fully reduce
uncertainties in time, coupled with our concerns over how the project would be
operated rather than modeled, we recommend that default starting operating
conditions be negotiated that approximates the HOS scenario, with a goal of
identifying and operationalizing attributes of this scenario that are most beneficial
to listed fishes.
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contractors?
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Appendix A: Operational rules for the proposed North Delta
Facility (from Draft Administrative Bay Delta Conservation Plan).

1 Table 3.4.1-1. Water Operations Flow Criteria

Parameter Criteria
0ld and Middle ¢ October, November: Flows will not be more negative than an average of -2000 cfs
River/San Joaquin during D-1641 San Joaquin River pulse periods, or 5,000 cfs during nonpulse
inflow-export periods.
ratio .

November, December: Flows will not be more negative than an average of -5,000 cfs
and no more negative than an average of -2,000 cfs when the delta smelt action 1
triggers.

January, February: Flows will not be more negative than an average of 0 cfs during
wet years, -3,500 cfs during above-normal years, or -4,000 cfs during below-normal
to critical years, except -5,000 in January of critical years.

March: Flows will not be more negative than an average of 0 cfs during wet or above-
normal years or -3,500 cfs during below-normal to critical years.

April, May: Allowable flows depend on gaged flow measured at Vernalis. If Vernalis
flow is below 5,000 cfs, OMR flows will not be more negative than -2,000 cfs. If
Vernalis is 5,000 to 6,000 cfs, OMR flows will not be more negative than -1,000 cfs. If
Vernalis exceeds 6,000 cfs, OMR flows will be at least 1,000 cfs. If Vernalis exceeds
10,000 cfs, OMR flows will be at least 2,000 cfs. If Vernalis exceeds 15,000 cfs, OMR
flows will be at least 3,000 cfs. If Vernalis exceeds 30,000 cfs, OMR flows will be at
least 6,000 cfs.

June: Similar to April, but if Vernalis is less than 3,500 cfs, OMR flows will not be more
negative than -3,500 cfs. If Vernalis exceeds 3,500 cfs, OMR flows will be at least 0 cfs.
If Vernalis exceeds 10,000 cfs, OMR flows will be at least 1,000 cfs. If Vernalis exceeds
15,000 cfs, OMR flows will be at least 2,000 cfs.

July, August, September: No constraints.

Head of Old River ~ « December, June 16 to September 30: Operable gate will be open.

gate operations o All other months: Operable gate will be partially or completely closed as needed to
support OMR flow criterion and, via real-time operations, to minimize entrainment
risk for outmigrant juvenile salmonids and/or manage San Joaquin River water
quality.

Spring outflow o March, April, May: As described in Section 3.4.1.4.4, Decision Trees, initial operations
will be determined through the use of a decision tree. If at the initiation of dual
conveyance, the best available science resulting from structured hypothesis testing
developed through a collaborative science program indicates that spring outflow is
needed to achieve the longfin smelt abundance objective the following water
operations would be implemented within the decision tree. The evaluated starting
operations would be to provide a March-May average outflow scaled to the 90%
forecast for the water year, with scaling as summarized in the table below.

March-May Average Outflow Criteria for “High Outflow”
Outcome of Spring Outflow Decision Tree

Exceedance Outflow criterion (cfs)

10% >44,500

20% >44,500

30% >35,000

40% >32,000

50% >23,000

60% 17,209
Bay.Delta Cor_\s'ervat'ion Plan 1 March 2013
Revised Administrative Draft ICF 00343.12
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Table 3.4.1-1. Continued

Parameter Criteria
70% 13,274
80% 11,382
90% 9,178

Fall outflow

Winter and
summer outflow
North Delta
bypass flows

Alternatively, if best available science resulting from structured hypothesis testing
developed through a collaborative science program shows that Delta foodweb has
improved, and evidence from the collaborative science program shows that longfin
smelt abundance is not strictly tied to spring outflow, the alternative operation under
the decision tree for spring outflow would be to follow flow constraints established
under the Bay-Delta Water Quality Control Plan.

February, June: Flow constraints established under the Bay-Delta Water Quality
Control Plan will be followed.

All other months: No constraints.

September, October, November: As described in Section 3.4.1.4.4, Decision Trees,
initial operations will be determined through the use of a decision tree. Within that
tree, the evaluated starting operations would be to implement the USFWS (2008)
BiOp requirements, and the alternative operation would be to revert to the Bay-Delta
Water Quality Control Plan requirements. The alternative operation would be
allowed, if the research and monitoring conducted through the collaborative science
program show that the position of the low-salinity zone does not need to be located in
Suisun Bay and the lower Delta, as required in the BiOp, to achieve the BDCP
objectives for Delta smelt habitat and abundance.

All other months: No constraints.

Flow constraints established under the Bay-Delta Water Quality Control Plan will be
followed.

.

October, November: Flows will exceed 7,000 cfs.
July, August, September: Flows will exceed 5,000 cfs.
December through June: Variable, as shown in Error! Reference source not found..

Export to inflow
ratio

The export to inflow (E:I) ratio for CM1 operations is under development. Two options
are under consideration, with the primary difference being the location at which inflow
from the Sacramento River is measured.

Option 1 (assumed in the low-outflow scenario [LOS] and the evaluated starting

operations [ESO] scenario):

« Combined export rate is defined as the diversion rate of the Banks Pumping Plant and
Jones Pumping Plant from the south Delta channels.

« Delta inflow is defined as the sum of the Sacramento River flow downstream of the
proposed north Delta diversion intakes, Yolo Bypass flow, Mokelumne River flow,
Cosumnes River flow, Calaveras River flow, San Joaquin River flow at Vernalis, and
other miscellaneous in-Delta flows.

Option 2 (assumed in the high-outflow scenario [HOS]):

« Combined export rate is defined as the sum of the diversion rate of the Banks
Pumping Plant and Jones Pumping Plant from the south Delta channels and the
diversion at the proposed north Delta intakes.

« Delta inflow is defined as the sum of the Sacramento River flow at Freeport (upstream
of the proposed north Delta diversion intakes), Yolo Bypass flow, Mokelumne River
flow, Cosumnes River flow, Calaveras River flow, San Joaquin River flow at Vernalis,
and other miscellaneous in-Delta flows.

OMR = 0ld and Middle Rivers

Bay Delta Conservation Plan March 2013
Revised Administrative Draft ICF 00343.12

BDCP1672.
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Table 3.4.1-2. Flow Criteria for North Delta Diversion Bypass Flows from December through June

Constant Low-Level Pumping (December-June)
Diversions up to 6% of river flow for flows greater than 5,000 cfs. No more than 300 cfs at any one intake.
Initial Pulse Protection

Low-level pumping maintained through the initial pulse period. For the purpose of monitoring, the initiation of the pulse is defined by the following
criteria: (1) Wilkins Slough flow changing by more than 45% over a 5-day period and (2) flow greater than 12,000 cfs. Low-level pumping continues
until (1) Wilkins Slough returns to prepulse flows (flow on first day of 5-day increase), (2) flows decrease for 5 consecutive days, or (3) flows are
greater than 20,000 cfs for 10 consecutive days. After pulse period has ended, operations will return to the bypass flows identified below under Post-
Pulse Operations. These parameters are for modeling purposes. Actual operations will be based on real-time monitoring of fish movement.

If the first flush begins before December 1, May bypass criteria must be initiated following first flush and the second pulse period will have the same
protective operation.

Post-Pulse Operations
After initial flush(es), Level I operations apply. After 15 total days of bypass flows above 20,000 cfs, Level Il operations apply. After 30 total days of
bypass flows above 20,000 cfs, Level I1I operations apply.
Based on the objectives stated above, it is rec ded to impl the following operating criteria:
« Bypass flows sufficient to prevent upstream tidal transport at two points of control: Sacramento River upstream of Sutter Slough and Sacramento
River downstream of Georgiana Slough. These points are used to prevent upstream transport toward the proposed intakes and to prevent upstream

transport into Georgiana Slough.

Level | Level Il Level lll
December-April December—April December—April
Sacramento River Flow Sacramento River Flow Sacramento River Flow
Is Over Is Not Over Bypass Flow IsOver Is Not Over Bypass Flow IsOver Is Not Over Bypass Flow
0cfs 5,000 cfs 100% of the amount over Ocfs 5,000 cfs 100% of the amount over Ocfs 5,000 cfs 100% of the amount over
0cfs 0cfs 0cfs
5,000 cfs 15,000 cfs Flows remaining after 5,000 cfs 11,000 cfs Flows remaining after 5,000 cfs 9,000 cfs Flows remaining after
constant low-level pumping constant low level pumping constant low level pumping
15,000 cfs 17,000 cfs 15,000 cfs plus 80% of the 11,000 cfs 15,000 cfs 11,000 cfs plus 60% of the 9,000 cfs 15,000 cfs 9,000 cfs plus 50% of the
amount over 15,000 cfs amount over 11,000 cfs amount over 9,000 cfs
17,000 cfs 20,000 cfs 16,600 cfs plus 60% of the 15,000 cfs 20,000 cfs 13,400 cfs plus 50% of the 15,000 cfs 20,000 cfs 12,000 cfs plus 20% of the

amount over 17,000 cfs

20,000 cfs no limit 18,400 cfs plus 30% of the
amount over 20,000 cfs

amount over 15,000 cfs

20,000 cfs no limit 15,900 cfs plus 20% of the
amount over 20,000 cfs

amount over 15,000 cfs
20,000 cfs no limit 13,000 cfs plus 0% of the

amount over 20,000 cfs

Bay Delta Conservation Plan 1 March 2013
Revised Administrative Draft ICF 00343.12
Table 3.4.1-2. Continued
May May May
Sacramento River Flow Sacramento River Flow Sacramento River Flow
Is Over Is Not Over Bypass Flow IsOver Is Not Over Bypass Flow IsOver Is Not Over Bypass Flow

0cfs 5,000 cfs 100% of the amount over
0cfs

5000cfs 15000 cfs Flows remaining after
constant low-level pumping
15,000 cfs 17,000 cfs 15,000 cfs plus 70% of the
amount over 15,000 cfs
17,000cfs 20,000 cfs 16,400 cfs plus 50% of the

amount over 17,000 cfs

20,000 cfs no limit 17,900 cfs plus 20% of the
amount over 20,000 cfs

0cfs 5,000 cfs 100% of the amount over
0 cfs

5000cfs 11,000 cfs Flows remaining after
constant low level pumping
11,000cfs 15,000 cfs 11,000 cfs plus 50% of the
amount over 11,000 cfs
15,000 cfs 20,000 cfs 13,000 cfs plus 35% of the
amount over 15,000 cfs
20,000 cfs no limit 14,750 cfs plus 20% of the

amount over 20,000 cfs

0 cfs 5,000 cfs 100% of the amount over
0 cfs

5000cfs  9,000cfs Flows remaining after
constant low level pumping
9,000cfs 15,000 cfs 9,000 cfs plus 40% of the
amount over 9,000 cfs
15,000 cfs 20,000 cfs 11,400 cfs plus 20% of the

amount over 15,000 cfs

20,000 cfs no limit 12,400 cfs plus 0% of the
amount over 20,000 cfs

June

June

June

Sacramento River Flow
Is Over Is Not Over Bypass Flow

Sacramento River Flow

IsOver  Is Not Over Bypass Flow

Sacramento River Flow

Is Over  Is Not Over Bypass Flow

0cfs 5,000 cfs 100% of the amount over
0cfs

5000cfs 15000 cfs Flows remaining after
constant low-level pumping
15,000 cfs 17,000 cfs 15,000 cfs plus 60% of the
amount over 15,000 cfs
17,000cfs 20,000 cfs 16,200 cfs plus 40% of the

amount over 17,000 cfs

20,000 cfs no limit 17,400 cfs plus 20% of the
amount over 20,000 cfs

0cfs 5,000 cfs 100% of the amount over
0cfs

5000cfs 11,000 cfs Flows remaining after
constant low level pumping
11,000cfs 15,000 cfs 11,000 cfs plus 40% of the
amount over 11,000 cfs
15000 cfs 20,000 cfs 12,600 cfs plus 20% of the
amount over 15,000 cfs
20,000 cfs nolimit 13,600 cfs plus 20% of the

amount over 20,000 cfs

0 cfs 5,000 cfs 100% of the amount over
0cfs

5000cfs  9,000cfs Flows remaining after
constant low level pumping
9,000cfs 15,000 cfs 9,000 cfs plus 30% of the
amount over 9,000 cfs
15,000 cfs 20,000 cfs 10,800 cfs plus 20% of the

amount over 15,000 cfs

20,000 cfs no limit 11,800 cfs plus 0% of the
amount over 20,000 cfs

Bay Delta Conservation Plan
Revised Administrative Draft

March 2013
ICF 00343.12

BDCP1672.
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Appendix B: Impaired flows into an impaired estuary

The Sacramento River watershed is the main source of inflow to the Delta and is
integral to current operations of the SWP and CVP. The construction of a new North
Delta facility will not change the reliance on the Sacramento watershed very much.
However, in conjunction with limited changes in reservoir operations and
modifications to the Yolo Bypass, it will alter the timing of inflows to the Delta.

One of the goals of BDCP and the Delta Plan is to create a more natural flow regime.
As noted in Chapter 4, there is little natural about the landscape, and humans are
fully integrated into the ecosystem. Still, returning more natural seasonal flow
changes will help in managing species whose life history traits are tied to flow cues.

The projected changes in outflow under BDCP are presented in Figure 3.1. These
monthly averages are compared to current (not ELT) unimpaired outflow from the
Delta, an imperfect measure of outflow under unregulated conditions that can be
used for comparison of BDCP scenarios. All alternatives, including the no-project
alternatives, do little to alter the significant changes in Delta outflow regime. The
winter flood pulse associated with high runoff from mixed rain/snow storms has
been greatly reduced in all but wet years. More significantly, the spring snowmelt
pulse is attenuated, and largely missing in most of the drier years. Only late
summer/early fall baseflow seasons have flows that are equal to or larger than
unimpaired conditions.

Since the Sacramento outflow is a dominant signature for estuarine conditions
(second to tides), we examined the magnitude of change in inflow from the
Sacramento and compared it to unimpaired flow conditions. We used two simple
methods to illustrate the magnitude of change overall and relative changes between
ELT scenarios. The first involves calculating a monthly impairment index, I, where:

I = (scenario flow)-(unimpaired flow)/(unimpaired flow)

Where [ approaches 0, the scenario flow is less impaired, where I > 0 scenario flows
exceed unimpaired flows and where I < 0, scenario flows are less than unimpaired
flows. The magnitude of I is a simple way of describing the magnitude of seasonal
impairment. These results are summarized in Figure 3.2 for all water year types.

The impairment index is strikingly similar in pattern for all year types, with high
negative impairments during the winter and spring and high positive impairments
for the summer and early fall. This result is surprising because there are only subtle
differences between year classes. The only significant variation between year
classes occurs in the late summer/early fall when Fall X2 outflow rules predominate.
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This broad similarity in impairment highlights how uniform the hydrology of the
Delta has become: an issue raised in Lund et al., 2007 and Hanak et al, 2011 as
contributing to the regime change in Delta ecosystems. It also shows how little
effect the HOS and LOS scenarios are likely to have on Sacramento inflows to the

Delta.
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Figure 3.1: Delta outflow under HOS, LOS, and NAA ELT in comparison to unimpaired

outflow
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Figure 3.2: Sacramento River impairment index for HOS, LOS and NAA ELT.

A second approach can be used to characterize total impairment of individual year
types. In this, we have plotted unimpaired vs. impaired flow for each scenario and
each year type, and fitted a line and calculated r2. The deviation of the slope of the
line from 1 (impaired = unimpaired) illustrates the overall magnitude of impairment,
while r? is a measure of variation in relative impairment. These results are shown in

Figures 3.3-3.5.
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Figure 3.3. Scatterplot of NAA alternative Delta outflows vs. estimated unimpaired
flows for ELT conditions. Higher slope and lower r2 provide a relative measure of
impairment.
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Figure 3.4: Scatterplot of HOS alternative Delta outflows vs. estimated unimpaired
flows for ELT conditions. Higher slope and lower r2 provide a relative measure of
impairment.
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Figure 3.5. Scatterplot of HOS alternative Delta outflows vs. estimated unimpaired
flows for ELT conditions. Higher slope and lower r2 provide a relative measure of
impairment.

The results of impairment scatterplots shows that in general, the magnitude of
impairment, as measured by slope, and the magnitude of variation from unimpaired
flow, as measured by r?, are least in wet years and maximum in drier years. This
reflects the dominance of water use and operations on Delta hydrology during dry
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years when the capacity for water alteration is greatest. In addition, there appears
to be no substantive difference between the scatterplots of the different scenarios.

Conclusion

Examination of two closely related flow regimes, Delta outflow and Sacramento
inflows, show that there is little difference in NAA, HOS, and LOS conditions. All
represent high levels of impairment, in comparison to unimpaired flows, and the
new North Delta facility and changes in export timing and magnitude have little
impact on overall flow regime.
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Appendix C: Effects of changes in flow conditions on
entrainment losses of delta smelt

This Appendix describes the methods and results of analyses of flows in the South
Delta and their potential effects on delta smelt. The general procedure was to
determine a relationship between survival or recruitment during some life stages of
delta smelt, and calculate the expected response based on conditions modeled using
CALSIM and using historical data. CALSIM results were available for 1922-2003 for
three BDCP scenarios: NAA, HOS and LOS. Historical data were used for inflow,
export flow, and outflow during 1955-2003, and Old and Middle River flows from
1980 to 2003.

The calculations were based on results of Kimmerer (2008) as amended for adult
delta smelt by Kimmerer (2011). Miller (2011) pointed out some potential biases in
that analysis. Young delta smelt may be more abundant in the northern Delta than
previously believed, which would mean that the proportional losses calculated by
Kimmerer (2008) were too high (Miller 2011); however, this potential bias was not
considered amenable to quantitative analysis with the available data (Kimmerer
2011). Nevertheless, the estimates of entrainment losses and reductions in losses
herein may actually be somewhat overestimated.

The principal assumptions for this analysis are stated in Chapter 6. For the analyses
of export losses we used a resampling method to account for uncertainty in the
underlying statistical relationships between flow and entrainment. The error
distributions from these models were sampled 1000 times to arrive at uncertainty
estimates. The same 1000 samples were used for each year and scenario. This
allowed us to include variability due to model uncertainty, and to allow direct
comparisons among scenarios. The calculation was repeated for each year to
provide the variability due to the hydrological conditions modeled under each
scenario. Confidence limits were estimated as quantiles of the resulting set of
simulated values for each parameter.

Losses of adult delta smelt

Losses as a proportion of the population of adult delta smelt had been estimated
from salvage density, catches in the Spring Kodiak and Fall Midwater Trawl surveys,
and flows in the south Delta (Kimmerer 2008, 2011). We related these estimates to
total southward flow in Old and Middle Rivers:

09 QOM = 0
~Oor>Oon <0

where Qsp is mean flow in the South Delta during December-March, and Qowm is
monthly mean or modeled flow in Old and Middle Rivers.

(1)

Qsd = meanDec—Mar (

Estimated annual proportional losses P were related to Qsp by linear regression for
each year during which data were available (water years 1995-2006),
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P, ~max(0,a +bQ,,) (2)

where a=-0.03 and b= 0.0082 * 0.0034 are regression coefficients. Py was
calculated using a revised estimate of the scaling factor ® which accounts for
uncertainty in the calculation of Pi; ® has a mean of 22 and standard deviation of 5.2
(Kimmerer 2011).

Because Py is a mortality we calculated means for a 20-year period by converting
these values to survival, calculating geometric means, and converting back to
proportions lost:

— 1
=]-— e 3
P =1 Nl |(1 P) (3)

where the overbar indicates a mean, N is the total number of years, and Py, is the
proportional loss for each year. The 20-year period was somewhat arbitrary but is
roughly the timescale for the decline in abundance of delta smelt. To examine
differences between pairs of the three scenarios we calculated the arithmetic means
of differences for each pair.

There was little difference in mean Py values between the full time series used in the
analysis and the reduced time series that included the historical period (1980-2003).
The No-Action Alternative (NAA) had a slightly lower percent annual loss than the
historical period. The High and Low-Outflow scenarios (HOS and LOS) had similar
values that were slightly below half of that of the NAA, or a net change in loss of
about 3% /year.

Losses of juvenile delta smelt

Losses as a proportion of the population of juvenile delta smelt had been estimated
from the spatial distribution of fish in the 20mm survey and flows in the south Delta
supplemented by particle-tracking results (Kimmerer and Nobriga 2008, Kimmerer
2008). We related these estimates to total inflow to the Delta and export flow,
noting that these results may vary depending on the proportion of inflow that is
from the San Joaquin River. As with adults, CALSIM output was averaged over
March - May for each year and scenario.

Annual proportional loss was calculated from a regression originally derived from
particle-tracking data and applied to estimated losses of young smelt:

P, ~max(0,a+b0Q, +cQ, +d0,0,) (4)

where a=-3,b=0.36 £ 0.17, c= 0.90 * 0.24, and d=-0.10 + 0.03 are regression
coefficients (Kimmerer 2008).

Py, values were accumulated and plotted as above (see Figures in Chapter 6). The
annual means for the NAA were somewhat lower than the historical values,
reflecting overall lower export flows than in the historical period. Both of the
alternative scenarios resulted in substantial decreases in loss rates from about
14%/year to 3-5 % /year, and the LOS showed about a 2% /year higher loss rate
than the HOS.
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Appendix D: Evidence for food limitation of the smelt species

Delta smelt larvae consume mainly early life stages of copepods, switching to adult
copepods as soon as they are able to catch and ingest them (Nobriga 2002, Hobbs et
al. 2006, L. Sullivan, SFSU, pers. comm.). Juvenile delta smelt feed mainly on adult
copepods (Moyle et al. 1992, Lott 1998, Nobriga 2002, Hobbs et al. 2006), although
they consume other zooplankton such as cladocerans in freshwater. The diets of
adults include larger organisms such as mysids and amphipods (Bippus et al. poster
2013; Johnson and Kimmerer 2013 talk).

Evidence in favor of food limitation (numbers in parentheses indicate the steps
in the logic chain in Chapter 7)

Both smelt species

1.

(1) Following the spread of the overbite clam Potamocorbula in 1987, sharp
declines occurred in phytoplankton biomass and productivity, diatom
production, and abundance of copepods and mysids, which are the principal
prey of both species (Alpine and Cloern 1992, Kimmerer et al. 1994, Orsi and
Mecum 1996, Kimmerer and Orsi 1996, Kimmerer 2005, Winder and Jassby
2011)

(1) At around the same time abundance indices of several fish species
declined, notably anchovy, longfin smelt, and striped bass (Kimmerer 2002,
2006, Kimmerer et al. 2009), indicating an overall response of estuarine fish
populations to the decline in food abundance. The decline in anchovy
abundance in brackish waters (but not in high salinity) was particularly
sharp and closely tied in time to the 1987 decline in phytoplankton biomass.

Delta smelt

3.

(1) Gut fullness of delta smelt larvae was positively related to copepod
density (Nobriga 2002). This suggests that when there is more food the
smelt larvae eat more.

(1) Feyrer et al. (2003) found that delta smelt guts averaged about 40% full
in Suisun Marsh before Potamocorbula arrived. This was similar to the gut
fullness of most other fish species. It suggests that if there were more food
the fish would have eaten more, or that there is some other limit to gut
fullness.

(1) The functional response of larval delta smelt from laboratory
experiments shows that the feeding rate saturates at a prey concentration
well above that seen in any zooplankton samples in the smelt habitat during
May -July of 1993-2011 (L. Sullivan, SFSU, unpublished; see Figure A7.1).
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6. (2) Glycogen was depleted in 30% of fish in summer and 60% of fish in fall of
1999 (Fig. 28C in Bennett 2005) which could be interpreted as evidence of
poor nutrition either because of a food shortage or because of some toxic
effect; however the frequency of toxic damage was <10% in these fish.

7. (2) Mean lengths declined in either 1989 (Bay Study) or 1993 (FMWT study;
Fig. 29 in Bennett 2005). The latter year is when the copepod
Pseudodiaptomus forbesi shrank back from the LSZ in summer-fall,
presumably because of the combined effects of clams and the introduction of
other copepods. Bennett (2005, Figure 30) also showed positive
relationships between mean length of delta smelt and copepod density
(Bennett Fig. 30).

8. (3a) Copepod biomass is correlated with an index of survival from summer
to fall (Kimmerer 2008).

9. (3a) Abundance data show evidence for density dependence between
summer and fall when the early years are included (Bennett 2005 Fig. 17). A
likely cause of density dependence is food limitation, although other
mechanisms are also possible.

10. (1-4) Several model analyses show strong effects of food supply on the
population rate of increase (Maunder and Deriso 2011, Rose et al. 2013a, b,
Kimmerer and Rose, in prep). Note, however, that these models are
incomplete and can only show effects based on what is in them.

11. A multivariate autoregressive (MAR) model (Mac Nally et al. 2010) showed
weak support for a positive link between calanoid copepod abundance and
delta smelt abundance index.

Longfin smelt
12. (1) Longfin smelt prey mainly on mysids after summer (Feyrer et al. 2003).
Mysids declined sharply after 1987 (Orsi and Mecum 1996, Winder and
Jassby 2011).

13. (Overall) Abundance of longfin smelt declined sharply after the introduction
of Potamocorbula, when the strong effect of freshwater flow is taken into
account (Kimmerer 2002, Kimmerer et al. 2009). Striped bass, which also
feed on mysids (Feyrer et al. 2003), also declined at that time.

14. A multivariate autoregressive (MAR) model (Mac Nally et al. 2010) showed
weak support for a positive link between calanoid copepod abundance and
longfin smelt abundance index.

Evidence that does not support food limitation or is missing
15. The abundance of delta smelt did not change when Potamocorbula arrived or
1993, which were the two times of greatest change in calanoid copepod
abundance in the low-salinity habitat of delta smelt

127



BDCP1672.

16. A changepoint model (Thomson et al. 2010) showed no link between
abundance of various zooplankton and abundance indices of either smelt
species.

17. Sampling for zooplankton is at too coarse a scale to represent the prey
abundance that the smelt perceive, and the spatial distribution of prey
cannot be replicated in the laboratory. Therefore it may be misleading to
extrapolate functional responses from the laboratory to the field.

18. There is no direct evidence for effects of food on survival, maturity, or
fecundity.
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Appendix E: Model of plankton subsidy from marsh to estuary

Here we assume that the restored areas will actually produce an excess of
phytoplankton or zooplankton over adjacent waters, and ask what additional level
of food availability to the smelt would result. This is based on a very simple model
and some calculations using data from [EP monitoring, as noted below. These
calculations are unpublished except where a citation is given; details of calculations
are available on request.

The additional zooplankton biomass available to the open-water areas as a result of
production in restored shallow subtidal areas depends on the excess production in
the restored areas, the resulting gradient in biomass, the tidal exchange rate
between the restored areas and open waters, and the net population growth rate of
the zooplankton in the open waters. The benefit of that additional supply to the
smelt species depends on the proximity of the restored area to the population
centers of the smelt (Fig. 7.2).

A simple model of this subsidy is:
F = (Br-B)VrRX / BV (D

where F (d-1)is the subsidy as a daily proportion of plankton biomass in the
receiving water, B is biomass per unit volume, V is volume, Br and Vr are biomass
and volume in the restored area, and X is exchange rate as a daily proportion of the
volume of the restored area (d'1). Biomass and volume units cancel out.

Itis clear from Equation 1 that the subsidy is maximized when the restored area is
large, the zooplankton biomass in the restored area is well above that in the open
water, and exchange rate is high. However, there is an the interplay among biomass
Br, volume Vg, and exchange rate X. First, water depth has three competing effects:
1) Phytoplankton growth rate is highest in shallow water where light penetration is
high; 2) For a given area of restoration, volume is inversely related to water depth;
3) any bivalve grazing consumes phytoplankton and zooplankton in inverse
proportion to depth. Second, as the exchange rate X increases, net population
growth rate within the restored area decreases as organisms are removed by the
exchange. If there is no exchange there is no subsidy, but at high levels of exchange
there is also no subsidy because the zooplankton are being mixed rapidly compared
to their internal growth processes (see Figure 7.3). Cloern (2007) showed that the
efficiency of conversion of phytoplankton to zooplankton in a linked shallow-deep
system was maximized when the tidal exchange rate X was equal to the net
population growth rate of the primary consumers.

[t is beyond our scope to model explicitly the growth and other processes and
consequent biomass levels. However, it is possible to constrain the total
phytoplankton and zooplankton biomass within a marsh using available data.
During strong blooms nutrients are converted to phytoplankton biomass, but
conversion is incomplete because some is lost to other foodweb components such as
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detritus, bacteria, and zooplankton. Thus, the total amount of dissolved inorganic
nitrogen (DIN, comprising nitrate, nitrite, and ammonium) can set an upper limit to
total phytoplankton biomass.

We used data from the IEP water quality and zooplankton monitoring programs
from 1975-2012. Data used were from May to October to avoid the high variability
of winter flows, and to focus on the dry season when the smelt species may be most
constrained by food supply. Data were taken from the low-salinity zone, extended
to a salinity of 0.5 - 10, about the range of salinity where delta and longfin smelt are
abundant in their first summer, and averaged by year and month.

Chlorophyll was converted to phytoplankton C using a carbon:chlorophyll ratio of
50, under the assumption of high light availability. To examine bloom conditions,
we used only data for which phytoplankton biomass exceeded 200 mgC/m3. From
these data, we determined the zero-intercept of a linear model of phytoplankton
carbon vs. dissolved inorganic nitrogen (DIN), under the assumption that this
represented the maximum conversion of DIN to phytoplankton biomass. This
corresponded to about 900 mgC/m3 (about 40% of the sum of phytoplankton C and
DIN converted to C using a molar ratio of 6.6:1). We used that value as the upper
limit for phytoplankton C in a marsh. Calanoid copepod C for adults and copepodites
was estimated to be about 2.5% of actual phytoplankton C, and we assumed that
this proportion would apply to the maximum phytoplankton C, or about 23 mgC/m3.
Using the same data the median phytoplankton and calanoid copepod C in the open
water during 1994 - 2011 were 73 and 3 mgC/m3 respectively.

The optimum exchange rate was calculated separately for phytoplankton and for
zooplankton. For calculation we assume a mean depth of 2m and an area of 1000 ha
(2500 ac) in the restored area. From Lopez et al. (2006) the growth rate of
phytoplankton in a shallow area can be modeled as

wp =-0.09 + 1.91/H, (2)

where H is water depth. At a water depth of 2m, this evaluates to 0.86 d-1, which we
use although a similar model using data from the LSZ in 2006-2007 gave a growth
rate that was about 25% lower. We assume that benthic grazing in the restored
area is negligible, but cannot neglect grazing by microzooplankton. This can be
modeled either as:

g =max(0, 0.93 pp - 0.3) (3)

based on experimental results from the Low-Salinity Zone in 2006-2007 (York et al.
2011),or

g=0.6 pp (4)
from a review of microzooplankton grazing estimates, using values for estuaries
(Calbet and Landry 2004). These yield growth rates of 0.5 and 0.35 d-! respectively.
The latter value is probably more generally representative of a wide range of
conditions and for this analysis gives a higher net phytoplankton growth rate.
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Using an exchange coefficient X set to be close to the net phytoplankton growth rate
less grazing of 0.35 d-! and using the volume of the LSZ of 0.5 km3 as V in Equation 1,
we get:

F = (Bx-B)VrX / BV = (900-73) (1000 x 10-2 x 2 x 10-3) 0.35 / (73 x 0.5)

or about 0.16 d-1. This is about half of phytoplankton growth, and about twice the
(negative) net of growth less grazing by microzooplankton and clams in the LSZ
based on field measurements during 2006-2008, which is now subsidized by mixing
from other areas of the estuary. Thus, the extremely ideal conditions proposed
above would lead to a substantial subsidy of phytoplankton to the LSZ. However,
this assumes nearly perfect tuning of the exchange, ideal growth of the
phytoplankton with no benthic grazing within the restored area, and perfect mixing
of the discharged phytoplankton into the LSZ, which is unlikely because of its tidal
movement in relation to the outlet of any marsh.

For calanoid copepods the equivalent calculation to that above is
F=(23-3)(1000x10?) x (2x10-3)0.1/(3%0.5)

or about 0.03 d-1. As before, this represents an upper limit of the likely subsidy to
LSZ zooplankton. This corresponds to a turnover time of about a month,
considerably longer than the population turnover time of the copepods. As with
phytoplankton, this is an upper limit of the potential subsidy of copepods, which
would be reduced by behavioral resistance to movement such as vertical migration,
and by excess predation in the marsh compared to the adjacent open waters. Both
of these reductions are likely to be very large.

Zooplankton export from Suisun Marsh

One of the proposed restoration areas is in the northern end of Suisun Marsh.
Biomass of calanoid copepods in the southern part of the marsh was about 2x that
of the adjacent Grizzly Bay, based on a short-term field study and long-term
monitoring data (Kimmerer and Marcal 2004). Biomass in the smaller sloughs to the
north is apparently higher although nothing has been published on that (J. Durand,
UC Davis, pers. comm.).

We used output from the UnTRIM hydrodynamic model (MacWilliams et al. in prep.,
Kimmerer et al. in press) and the FISH-PTM particle tracking model (Kimmerer et al.
in prep.) to examine the residence time of particles within Suisun Marsh during the
dry season. The hydrodynamic model simulates the entire estuary including marsh
channels and bathymetry, but is not specifically set up to replicate flows in the
marsh and therefore the results should be considered preliminary. For the entire
network of channels it should give acceptable results, but to model the smaller
sloughs would require a finer grid for that area.

The PTM was run for 45 days in a dry period in the historical data set (starting 1
July 1994) to examine the influence of vertical movement on retention in the
estuary. The model was started with particles released throughout the northern
estuary in a pattern similar to the distribution of the copepod Eurytemora affinis, the
most abundant LSZ resident zooplankton species before Potamocorbula was
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introduced. Over 9000 particles were released for each run at approximately the
same number per unit volume throughout the marsh. Residence time was estimated
as the rate of decline of the log of total particles remaining in the marsh.

For neutrally-buoyant (i.e., passive) particles, the residence time of the marsh was
about 28 days, and particles continuously left the marsh during the 45-day run.
Particles that either sank or migrated tidally (down on the ebb and up on the flood)
had a more complex pattern but generally the particles in the northern part of the
marsh did not leave the marsh during the 45-day run.

Taking the passive case first and using available bathymetric data for the volumes of
the marsh and Suisun Bay, Equation 1 can be reduced to the following:

F=(Br/B-1)x Ve /(RT xV) = (Br/B-1)x0.07 /(28 x 0.11)
=0.02 (Br /B-1)

Based on the existing data cited above for Suisun Marsh, this flux would provide an
additional 2%/d of copepods to Suisun Bay if the copepods behaved as passive
particles. This is unlikely to produce a noticeable increase in copepod biomass, as
their population growth rates are on the order of 10%/d. Any tidal migration or
tendency to remain near the bottom (which can be common among zooplankton in
shallow, well-lit waters) would greatly reduce or even eliminate the net flux from
the marsh to the open waters.
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Appendix F: Effects of floodplain inundation

This Appendix explores available data on the response of phytoplankton and
zooplankton biomass to flooding of the Yolo Bypass. This is to provide a basis for
anticipating effects on the estuarine foodweb from floodplain inundation at lower
flows in the Sacramento River.

One assumption underlying BDCP plans for increased inundation of the Yolo Bypass
is that it would provide a source of phytoplankton and zooplankton to the open
waters of the estuary. If so, the much larger floods that occasionally inundate the
Bypass now should produce measurable increases in phytoplankton and
zooplankton at monitoring stations in the estuary.

The basis for this analysis was to use the IEP monitoring data to try to detect an
influence of inundation of the Bypass on phytoplankton biomass as chlorophyll
concentration, and zooplankton biomass calculated from abundance. IEP data were
obtained from six stations in the western Delta to eastern Suisun Bay.

Chlorophyll concentration has been determined since 1976 in the zooplankton
survey. Abundance of zooplankton has been determined since 1972 by species and
gross life stage. We used data on adult and juvenile calanoid copepods, which are
common in the diets of delta smelt and other fishes. Abundance data were
converted to biomass using carbon mass per individual by species and life stage (see
Kimmerer 2006 for details; carbon estimates have been updated).

Neither chlorophyll nor copepod biomass showed any effect of inundation of the
Bypass. This lack of response is clear for copepod biomass in Fig. F.1, which shows
that under high flows in the Bypass the biomass was generally lower than when
flows were lower. The data have been stratified by groups of years separated by the
time that the clam Potamocorbula amurensis was introduced. During both periods
biomass was generally higher when the Bypass was dry than when it was flowing at
a low rate (< 500 m3s1). Biomass increased slightly in a handful of times when the
Bypass was flowing at a higher rate, but even with this increase biomass still did not
match that at the lowest flows. The difference in biomass between the pre- and
post-clam period is notable at low Bypass flows.

Most of the high flows in the Bypass occurred during winter when zooplankton
biomass is at its seasonal low. Inundation of the Bypass later in spring at a lower
stage of the Sacramento River than is now necessary might provide conditions for
higher productivity, but the lack of response of the current system at lower Bypass
flows is not promising.
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Figure F.1. Copepod biomass as a function of flow in the Yolo Bypass for two time
periods. Symbol shapes and colors show the sampling stations from the IEP
zooplankton monitoring survey. Green line is from a generalized additive model with
aloess (locally-weighted) smoothing function applied to the pre-1987 period and
shown in the lower graph for comparison.

134



BDCP1672.

Appendix G: Can incidental take permits be issued to water
contractors?

Do the federal Endangered Species Act and the California Natural Community
Conservation Planning Act allow the U.S. Fish and Wildlife Service, the National
Marine Fisheries Service, and the California Department of Fish and Wildlife to issue
incidental take permits to the Central Valley Project and State Water Project
contractors?

This question is significant, because the draft BDCP provides that the Authorized
Entity Group shall be comprised of the Director of the California Department of
Water Resources as operator of the SWP, the Regional Director of the U.S. Bureau of
Reclamation as operator of the CVP, and one representative each of the CVP and
SWP contractors if the contractors are issued permits under the Plan. BDCP 7-8. If
we correctly understand the premise of this question, it is that only the owners and
operators of the two projects—the U.S. Bureau of Reclamation and the California
Department of Water Resources—are eligible to hold the incidental take permit that
would govern construction and operation of the facilities authorized by the BDCP.

Although there is no definitive answer to this question, we conclude that the CVP
and SWP contractors may receive incidental take permits. We base this conclusion
on four factors: (1) There is nothing in either the federal Endangered Species Act or
the California Natural Community Conservation Planning Act that prohibits the fish
and wildlife agencies from issuing incidental take permits to entities such as the CVP
and SWP contractors who receive water service from (and therefore are
beneficiaries of) the permitted project operators. (2) The text of both statutes
allows for the grant of incidental take permits to persons or entities other than the
owners and direct operators of the projects governed by an HCP and NCCP. (3)
There is precedent for the inclusion of both government entities and private
landowners and resource users within a single HCP/NCCP. (4) There are good
reasons both for the CVP and SWP contractors to seek the protections of an
incidental take permit and for the fish and wildlife agencies to include the
contractors within the management structure of the BDCP. It is therefore likely that
the courts would defer to the agencies’ decision to issue incidental take permits to
the contractors.

The incidental take permitting and HCP provisions of section 10 of the federal ESA
authorize the taking of individual members of a listed species that otherwise would
be prohibited by section 9(a)(1)(B) of the Act. 16 U.S.C. § 1538(a)(1)(B). The take
prohibition of section 9 applies to “any person subject to the jurisdiction of the
United States.” Id. § 1538(a)(1). The statute defines “person” as meaning
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an individual, corporation, partnership, trust, association, or any other
private entity; or any officer, employee, agent, department, or
instrumentality of the Federal Government, of any State, municipality, or
political subdivision of a State, or of any foreign government; any State,
municipality, or political subdivision of a State; or any other entity subject to
the jurisdiction of the United States. [Id. § 1532(13).]

This definition expressly includes the CVP and SWP contractors, which are
comprised primarily of instrumentalities of the state (and, in the case of the CVP,
includes some individuals). The statute thus extends eligibility for (limited and
conditional) exemption from the take prohibition of section 9 to the project
contractors, and it contains no exclusion from this eligibility based on the fact that
the contractors do not themselves own or operate the project.

The California Natural Community Conservation Planning Act addresses this
question even more directly. In its articulation of the purposes of the statute, the
Legislature stated:

Natural community conservation planning is a cooperative process that often
involves local, state, and federal agencies and the public, including
landowners within the plan area. The process should encourage the active
participation and support of landowners and others in the conservation and
stewardship of natural resources in the plan area during plan development
using appropriate measures, including incentives. [California Fish & Game
Code § 2801(j).]

The Act also declares that “Any person, or any local, state, or federal agency,
independently, or in cooperation with other persons, may undertake natural
community conservation planning.” Id. § 2809.

Indeed, the fish and wildlife agencies approved this type of multiparty,
multijurisdictional, cooperative approach in the Orange County HCP/NCCP for the
protection of the coastal gnatcatcher, other target species, and their habitat. The
cooperating and individually permitted entities include the County of Orange, the
cities of Anaheim, Costa Mesa, Newport Beach, Irvine, Laguna Beach, Orange, and
San Juan Capistrano, as well as other participating public and private landowners
and water users, such as Southern California Edison, the Metropolitan Water District,
Irvine Ranch Water District, the Irvine Company, UC Irvine, the California
Department of Parks and Recreation, and transportation corridor agencies. COUNTY
OF ORANGE, FINAL NATURAL COMMUNITY CONSERVATION PLAN AND HABITAT CONSERVATION
PLAN, CENTRAL AND COASTAL SUBREGION (1996), document available at
http://www.naturereserveoc.org/documents.htm. Although this situation does not
precisely mirror the relationship between the CVP and SWP and their contractors, it
does serve as precedent for creation of an HCP/NCCP that includes both land and
resource management agencies and public/private land and resource users as
incidental take permit holders.
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Finally, it makes sense for the CVP and SWP contractors to seek the protections of
the incidental take permits governing operation of the facilities authorized by the
BDCP, as it is their uses of project water that would potentially violate the federal
and state take prohibitions. The contractors thus would benefit both from the
security provided by the incidental take permits and from participation in the
decisions that would shape implementation and compliance with the terms and
conditions limiting coordinated CVP/SWP operations set forth in the BDCP.
Concomitantly, it is in the fish and wildlife agencies’ interest to have the contractors
participate as permittees so that disputes between the contractors and USBR and
DWR as project operators may be resolved within the forum of the Authorized
Entity Group, rather than outside the purview and procedures of the BDCP. Under
these circumstances, we believe that it is likely that the courts would defer to the
fish and wildlife agencies’ reasonable interpretation of the statutes as authorizing
the grant of incidental take permits to the CVP and SWP contractors. See Chevron
U.S.A. v. Natural Resources Defense Council, 467 U. S. 837 (1984); American Coatings
Ass’n. v. South Coast Air Quality Dist., 54 Cal.4th 446 (2012).
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