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Dear Secretary Bose:

COMMENTS ON INITIAL STUDY REPORT FOR DON PEDRO HYDROELECTRIC PROJECT,
FEDERAL ENERGY REGULATORY COMMISSION PROJECT NO. 2299

State Water Resources Control Board (State Water Board), Division of Water Rights staff
reviewed the Initial Study Report (ISR) for the Don Pedro Hydroelectric Project (Project) that
was prepared by the licensees, Modesto Irrigation District and Turlock Irrigation District
(Districts’), and filed with the Federal Energy Regulatory Commission (Commission) on
January 17, 2013. On January 30 and 31, 2013, the Districts held a meeting at the Modesto
Irrigation District Offices in Modesto to present and discuss the findings of the first year of
studies with the Relicensing Participants (RPs). The Districts filed a summary of these
meetings, along with associated PowerPoint presentations, with the Commission on
February 8, 2013. :

The ISR aims to satisfy the Commission’s requirements that the Districts prepare and file a
report describing the overall progress, schedule, data collected, and any study plan variances
for the first year. Based upon the results of the ISR, RPs may request modifications to existing
studies or new studies, understanding that such requests must meet stricter guidelines.

State Water Board staff has actively participated throughout the relicensing process and
submits the following comments.

Regqulatory Authority

Before the Commission can issue a new license, the Districts must obtain water quality
certification from the State Water Board, pursuant to Section 401(a)(1) of the Federal Clean
Water Act (CWA) (33 U.S.C. §1341(a)(1)). Section 401 of the CWA requires any applicant for a
federal license or permit, which may result in any discharge to navigable waters, to obtain water
quality certification from the State Water Board that the discharge will comply with the applicable
water quality parameters in the CWA.

! Districts also refers to consultants that represent the Districts.
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Under section 303 of the CWA and under the Porter-Cologne Water Quality Control Act, the
Central Valley Regional Water Quality Control Board adopted, and the State Water Board and
United States Environmental Protection Agency (USEPA) approved, the Water Quality Control
Plan for the Sacramento River and San Joaquin River Basins (Basin Plan). The Basin Plan
designates the beneficial uses of waters to be protected along with the water quality objectives
necessary to protect those uses. The Basin Plan lists power, water contact recreation,
non-contact water recreation, warm freshwater habitat, cold freshwater habitat, and wildlife
habitat as beneficial uses of the Don Pedro Reservoir. Municipal and domestic supply is listed
as a potential use. The Basin Plan identifies the following beneficial uses for the Tuolumne
River from the Don Pedro Reservoir to the San Joaquin River: irrigation, stock watering, contact
recreation, canoeing and rafting, non-contact recreation, warm freshwater habitat, cold
freshwater habitat, cold migration (salmon and steelhead), warm spawning (striped bass,
sturgeon, and shad), cold spawning (salmon and steelhead), and wildlife habitat. Municipal and
domestic supply is listed as a potential use.

The beneficial uses together with the water quality objectives that are contained in the basin
plans and state and federal anti-degradation requirements constitute California’s water quality
standards under section 303 of the CWA. The water quality objectives set or describe the water
quality limits necessary to achieve and protect the beneficial uses. The Districts must evaluate
the impacts of the Project on the Tuolumne River to determine whether the Project complies
with all applicable water quality standards in the Basin Plan, and protects the beneficial uses of
the Tuolumne River. Water quality certification may address a project’s effects on public trust
resources. The water quality certification analysis is based not only on proposed modifications
to Project operations from the existing condition, but also on whether past, existing, or future
operations may impair or degrade water quality standards.

The Districts must file an application for water quality certification once the Commission issues
the Notice of Ready for Environmental Analysis. A complete application for a water quality
certification must include a description of any steps that have been, or will be taken to avoid,
minimize, or compensate for loss of, or significant adverse impacts to beneficial uses of water.
(Cal. Code Regs. tit. 23, § 3856, subd. (h)(6).). If the Project does not comply with one or more
of the water quality objectives or criteria, then the Districts must describe the actions that the
Districts will take to bring the Project into compliance with the applicable water quality objectives
in order to protect and maintain the beneficial uses of the State’s waters. During the licensing
process, State Water Board staff will act in an advisory role to inform the Districts of the
information necessary for a complete application for water quality certification. State Water
Board staff cannot prejudge the outcome of any proceeding before the State Water Board on an
application for water quality certification.

General Comments

The information collected through implementation of the study plans will be used not only by the
Commission to develop license conditions and fulfill requirements under the National
Environmental Policy Act (NEPA), but also by other agencies that must take permitting actions
during this proceeding. The State Water Board needs the information to develop conditions in
the water quality certification that are required to ensure compliance with the Clean Water Act
and with other appropriate requirements of state law. Both the Districts and the State Water
Board must also fulfill the requirements of the California Environmental Quality Act because the
Districts will act as lead agency and the State Water Board will be a responsible agency.
Additionally, the National Marine Fisheries Service may use the information obtained from
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implementation of the study plans to fulfill its requirements under the Endangered Species Act.
Availability of the full range of information needed by these entities is essentlal for the Districts
to be able to produce a complete license application.

The Project relicensing process should consider all technical information. The State Water
Board is involved in an ongoing related effort to establish flow objectives for the San Joaquin
River and associated tributaries, including the Tuolumne River. While the State Water Board
has not yet established flow objectives, it has developed technical information applicable to the
Tuolumne River and other San Joaquin tributaries. Accordingly, the State Water Board submits
that Appendix C of the Draft Substitute Environmental Document in Support of Potential
Changes to the Water Quality Control Plan for the Bay Delta: San Joaquin River Flows and
Southern Delta Water Quality be considered and used as appropnate in the Project’s relicensing
(State Water Board 2012).

If the study plans approved by the Commission are not sufficient to provide the information
needed to develop the water quality certification, the State Water Board may choose to exercise
its authority under the Porter-Cologne Water Quality Control Act (California Water Code,
Division 7) to establish monitoring, inspection, entry, reporting, recordkeeping and other
requirements as may be reasonably required pursuant to Water Code section 13383 or other
applicable authority.

Lower Tuolumne River Instream Flow Study

On July 16, 2009, the Commission issued an Order directing the Districts to develop and
implement an Instream Flow Incremental Method/Physical Habitat Simulation (IFIM/PHABSIM)
Study (Instream Flow Study) of the Lower Tuolumne River. The Order was a result of a
proceeding that began prior to the relicensing process and was aimed at determining the
instream flows necessary to maximize fall-run Chinook salmon and O. Mykiss production and
survival through various life stages. Since the initiation of the Instream Flow Study, the Districts
have begun the relicensing process, but the Instream Flow Study has not been formally
incorporated into the relicensing study plan process. State Water Board staff understands that
the Instream Flow Study is part of a different process, and therefore has a different schedule.
However, State Water Board staff believes that the Instream Flow Study needs to be integrated
into the relicensing process. The Instream Flow Study will provide information that is relied
upon in various relicensing studies as well as in the development of conditions or mitigation
measures.

During the ISR meeting on January 30, 2013, Commission staff indicated that the results of the
Instream Flow Study will be brought into relicensing. The State Water Board requests that the
Commission detail how inclusion of the Instream Flow Study will occur.

The State Water Board also requests that once an Instream Flow Study is available, the
Districts and the Commission provide the RPs with ample time to review and provide comments.
The State Water Board also requests that the Districts hold a workshop to present the
information to the RPs and discuss how it will be used to inform various relicensing studies.
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Water and Aquatic Resources (W&AR) Study Plan No.1: Water Quality Assessment

The Water Quality Assessment Study Report states that the study addresses “the following
issues identified in Section 6.0 of the Pre-Application Document (PAD):

+ Issue: Effects of the Project and Project recreation on water quality (excluding water
temperature) and compliance with the Central Valley Regional Water Quality Control
Boards (CVRWQB) Water Quality Control Plan for the Sacramento River and San
Joaquin River Basins, fourth edition (Basin Plan)

* lIssue: Effects of the Project on compliance with the State Water Board’s Clean Water
Act (CWA) Section 303(d) List of Total Maximum Daily Load (TMDL) Priority Schedule

¢ Issue: Water temperature downstream of Don Pedro Reservoir is the subject of the
Lower Tuolumne River Temperature Model Study Plan (W&AR 16).”

Similar information was stated in the Water Quality Assessment Final Study Plan. State Water
Board staff believes that this statement indicates that the effects of the Project on temperature
and compliance with the Basin Plan will be covered by W&AR Study Plan No. 16. Currently, the
Water Quality Assessment Study Report mentions temperature and contains a brief
presentation of the temperature data collected during the study. The Water Quality Assessment
Study Report correctly lists temperature as a Basin Plan Water Quality Objective for the
beneficial use designations of Coldwater Habitat and Coldwater Spawning. However, the State
Water Board disagrees with the benchmark values presented by the Districts. Both references
cited for the development of these benchmark values deal primarily with brown trout and are
based upon studies conducted in Europe. State Water Board staff does not believe that these
benchmark values are appropriate for this study. It is anticipated that the State Water Board will
rely upon the temperature water quality standards put forth for salmonids in the USEPA Region
10 Guidance for Pacific Northwest State and Tribal Temperature Water Quality Standards
(USEPA 2003).

The information regarding temperature currently in the Water Quality Assessment Study Report
is incomplete. In order for the Water Quality Assessment Study Report to be considered
complete it needs to be evaluated in connection with the complete Study Report for W&AR
Study Plan No. 16. More information regarding what the State Water Board believes the Study
Report for W&AR Study Plan No. 16 needs to contain in order to satisfy these requirements can
be found later in this document under the “W&AR Study Plan No. 16: Lower Tuolumne River
Temperature Model Study Plan” header.

The Basin Plan has been revised on multiple occasions. When citing the Basin Plan in Water
Quality Assessment Study Report and elsewhere in the relicensing process, please reference
the most current revision, currently 2011. Also, please confirm that the most current revision of
the Basin Plan was used in the development of the Water Quality Assessment Study Report.

W&AR Study Plan No. 2: Project Operations/Water Balance Model

On September 10, 2012, the California Department of Fish and Wildlife (CDFW; formerly known
as the California Department of Fish and Game) submitted a letter to the State Water Board
disputing the accuracy of the unimpaired hydrology developed by the Districts as part of the
Project Operations/Water Balance Model (Project Operations Model). In the letter, CDFW
expressed concern that “the Districts’ proposed method of estimating unimpaired hydrology is
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not appropriate for purposes of the State of California’s environmental review process required
for a new license.” The letter goes on to explain that the concern arises from the fact that the
daily unimpaired flow fluctuates wildly and often contains negative values, which are not
representative of a natural flow regime. CDFW believes that such flow fluctuations are due to
the Districts’ use of the gage summation method in calculating unimpaired flow, and suggests
that a gage proration method be applied instead.

On December 21, 2012, the Districts submitted a response letter to the State Water Board. in
this letter, the Districts explain that they applied the gage proration method for the limited data
set available and found that “overall the estimated flows from both methods track very closely
for the limited period of record.” However, the Districts do not consider the period of record
robust enough for use as the hydrologic record for the Project Operations Model.

Subsequently, staffs from the State Water Board, CDFW, and the Districts met to further
discuss the development of unimpaired hydrology. An additional meeting is scheduled for
March 14, 2013. The Districts provided “straw man” proposals for discussion at the March 14
meeting. State Water Board staff is currently reviewing the proposals and look forward to
continuing the discussion of unimpaired hydrology. The State Water Board appreciates the
Districts willingness to work with the RPs to resolve this matter; however, at this time, the issue
of unimpaired hydrology remains unresolved.

W&AR Study Plan No. 3: Reservoir Temperature Model Study Plan

The Reservoir Temperature Model Study Plan is incomplete and ongoing. The State Water
Board reserves its right to review the final study report when it is completed and file comments
with the Commission. State Water Board staff has reviewed the Reservoir Temperature Model
Progress Report.

During the development of the Reservoir Temperature Model, it was revealed that it will be able
to simulate the withdrawal of water from the reservoir at different levels. The Reservoir
Temperature Model, coupled with the Lower Tuolumne River Temperature Model (W&AR 16),
should allow the Districts to model the effect of selective withdrawal from Don Pedro Reservoir
on temperature in the Tuolumne River below La Grange.

However, such modeling does not provide useful information unless the model runs are based
upon feasible and accurate engineering alternatives. Therefore, the State Water Board
proposes the Reservoir Water Temperature Management Feasibility Study” (Attachment A) be
conducted during the second year of Project studies.

W&AR Study Plan No. 4: Spawning Gravel Study Plan

The Spawning Gravel Study Plan (Study Plan) is incomplete and ongoing. The State Water
Board reserves its right to review the final study report when it is completed and file comments
with the Commission. State Water Board staff reviewed the Spawning Gravel Progress Report

2ps part of the study plan development process, CDFW requested a Reservoir Water Temperature Management
Feasibility Study, which was supported by the State Water Board. This study plan request was rejected by the
Commission.
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(Progress Report) submitted by the Districts as part of the ISR. The Progress Report indicates
that the Districts will be using the DREAM-2 sediment transport model to estimate mainstem
coarse sediment fluxes. '

One goal of the Study Plan was to “develop a reach-specific coarse sediment budget for the
purpose of determining any cumulative effects of the Project on Project-affected reaches of the
lower Tuolumne River.” While the study looked at current conditions, it did not look at any
possible future flows. Additionally, it appears that cumulative effects of the Project were
represented by modeling the change in coarse sediment storage within two reaches of the lower
Tuolumne River channel for the 2000-2012 and 2005-2012 periods. In order to accurately
represent the cumulative effects of the “Project on Project-affected reaches” State Water Board
staff believes that it is necessary to run the DREAM-2 sediment transport model for the entire
available hydrology set, not just recent years.

Additionally, since it is likely that the flow requirements (as well as gravel augmentation
requirements)® in the Tuolumne River will change as a result of the relicensing process, it can
be assumed that the coarse sediment budget will change. The DREAM-2 sediment transport
model needs to look at cumulative effects of possible future flows on bed load transport. State
Water Board staff assumes that the DREAM-2 sediment transport model is a proprietary model
that the RPs will be unable to access or use. The State Water Board requests that the Districts
make a modeler available to the RPs in order to run a set number of different conditions (e.g.,
flow, gravel augmentation). This can be accomplished by holding a workshop similar in format
to those held for W&AR Study Plan No. 2. As stated in Section 1.4.1 of the Progress Report,
“the mass balance between coarse sediment supply and bedload transport capacity is a
fundamental relationship governing morphologic responses in river channels, including channel
form, charnnel aggradation and degradation, sediment storage, and bed surface texture”
(emphasis added). Understanding the mass balance between coarse sediment supply and
bedload transport capacity in the Tuolumne River under a variety of flow conditions is imperative
in understanding the current Project effects and potential future Project effects.

W&AR Study Plan No. 5: Salmonids Population Information Integration and Synthesis
Study Plan

The Salmonids Population Information Integration and Synthesis Study Plan was developed to:
“collect and summarize available existing data on Chinook salmon and O. Mykiss to
characterize the watershed, Project operations and issues affecting salmonid populations;
develop hypotheses to understand potential impacts of contributing factors affecting salmonid
populations; and inform and contribute to development/revision and parameterization of
numerical in-river salmon population models.” In the Salmonids Population Information
Integration and Synthesis Study Report (Study Report) the Districts state that importance of

* Appendix K (Draft Lower San Joaquin River Fish and Wildlife Flow Objectives and Program of Implementation) of
the State Water Board’s Draft Substitute Environmental Document in Support of Potential Changes to the Water
Quality Control Plan for the Bay Delta: San Joaquin River Flows and Southern Delta Water Quality states, “Dams on
the major tributaries of the Bay-Delta, including tributaries to the LSJR [Lower San Joaquin River], block the
movement of gravel eroding from upstream areas needed for salmonid spawning and rearing habitat. Recruitment of
these critical habitat materials is practically lost without gravel replacement and maintenance programs. Dam
operators, including those on the Merced, Tuolumne, and Stanislaus Rivers, should implement and improve on
existing gravel augmentation programs in coordination with fisheries agencies and other restoration activities to
maximize protection of native fish and wildlife” (State Water Board 2012).
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temperature as a factor contributing to Chinook salmon spawning success is unknown because

the Water Temperature Criteria Assessment Study Plan (W&AR Study Plan No. 14) is ongoing.

As previously stated, the State Water Board will rely on the temperature water quality standards
put forth for salmonids in the USEPA Region 10 Guidance for Pacific Northwest State and Tribal
Temperature Water Quality Standards (USEPA 2003).

Additionally, in Section 5.1.3 Anthropogenic Effects the Districts discuss various anthropogenic
influences that may affect habitat of Tuolumne River salmonids. The Districts state that “levees
and bank revetment extend along portions of the river bank from near Modesto (RM 16)
downstream through the lower San Joaquin River and Delta, limiting rearing habitat.” While this
statement is true, the Districts fail to identify many of the Project related influences that limit the
habitat of Tuolumne River salmonids, such as barriers to upstream habitat.

W&AR Study Plan No.6: Tuolumne River Chinook Salmon Population Model Study Plan

The Tuolumne River Chinook Salmon Population Mode! Study Plan is in progress and no
information has been developed. A Tuolumne River Chinook Salmon Population Progress
Report was not included in the ISR. The State Water Board reserves its right to review the final
study report when it is complete and file comments with the Commission.

W&AR Study Plan No. 7: Predation Study Plan

Ornie of the goals of the Predation Study Plan was to “determine the relative habitat use by
juvenile Chinook salmon and predator species at typical flows encountered during the juvenile
salmonid outmigration period.” In an attempt to satisfy this goal, the Predation Study Report
(Study Report) presents the habitat type (Run-Pool, Special Run Pools), habitat locations, and
_habitat sizes of each sampled area (Shoreline Length, Area). CDFW's California Salmonid
Stream Habitat Restoration Manual (CDFW 1998) defines habitat as “the place where a

* population lives and its surroundings, both living and nonliving; includes the provision of life
requirements such as food and shelter.” Using this definition, the habitat information presented
in the Study Report is insufficient. There is no information regarding the substrate, instream
structures (i.e., large woody debris, boulders), habitat complexity, instream cover, and riparian
cover. State Water Board staff understands that the Districts are considering conducting an
additional year of the Predation Study Plan. The State Water Board requests that the Predation
Study Plan be amended to include the collection of this information during the second year of
study. ltis important to properly characterize each site if the study is going to adequately
correlate predator abundance to habitat.

In Section 5.2.3 of the Study Report, the Districts state that “correlation values between habitat
size (shoreline lengths and habitat areas) and site specific abundance estimates were
low...With the exception of largemouth bass, all correlations between habitat size and predator
abundance estimates failed to meet the minimum suggested level of 0.5 to use a ratio-
regression estimator.” However, even though the correlations did not meet the minimum
suggested level of 0.5, in Table 5.2-6 the Districts present river wide abundance estimates
based upon areal density and shoreline density. The study sites selected were in “habitat units
or river reaches that provide suitable habitat for predators and where predators have been
documented in prior studies.” This suggests that it would not be appropriate to use the site
specific results to represent river wide abundance.
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These river wide abundance estimates were also used to calculate the cumulative impact of
predator species on juvenile Chinook, as reported in Section 6.3 of the Study Report. The
results presented in Section 6.3 cannot be considered accurate since they are based upon
abundance estimates that are not accurate.

State Water Board staff is also concerned with the accuracy of the calculated predation rates
presented by the Districts. When calculating predation rates, the Districts used gastric
evacuation rates which assume that the rate of food consumption is constant and a predator’s
ability to constantly feed is not affected by river conditions or predator/prey behavior. The
predation rates were also developed using a very small sample size. Of the 246 stomachs
examined during the study, only 30 contained juvenile Chinook salmon. This is a small sample
size from which to extract a representative predation rate. Furthermore, a comparison of
predation rates developed by this study with those reported by the Districts (1992), Stillwater
Sciences and McBain and Trush (2006) show significant variability. State Water Board staff
believes that due to the many uncertainties of the Districts assumptions and the small sample
sizes, the predation rates presented in the Study Report cannot be considered representative of
actual predation rates occurring in the Tuolumne River.

Given these concerns, the Study Report does meet the goals and objectives of the Predation
Study Plan. Specifically, State Water Board staff believes that the Study Report fails to present
statistically accurate estimates of the relative abundance of predator fish species and estimates
of predation rates. State Water Board staff believes that predation is a significant issue
affecting the survival of juvenile Chinook salmon in the Tuolumne River; however staff does not
agree with the estimates that the Districts presents in the Study Report. Since the results from
the Study Report are going to be used to inform other relicensing studies such as the Chinook
Salmon Population Model (W&AR Study Plan No. 6), it is important that the results are as
accurate as possible.

At the ISR meeting on January 30, 2013, the Districts indicated that they were considering a
second year of implementation for the Predation Study Plan. State Water Board staff requests
that the Districts work with the State Water Board, CDFW, United States Fish and Wildlife
Service (USFWS), and National Marine Fisheries Service (NMFS) develop a second year study
plan to address the areas of concern. The second year study plan would include, at a minimum,
an appropriate method for estimating predator abundance, as well as a sampling plan for the
second study year with a larger sample size during the periods of interest (i.e., fry rearing, smolt
outmigration) at various environmental conditions.

Additionally, the State Water Board is requesting the implementation of the Juvenile Chinook
Salmon Outmigration Flow Study Plan (Attachment B). The limited results of the Predation
Study Plan coupled with the State Water Board’s Draft Substitute Environmental Document in
Support of Potential Changes to the Water Quality Control Plan for the Bay Delta: San Joaquin
River Flows and Southern Delta Water Quality” indicate that predation is an issue affecting the

* Appendix K (Draft Lower San Joaquin River Fish and Wildlife Flow Objectives and Program of Implementation) of
the State Water Board’s Draft Substitute Environmental Document in Support of Potential Changes to the Water
Quality Control Plan for the Bay Delta: San Joaquin River Flows and Southern Delta Water Quality states, “Physical
modifications to river channels, including scour pits, pilings and other structures in the LSJR, Merced, Tuolumne, and
Stanislaus Rivers and the Bay-Delta provide habitat and refuge for predatory fish species and increased opportunities
to prey upon native LSJR fish. Actions should be taken to identify and, where appropriate, modify these habitat
structures to reduce the opportunity for predation on native LSJR fish and other Bay-Delta fish of concern.”
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survival of juvenile Chinook salmon. It is imperative that the Districts begin to look at changes in
the temporal and spatial distribution of juvenile Chinook salmon and how that could affect their
overall growth and survival.

The Districts state that a hydrophone array was installed at Grayson (River Mile 5) but detection .
results for acoustically tagged juvenile Chinook salmon was not included in the Study Report.
The State Water Board believes that this information is valuable and requests that this
information be provided to RPs now and included in the second year study report.

W&AR Study Plan No. 8: Salmonid Redd Mapping Study Plan

The Salmonid Redd Mapping Study Plan is incomplete and ongoing. The State Water Board
reserves its right to review the final study report when it is complete and file comments with the
Commission.

WE&AR Study Plan No. 10: O. Mykiss Population Model Study Plan

The O. Mykiss Population Model Study Plan is in progress and no information has been
developed. An O. Mykiss Population Progress Report was not included in the ISR. The State
Water Board reserves its right to review the final study report when it is complete and file
comments with the Commission.

WSEAR Study Plan No. 11: Chinook Salmon Otolith Study Plan

The Chinook Salmon Otolith Study Plan is in progress and no information has been developed.
A Chinook Salmon Otolith Progress Report was not included in the ISR. The State Water Board
reserves its right to review the fi nal study report when it is complete and file comments with the
Commission.

WE&AR Study Plan No. 12: O. Mykiss Habitat Survey Study Plan

The primary goal of the O. Mykiss Habitat Survey Study Plan was “to provide information on
habitat distribution, abundance and quality in the lower Tuolumne River with a focus on habitat
complexity related to large woody debris (LWD).” The O. Mykiss Habitat Survey Study Report
presented the results of this study and concludes that “due to the generally small size, location,
and lack of complexity, the majority of the LWD in the study reach is unlikely to provide
significant cover and habitat value for O. Mykiss.” State Water Board staff agrees that under
current conditions, the LWD in the study reach probably provides little habitat value for O.
Mykiss. However, the study fails to consider how access to LWD could change under different
flow regimes. For example, the Study Report states that the “majority of the LWD in the
sampling units was either partially or wholly out of the channel and of small size, it does not
provide significant amounts of cover for O. Mykiss to utilize.” The Study Report should identify
LWD that would be available for O. Mykiss to use under different flow conditions.

In regards to upstream LWD that is trapped by Don Pedro Reservoir, the Study Report states
that it “is reasonable to assume that, given the piece sizes, a majority of this wood would flush
through the lower river during high flows if it was not trapped by Don Pedro Reservoir.” This is
contradicted by the Districts previous statement that “there are no data available to determine
how much of the LWD trapped within Don Pedro Reservoir would deposit and persist in the
lower Tuolumne River in the absence of reservoirs.” State Water Board staff wants to point out
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that rivers are dynamic systems, and while certain flow events may flush LWD downstream, the
same flow events may deposit LWD from upstream.

The Districts also state that “the persistence and continued development of overhanging
terrestrial vegetation and small woody debris accumulations may be related to flow regime,
which would be a beneficial cumulative effect of the Project.” While the overhanging terrestrial
vegetation and small wood debris accumulations may be beneficial, they occur as a result of
managed flows. The same flows that allow for these developments are prohibitive of the
recruitment of LWD and riparian connectlwty

Finally, the Districts state: “Average annual total sediment yields to Don Pedro Reservoir,
calculated over the 1923-2011 period, is approximately 373,966 tons/yr of which approximately
90 percent is or particles that are less than 2 mm in size (W&AR-04). This information suggests
that the reductions in fine sediment supply due to trapping in Don Pedro Reservoir and lower
river storage may result in less embeddedness of cobble and boulder substrates that would be
used by O. Mykiss for high flow winter habitat, thus improving overwinter survival for this
species.”

State Water Board staff strongly disagrees with this statement. While Don Pedro Reservoir
traps an estimated 373,966 tons/year of sediment, it is not likely that it results in less
embeddedness of cobble boulder and substrates that would be used by O. Mykiss for high flow
winter habitat. Rivers are dynamic systems. Flows, depending upon their magnitude, transport
sediment downstream. Larger flows are required to move the larger sized sediment. In naturai
systems the transported sediment is replaced from upstream sources. This is not the case with
the Tuolumne River, where significant amounts of sediment are trapped behind Don Pedro
Reservoir and the natural hydrograph has been altered significantly. The fine sediment that is
trapped by Don Pedro Reservoir would most likely be transported downstream and out of the
river under normal flow conditions. The larger sediment (greater than 2 millimeters in size)
requires higher flows for fransport downstream and is more likely to be deposited within the
channel.

W&AR Study Plan No. 13: Fish Assemblage and Population Between Don Pedro Dam and
La Grange Dam Study Plan

In developing an appropriate sampling design for this study, the Districts considered four
sampling techniques (gillnetting, seining, boat electrofishing, and backpack electrofishing).
Based upon the sampling sites and permitting restrictions, the Districts determined that “boat
electrofishing would be the most efficient method to sample fish populations within all available
habitat types within the study area.” The sampling sites were spaced throughout La Grange
Reservoir, from Site 6 (below the Don Pedro tailrace) to Site 1 (above La Grange Dam). Boat
electrofishing was used for sampling at each site. Use of a boat to conduct this study indicates
that the waters of the Tuolumne River between the Don Pedro tailrace and including La Grange
Dam are navigable.

W&AR Study Plan No.14: Temperature Criteria Assessment Study Plan (Chinook Salmon
and O. Mykiss)

The Temperature Criteria Assessment Study Plan (Study Plan) is incomplete and ongoing. The
State Water Board reserves its right to review the final study report when it is complete and file
comments with the Commission.
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The Study Plan was developed by the Districts in order to “develop information on the influence
of temperature on the in-river life-stages of Chinook Salmon and O. Mykiss.” The Study Plan
did not propose any new studies be conducted, but rather would rely on a literature review of
existing data. The Study Plan was not supported by any of the fishery resource agencies
(CDFW, NMFS, or USFWS) and was not required by the Commission in its Final Study Plan
Determination (Determination). As stated earlier in these comments, it is anticipated that the
State Water Board will use the temperature water quality standards for salmonids in the USEPA
Region 10 Guidance for Pacific Northwest State and Tribal Temperature Water Quality
Standards (USEPA 2003).

W&AR Study Plan No.16: Lower Tuolumne River Temperature Model Study Plan

State Water Board staff understands that the Lower Tuolumne River Temperature Model Study
Plan is ongoing and reviewed the Lower Tuolumne River Temperature Model Progress Report
(Progress Report). Staff also reviewed the Water Quality Assessment Study Report (developed
from W&AR Study Plan No. 1), which indicates that temperature will be addressed through the
Lower Tuolumne River Temperature Model Study Plan. The Lower Tuolumne River '
Temperature Model Progress Report lacks sufficient information regarding temperature in the
Tuolumne River. Temperature is a significant issue in the Tuolumne River that impacts water
quality. Temperature needs to be further evaluated. The final Lower Tuolumne River
Temperature Model Study Report (Study Report) must include adequate discussion and
analysis of temperature in the Tuolumne River and must contain information regarding:

¢ the Tuolumne River's listing under Section 303(d) of the Clean Water Act as impaired for
temperature;

* how the Project is impacting temperature in the Tuolumne River;
temperatures that would be protective of the various designated beneficial uses (USEPA
2003); and '

» how temperature in the Tuolumne River is influenced by different flows.

It is also important that the final Lower Tuolumne River Temperature Model (Model) is calibrated
to ensure that it is representative of conditions in the Tuolumne River. The Model must be
calibrated using historical recorded data for various water year types and various instream
flows. It is imperative that the model accurately represents conditions in the Tuolumne River.
The State Water Board requests that the Districts hold a workshop to discuss Model calibration
efforts with interested RPs.

W&AR Study Plan No. 18: Sturgeon Study Plan

The State Water Board appreciates the Districts efforts in compiling information regarding green
sturgeon in the Tuolumne River. The Sturgeon Study Plan was developed to: “collect and
summarize available information on green sturgeon distribution in order to evaluate the likely
presence of green sturgeon in the lower Tuolumne River; characterize green sturgeon habitat
requirements; evaluate potential habitat availability for in-river life stages of green sturgeon in
the lower Tuolumne River; and identify if there are Project-related factors that could potentially
limit green sturgeon habitat in the Tuolumne River.” The Sturgeon Study Report found that
there are “some habitat features within the river that meet requirements for various lifestages,
but then states that “this does not imply that the green sturgeon could utilize this habitat,

”
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particularly since spawning adults appear to select areas containing a suite of habitat suitability
components that are not readily separable.” The second part of this statement is not supported
and should be removed from the Study Report. If habitat is available, it is possible that it has or
could be used.

Additionally, the Districts state that “Based on the long-term unoccupied status of the river,
NMFS’ determination that the river does not provide critical habitat for green sturgeon, and 36
years of fisheries monitoring without encountering any sturgeon, Project operations are not
likely to affect or influence habitat availability for green sturgeon in the Tuolumne River.” State
Water Board staff notes that in the 36 years of fisheries monitoring, none of the efforts were
directed at detecting green sturgeon.

WEAR Study Plan No. 20: O. Mykiss Scale Collection and Age Determination Study Plan

The O. Mykiss Scale Collection and Age Determination Study Plan (Study Plan) was
implemented in order to develop an age-at-length relationship for the Tuolumne River O. Mykiss
population. Itis important that this information is collected and interpreted in an appropriate
manner as it will be used to inform the O. Mykiss Population Model (W&AR Study Plan No.10).

If you have any questions regarding this letter, please contact me at (916) 445-9989 or by email
at pbarnes@waterboards.ca.gov. Written correspondence should be directed to:

State Water Resources Control Board
Division of Water Rights

Attn: Peter Barnes

P.O. Box 2000

Sacramento, CA 95812

Peter Barnes
Engineering Geologist
Water Quality Certification Program

Attachments:

Attachment A: Reservoir Water Temperature Management Feasibility Study

Attachment B: Juvenile Chinook Salmon Outmigration Flow Study Plan

Attachment C: Appendix C (Technical Report on the Scientific Basis for Alternative San Joaquin River
Flow and Southern Delta Salinity Objectives) of the Draft Substitute Environmental Document in

Support of Potential Changes to the Water Quality Control Plan for the Bay Delta: San Joaquin River
Flows and Southern Delta Water Quality
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Ms. Kimberly D. Bose

cc: Ms. Alexis Strauss, Director
U.S. EPA, Region 9
Water Division
75 Hawthorne Street
San Francisco, CA 94105

Mr. Robert Nees

Assistant General Manager
Turlock Irrigation District
P.O. Box 949

Turlock, CA 95381

Mr. John Devine

HDR, Inc.

970 Baxter Blvd.

Portland, ME 04103-5346

References:
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Ms. Pamela Creedon

Executive Officer

Central Valley RWQCB

11010 Sun Center Drive, Suite 200
Rancho Cordova, CA 95670-6114

Mr. Greg Dias

Project Manager
Modesto Irrigation District
P.O. Box 4060

Modesto, CA 95352

CDFW (California Department of Fish and Wildlife; formerly known as California Department of
Fish and Game), February 1998. California Salmonid Stream Habitat Restoration Manual.

Central Valley Regional Water Quality Control Board, 2011. Water Quality Control Plan for the
- Sacramento River and San Joaquin River Basins.

State Water Board (State Water Resources Control Board), 2012. Draft Substitute
Environmental Document in Support of Potential Changes to the Water Quality Control Plan for
the Bay-Delta: San Joaquin River Flows and Southern Delta Water Quality.

USEPA (United States Environmental Protection Agency), 2003. USEPA Region 10 Guidance
for Pacific Northwest State and Tribal Temperature Water Quality Standards.
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Reservoir Water Temperature Management Feasibility Study
Updated March 2013

1.0 Project Nexus and Resource Issues (18CFR 5.9(b}(5))

Continued operation and maintenance (O&M) of the Don Pedro Hydroelectric Project (Project;
Federal Energy Regulatory Commission [Commission] Project No. 2299 ) includes the
impoundment of the Tuolumne River into Don Pedro Reservoir (approximately 2.03 million
acre-feet), and the subsequent controlled release of impounded waters through the Don Pedro
Powerhouse to downstream power and diversion facilities at La Grange. The Districts, which
operate both the Don Pedro and La Grange facilities, are required under the current
Commission license Article 37 to provide instream flow releases below the La Grange facility (at
River Mile 50.5). Except under spill conditions, this required release supplies the majority of
water in the lower Tuolumne River, directly affecting water temperatures in the Tuolumne River
below Don Pedro Dam. The Project results in direct, indirect, and/or cumulative impacts to the
aquatic resources of the lower Tuolumne River from Don Pedro downstream to the confluence
with the San Joaquin River and beyond. This area of impact includes native anadromous
salmonid fishes and their habitat.

This study, in conjunction with Water & Aquatic Resources (W&AR) Study Plan No. 3 (Reservoir
Water Temperature Modeling) and W&AR Study Plan No. 16 (Lower Tuolumne River Water
Temperature Modeling), directly addresses a preliminary issue identified in Scoping Document
1, namely how to manage Project effects on water temperature in the Project Reservoir and
Project-affected downstream reaches.

Understanding the feasibility and options for managing reservoir water temperatures could
inform development of license requirements such as:

s Facility modifications to improve water temperatures in the lower Tuolumne River
o Instream flow releases
» Seasonal reservoir elevation constraints

2.0 Resource Agency Management Goals (18 CFR 5.9(b}(2})

The State Water Resources Control Board (State Water Board) is the primary agency with
jurisdiction over water temperature. The State Water Board’s water temperature management
goals are put forth in the Central Valley Regional Water Quality Control Board's (Cenral Valley
Regional Board) Water Quality Control Plan for the Sacramento River and San Joaquin River
Basins (Basin Plan). With regard to water temperature, the Basin Plan identifies the Don Pedro
Reservoir as suitable for cold freshwater habitat, warm freshwater habitat, and wildlife habitat.
From Don Pedro Dam downstream, the Basin Plan identifies the following existing beneficial
uses related to water temperature: cold freshwater habitat, migration, and spawning; warm
freshwater habitat, migration, and spawning; and wildlife habitat. The Central Valley Regional
Board adopted a resolution to approve the 2008 update to the 303(d) list of impaired water
bodies, which included the proposed listing of the Tuolumne River downstream of the Project as
impaired due to temperature based on data submitted by the California Department of Fish and
Wildlife (CDFW, formerly known as the California Department of Fish and Game).
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National Marine Fisheries Service (NMFS) has developed Resource Management Goals and
Objectives for species listed under the Magnuson-Stevens Fishery Conservation and
Management Act (16 U.S.C. §1801 et seq.) and the Endangered Species Act (ESA) (16 U.S.C.
§1531 et seq.), as well as anadromous species that are not currently listed but may require
listing in the future. NMFS’ (2009) Public Draft Recovery Plan for Sacramento River Winter-run
Chinook salmon, Central Valley Spring-run Chinook salmon, and Central Valley steelhead
outlines NMFS' framework for the recovery of ESA-listed species and populations in California’s
Central Valley. For Central Valley steelhead, the recovery actions identified for the Tuolumne
River are to: (1) conduct habitat evaluations; and (2) manage cold water pools behind La
Grange and Don Pedro dams to provide suitable water temperatures for all downstream life
stages.

Other agencies that may have jurisdiction over reservoir water temperature management issues
include: United States Army Corps of Engineers (COE) for flood control releases and reserved
flood control storage in Don Pedro; the United States Department of the Interior (USDOI),
Bureau of Land Management (BLM) for public land administered by BLM; USDOI, Fish and
Wildlife Service (FWS); the United States Department of Commerce (USDOC), National Marine
Fisheries Service (NMFS); and CDFW.

Relevant resource agency management goals for the Project include, but are not limited to, the
following:

« Maintaining native fish, wildlife, plant species and natural communities for their intrinsic
and ecological value and their benefits to people. This includes habitat protection and
maintenance in a sufficient amount and quality to ensure the survival of all species and
natural communities.

+ Maintaining the diversified use of fish and wildlife including recreational, commercial,
scientific and educational uses.

» Restoring disturbed or altered habitat for all life stages of native fish species including
fish spawning and fish passage habitat and including adult immigration and juvenile
outmigration corridor habitat.

e Protecting, conserving, enhancing and recovering native fishes and their habitats by
providing access to suitable habitats and by restoring fully functioning habitat conditions.

« Maintaining, enhancing and restoring all life stages of native aquatic species by ensuring
connectivity between the Project reservoir and Project-affected stream reaches.

e Maintaining, recovering and restorihg streamflow regimes sufficient to sustain desired
conditions of native riparian and aquatic habitats in Project-affected stream reaches.

« lIdentifying and implementing measures to protect, mitigate or minimize direct, indirect
and cumulative impacts to, and enhance native anadromous fish resources, including
related spawning, rearing, and migration habitats and adjoining riparian habitats.

+ Maintaining, recovering, and restoring riparian resources, channel condition, and aquatic
habitat.
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+ Maintaining, recovering, and restoring streamflow regime sufficient to sustain desired
conditions of native riparian, aquatic, wetland, and meadow habitats.

» Protecting aquatic systems to which species are uniquely adapted.

3.0 Study Goals and Obiecti\fes {18 CFR 5.9(b)}{1))

The goal of this study is to evaluate the feasibility of engineering alternatives for water
temperature management and the selective withdrawal of cold water from Don Pedro Reservoir.
“Feasible” means capable of being accomplished in a successful manner within a reasonable
period of time, taking into account economic, environmental, social, and technological factors.

Objectives to achieve this goal include:

+ identify engineering alternatives for water temperature management and the selective
withdrawal of cold water from Project reservoir;

¢ develop conceptual engineering plans for selective withdrawal facilities; and

» evaluate the potential effectiveness and engineering and biological feasibility of the
various temperature control alternatives, and rank their relative effectiveness for
accessing the cold water pool and delivering cold water to the lower Tuolumne River.

4.0 Existing Information and Need for Additional Information (18 CFR 5.9(b}(4))

Based on available information, no formal assessment of the feasibility of engineering
alternatives for water temperature management and the selective withdrawal of cold water from
the Project reservoir has been completed. The Districts are constructing a three dimensional
water temperature model under W&AR Study Plan 3 which uses current Don Pedro facilities as
the starting point. The model would be capable of analyzing the consequences of different
facility configurations and operations on reservoir water temperature and outflow water
temperature. However to be effective, there is a need to provide water temperature modelers
with feasible engineered alternatives for selective withdrawal facilities. Feasible engineering
alternatives for water temperature management are needed in order to provide realistic inputs
for three dimensional model under development by the Districts. Without development of such
alternatives, the relicensing process will not benefit from the precision and detailed analysis that
could result from inputting such alternatives into the Districts model.

5.0 Study Methods and Analysis

5.1 Study Area

The study area includes the Don Pedro development. (Note the effectiveness of the study -
would be greatly enhanced if the study included assessment of engineering feasibility at the
lower District-operated dam, La Grange. Note that pursuant to the Division of Hydropower
Administration and Compliance Director Edward Abrams’ December 19, 2012 Order 141 FERC
{162,211, the Districts are directed to file a schedule for submitting a license or exemption
application for the La Grange Hydroelectric Project (Commission No. UL11-1-000). The
Districts are encouraged to use this opportunity to coordinate the reservoir water temperature
management feasibility study scope between the two projects.
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5.2 General Concepts

The following general concepts apply to this study:

Personal safety is an important consideration. If the Districts determine the information
cannot be collected in a safe manner, the Districts will notify the Commission and the
relicensing participants as soon as possible via email to discuss alternative approaches to
perform the study.

Resource protection is an important consideration of this study. If a Trustee Agency
determines the information cannot be collected in a manner that avoids unacceptable
impacts on natural resources, the Trustee Agency will notify the Commission, the Districts
and fellow relicensing participants as soon as possible via email to discuss alternative
approaches to perform the study.

The Districts shall make a good faith effort to obtain permission to access private property
where needed well in advance.of performance of the study. If access is not granted or river
access is not feasible or safe, the Districts will notify the Commission and the relicensing
parties as soon as possible via email to discuss alternative approaches to perform the study.

The schedule for each proposed study is reasonably flexible to accommodate unforeseen
problems that may affect the schedule. If a schedule changes, the Districts will notify the
Commission and the relicensing parties as soon as possible via email to discuss alternative
approaches to perform the study.

Field crews may make minor modifications to the study proposal in the field to accommodate
actual field conditions and unforeseen problems. When modifications are made, the
Districts’ field crew will follow protocols in this study proposal. If minor modifications are
made, the Districts will provide a detailed description of the conditions that led to the
decision to modify the study to the Commission and the relicensing parties as soon as
possible via email.

5.3 Study Methods

The Districts shall evaluate water temperature management options for the selective withdrawal
of cold water from the Project reservoir. The study shall include the following steps:

Step 1:  The Districts shall collect, compile, and report site-specific information relevant to

water temperature management of Don Pedro Reservoir. This information should
include, but is not limited to, facility drawings with elevation and size of outlet works,
stream and reservoir bathymetry/topography, and reservoir water temperature
profiles. The Districts should consult with the relicensing participants to identify other
information that may need to be reported in this step. '

Step 2:  The Districts, in collaboration with interested relicensing participants, shall identify all

potential water temperature management alternatives appropriate for each facility.
These alternatives could range from, but are not limited to, reservoir re-operation to
development of a temperature control device.
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Step 3:  The Districts shall coordinate with interested relicensing participants to determine
which water temperature management alternatives should be evaluated further.

Step4:  For selected water temperature management alternatives, the Districts shall develop
conceptual-level design drawings that include a plan and section view of the
selective withdrawal structures and a site layout showing structure location and
orientation, site access, and any necessary support buildings or structures.

Step 5:  The Districts shall develop a planning-level cost estimate for each selected
alternative for comparison purposes.

Step 6:  The Districts shall evaluate the potential effectiveness and engineering and biological
feasibility of the various temperature control alternatives, and shall rank their relative
effectiveness for accessing the respective cold water pools and delivering cold water
to the lower Tuolumne River.

5.4 Products

The product from this study will be a report that describes the actions and evaluations
performed in section 5.3, and identify potential water temperature management alternatives at
each Project development.

5.5 Study Consultation

As the Districts progress through each of the steps described above in section 5.3, when
decision points regarding study details are necessary to continue with study implementation, the
Districts will work collaboratively with interested relicensing participants to review and modify the
study design as appropriate. As a specific example, the Districts shall consult with the CDFW,
the State Water Board, NMFS, FWS, the Commiission and other relicensing participants
regarding which water temperature management alternatives should be evaluated further, as is
described in Step 3 of section 5.3.

5.6 Schedule

The Districts will complete this study by the end of 2013.

6.0 Consistency of Methodology with Generally Accepted Scientific Practices (18 CFR
5.9(b)(6))

An assessment of water temperature alternatives at diversion and impoundment structures is
generally conducted prior to the final design and subsequent construction of specific
temperature control options. While temperature control options are not evaluated during all
relicensing efforts, they are periodically requested in situations where projected facilities have a
significant impact on thermal conditions in project-affected stream reaches. For example, an
assessment of temperature management alternatives was recently prepared by the Licensee of
the DeSabla-Centerville Project (No. 803) for the DeSabla Forebay. In addition, the
Commission recently directed the Merced Irrigation District to conduct a Reservoir Water
Temperature Management Feasibility Study of New Exchequer/Lake McClure using the
methods specified in Section 5.3 above.
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7.0 Level of Cost and Why Districts’ Proposal is Not Sufficient (18 CFR 5.9(b)(7)

The cost to complete this study is estimated to be $150,000. To date the Districts have not
submitted any proposal to study the feasibility of reservoir water temperature management into
the administrative record for this Project relicensing.
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Juvenile Chinook Salmon Outmigration Flow Study Plan
Updated March 2013

1.0 Project Nexus and Resource Issues (18CFR 5.9(b)(5))

The continued operation and maintenance of the Don Pedro Hydroelectric Project (Project) by
Modesto Irrigation District and Turlock Irrigation District (Districts) influences the magnitude and
timing of flows in the Lower Tuolumne River which may, in turn, contribute to direct and
cumulative effects on the temporal and spatial distribution of Chinook salmon juveniles.
Changes in the temporal and spatial distribution of these juveniles could affect their overall
growth and survival and ultimately the abundance of Chinook salmon spawned in the lower
Tuolumne River.

2.0 Resource Agency Management Goals (18 CFR 5.9(b)(2))

Four agencies have resource management goals related to salmonid species and/or their
habitat: (1) U.S. Department of Interior, Fish and Wildlife Service (USFWS); (2) U.S.
Department of Commerce, National Oceanic and Atmospheric Administration, National Marine
Fisheries Service (NMFS); (3) California Department of Fish and Wildlife (CDFW); and (4) State
Water Resources Control Board (State Water Board). Each of these agencies and their
resource management goals is described below.

A goal of the USFWS (2001) Anadromous Fish Restoration Program, as stated in Section
3406(b)(1) of the Central Valley Project Improvement Act, is to double the long-term production
of anadromous fish in California’s Central Valley rivers and streams. Objectives in meeting this
long-term goal include: (1) improve habitat for all life stages of anadromous fish through
provision of flows of suitable quality, quantity, and timing, and improved physical habitat;

(2) improve survival rates by reducing or eliminating entrainment of juveniles at diversions;

(3) improve the opportunity for adult fish to reach spawning habitats in a timely manner;

(4) collect fish population, health, and habitat data to facilitate evaluation of restoration actions;
(5) integrate habitat restoration efforts with harvest and hatchery management; and (6) involve
partners in the implementation and evaluation of restoration actions.

NMFS has developed Resource Management Goals and Objectives for species listed under the
Magnuson-Stevens Fishery Conservation and Management Act (16 U.S.C. §1801 et seq.) and
the Endangered Species Act (ESA) (16 U.S.C. §1531 et seq.), as well as anadromous species
that are not currently listed but may require listing in the future. NMFS’ (2009) Public Draft
Recovery Plan for Sacramento River Winter-run Chinook salmon, Central Valley Spring-run
Chinook salmon, and Central Valley steelhead outlines NMFS' framework for the recovery of
ESA-listed species and populations in California’s Central Valley. For Central Valley steelhead,
the recovery actions identified for the Tuolumne River are to: (1) conduct habitat evaluations;
and (2) manage cold water pools behind La Grange and Don Pedro dams to provide suitable
water temperatures for all downstream life stages. For Central Valley fall/late fall-run Chinook,
the relevant goals are to enhance the Essential Fish Habitat downstream of the Project and
achieve a viable population of Central Valley fall/late fall-run Chinook salmon in the Tuolumne
River. '

CDFW’s mission is to manage California's diverse fish, wildlife, and plant resources, and the
habitats upon which they depend, for their ecological values and for their use and enjoyment by
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the public. CDFW's resource management goals, as summarized in restoration planning
documents such as “Restoring Central Valley Streams: A Plan for Action” (Reynolds et al.
1993}, are to restore and protect California’s aquatic ecosystems that support fish and wildlife,
and to protect threatened and endangered species under California Fish and Game Code
(Sections 6920-6924). :

The State Water Board has responsibility under the federal Clean Water Act (33 U.S.C. §11251-
1357) to preserve and maintain the chemical, physical and biological integrity of the State’s
waters and to protect water quality and the beneficial uses of stream reaches consistent with
Section 401 of the federal Clean Water Act, the Regional Water Quality Control Board basin
plans, State Water Board regulations, and other applicable state law.

3.0 Study Goals and Objectives (18 CFR 5.9(b)(1))

The Juvenile Chinook Salmon Outmigration Flow Study will examine the influence of puise flows
on movement, growth, and survival of Chinook salmon juveniles from the Lower Tuolumne River
during the early stages of fry rearing and during later juvenile development. Studies of fry
emigration and distribution indicate that fry survival to emigration in the Tuolumne River may be
reduced during below normal water years. Outmigration studies of larger juveniles including
smolts, and studies of otoliths taken from Tuolumne River adult Chinook salmon, indicate that
changes in flow influence the timing of emigration in the Tuolumne River, and that only 8% of
successful spawners in 2001-2004 emigrated from the Tuolumne River as fry. (Mesick 2008,
2009, 2010). In the Tuolumne River, the abundance of fry estimated to leave the river and the
proportion of fry to larger juvenile emigrants are substantially different than those conditions
observed in other Central Valley streams where Chinook salmon adult escapement estimates
are substantially higher. Specific data obtained by this study will update information from prior
studies in order to:

» Evaluate the ability of the Project to enhance fry emigration survival by providing variable
flows in February, March, and April; and

¢ Evaluate the ability of the Project to induce emigration of larger juveniles including
smolts by providing variable flows during the April and May time period.

4.0 Existing Information and Need For Additional Information (18 CFR 5.9(b})(4))

Upon emergence from spawning beds, juvenile salmonid fry begin foraging for food and seek
cover in areas of reduced flow or move downstream (Healy 1991). A large downstream
movement of Chinook salmon fry shortly after emergence is typical of most fall-run Chinook
salmon populations in the Central Valley (Moyle 2000). Emigrating salmon in the Central Valley
begin their downstream movement when less than 50 millimeter in fork length (Districts 2011,
Report 2010-3), as found for other rivers in the Central Valley (Erkkila et al. 1950, Hatton 1940,
Hatton and Clark 1942, Willis 1920, Rutter 1902). Seaward migrating fry appear to disperse
once they encounter the upper reaches of the Delta with some moving into the estuary.

Kjelson et al. (1981) observed that peak catches of Chinook salmon fry in the Sacramento-San
Joaquin Delta often followed flow increases and speculated that flow surges influence the
numbers of fry that migrate from the upper river spawning grounds to the Delta (CDFW 2010).
Healey (2001) also observed that downstream juvenile movement correlates to river flow.
Juvenile fall-run Chinook salmon out-migration monitoring in the San Joaquin River tributaries
also indicates that fry movement is stimulated by changes in flows in the February and March
time frame.
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Considering the historical extent of floodplain inundation in the San Joaquin system, and the
expanse of Tule marsh along the San Joaquin River prior to land development, it is likely that
juvenile Chinook salmon reared on inundated floodplains in the San Joaquin River and its
tributaries in the lower reaches where larger numbers and higher growth rates increased
survival (CDFW 2011). Sommer et al. (2001) found higher growth and survival rates of
Chinook salmon juveniles reared on the Yolo Bypass compared with those in the mainstem
Sacramento River. Moyle (2007) observed similar results on the Cosumnes River floodplain.
Drifting invertebrates, the primary prey of juvenile salmonids, were more abundant on the
inundated Yolo Bypass floodplain than in the adjacent Sacramento River (Sommer et al. 2001).

It is also reported that salmon fry historically reared in high numbers in the lower river reaches
and Delta where they would grow to become smolts and then leave for the ocean. Accordingly,
a smaller proportion of juvenile salmon remained in the natal stream reaches before emigrating,
some of which were smolt-sized fish that left as late as June and July. The contribution of these
different life history strategies to production of adult salmon likely varied with a number of
factors, including dry water year conditions when flow and temperature in the lower river and
Delta in the late spring were poorly suited for salmon survival to the ocean. It is likely that
during dry water years, fry emigration in the early season is a particularly important life strategy.
Providing variable flows in February, March, and April may: encourage fry to emigrate from their
natal reaches during such dry years; improve instream rearing conditions in the lower Tuolumne
River, San Joaquin River, and Delta; and increase their survival.

Current conditions in the Delta are generally not favorable to successful rearing of Chinook
salmon juveniles. In the 2009 Federal Energy Regulatory Commission (Commission)
proceeding on Interim Measures for the Tuolumne River ordered by the Commission, Districts’
consultant Noah Hume (2009) testified:

Absent major reductions in export levels, however, it is unlikely that predator habitat
suitability and predation levels in the Delta will markedly improve.’

Professor Peter Moyle (2009) of the University of California at Davis testified in the same
proceeding on behalf of the City of San Francisco, suggesting a strategy to move juvenile
salmon through the Delta quickly, as follows:

However, once the juvenile salmon leave the river, transported by winter flows,
they mostly die. In the past, prior to extensive habitat loss and alteration in the
Delta and San Francisco Estuary, salmon fry and juveniles probably were able to
survive and rear in areas downstream of the Tuolumne River, in extensive
marshes and shallows (Moyle et al. 2008). Today few of these small juveniles
survive to come back as adults. The best survival appears to be of fish that have
become smolts in the river and move rapidly out to sea, spending little time in the
Deilta.

Highest survival occurs during wet years, when there are high flood flows
simultaneously coming from the Merced, Tuolumne, and Stanislaus rivers
(Mesick and Marston 2007, Moyle et al. 2008).

' Dr. Hume’s testimony describes numerous factors that create low likelihood of survival for fish rearing in or
migrating through the Delta.
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In a paper submitted to the State Water Board, Carl Mesick (2010) recommended: “Instead, it
would be more beneficial, particularly during Critical and Dry years, to focus the flow
requirements on temperature management in March and April, when flow releases can best
control water temperatures.”

Flow modifications, or ramping flows, have been associated with increased emigration of
juvenile Chinook salmon (Demko and Cramer 1995, 2000). The mechanism that encourages
migration may vary depending upon the local conditions. Snider and Titus (2001) observed
increased emigration in the lower American River to be related to decreasing flow and that
increased flow encouraged lateral movement, to floodplains, rather than longitudinal movement
out of the river. Similar relationships have been noted in the Tuolumne River (Vasques and
Kundargi 2001; Districts 2010, Report 2010-4) and in the Stanislaus River (M. Palmer,
FISHBIO, pers. comm. 2011). Erikkla et al. (1950) observed emigration from the San Joaquin
River to correspond with reduced flows. Temperature, turbidity, season, fish size, density — all
have been considered cues to seaward emigration (Williams 2008).

5.0 Study Methods and Analysis

5.1 Study Area

The study area includes the Tuolumne River from the upper rotary screw trap (RST) location at
River Mile [RM] 29.8 to the existing downstream RST location at RM 5.2 near Grayson, CA and
the lower San Joagquin River to Vernalis.

5.2 General Concepts
The following general concepts apply to the study:

e Personal safety is an important consideration. The Districts and their consultants will
perform the study in a safe manner and study methodology will be modified
appropriately to ensure safety.

» Resource protection is an important consideration of this study. If a Trustee Agency
determines the information cannot be collected in a manner that avoids unacceptable
impacts on natural resources, the Trustee Agency will notify the Commission, the
Districts and fellow relicensing participants as soon as possible via email to discuss
alternative approaches to perform the study.

* The Districts and the Resource Agencies (USFWS, CDFW, State Water Board, and
NMFS) will collaboratively develop a flow schedule that meets the Juvenile Chinook
Salmon Outmigration Flow Study objectives and the conditions under Article 37 of the
existing license. As amended in 1996, Article 37 requires a modified minimum flow
regime to protect fishery resources in the Tuolumne River. These flows are to be
implemented in accordance with the table and schedules which are described in the Pre-
Application Document (PAD) on pages 3-44 and 3-45 or with such schedules as may be
agreed to among the Licensees, the CDFW and the USFWS (Districts 2011).

» Field crews may make minor modifications in the field to adjust to and to accommodate
actual field conditions and unforeseeable events. Any modifications made will be
documented and reported in the draft study report.
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5.3  Study Methods

This study will involve marking and recapturing Chinock salmon fry to characterize potential
migratory responses to flow modifications and the use of acoustic tagging technology to
determine movement and survival of juvenile Chinook salmon from the lower Tuolumne River
and San Joaquin River to Vernalis during the experimental pulse flow period.

Step 1 — Compile Data from Previously Conducted Studies. Information from previously
conducted Chinook salmon spawning and emigration studies (e.g., Districts 2010, 2011), will be
evaluated to identify potential relationships between flow changes and movements of juvenile
salmon. An attempt will be made to identify any relationship among spawning timing,
determined from Chinook salmon adult migration surveys, redd surveys, escapement surveys,
emergence data, and temporal distribution and abundance of juvenile salmon. This information
will be used to identify the appropriate timing and magnitude of instream flow pulses relative to
peak of fry abundance.

Step 2 — Collect New Data. The magnitude, timing, and duration of the experimental instream
flow pulses will be designed and implemented based on the results of Step 1. Flows needed to
induce fry emigration is anticipated to involve increasing then decreasing flows within a short
period (e.g., three to five days) following peak emergence, to stimulate movement of fry when
fry density is greatest. Flow pulses needed to induce emigration of larger juveniles in the April
and May time period is anticipated to involve flows that vary in magnitude and duration. These
two types of experimental pulse flows will take place during the juvenile Chinook salmon fry and
smolt outmigration period in 2014.

The Districts proposed the fry emigration component of this study in 2011. The Districts should
design, in consultation with Relicensing Participants, a flow schedule for the juvenile Chinook
salmon fry and smolt outmigration study period from February to May that will stimulate fry and
smolt emigration. The Districts and Relicensing Participants should collaboratively develop the
flow schedule at a workshop in December 2013 and adaptively manage flows so that the
juvenile Chinook salmon outmigration flow study objectives and the conditions under Article 37
of the existing license are met.

The rationale for implementing experimental instream flow pulses is to understand the response
of juvenile salmon to both rapid and gradual, large and small up-ramps and down-ramps. This
will incorporate flow variability that would occur earlier in the year than the previous Vernalis
Adaptive Management Plan (VAMP) flows, as well as to evaluate response to flow fluctuations.

Potential Chinook juvenile response to flow variability will be evaluated by acquiring data on the
size, timing, composition, and condition of the migrating populations. These data will be
collected at the upstream and downstream trapping locations before, during, and after the
experimental instream flows. Ongoing emigration monitoring on the Tuolumne River and the
lower San Joaquin River (i.e., USFWS Delta Juvenile Fish Monitoring, CDFW Mossdale trawi,
etc.) will be used to assist in collecting data on response to flow modifications. Routine sampling
protocols currently being used at the two trapping locations (Sonke et al. 2010) and those
implemented by the USFWS will provide the required information.

Additional information will be acquired to determine the travel time and overall temporal
distribution of potential juvenile emigration, and relative survival during and outside the flow
modification, using a mark and recapture approach.
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This study element will use fish marking to measure transport timing and survival from the upper
to the lower river before, during, and after flow modification. Juveniles collected at the upper
trapping site (RM 29.8) will be marked then released. When recaptured at downstream trapping
location (RM 5.2), information on each observed marked fish will be recorded. All salmon
collected at the upper location will be marked using Bismarck brown, an external mass marking
technique that will allow trap technicians to readily identify marked fish when collected at the
downstream trapping location. Additionally, subsamples of each release group will be sorted
within a narrow size range (e.g., £3 mm) with each group marked with unique colors using pan
jet marking on specific fins to provide information on transport timing between release locations
and recapture locations as well as estimates of growth rates. The uniquely marked fish will allow
for improved estimates of numbers of recaptured fish.

The ongoing seine surveys will be expanded to include up to two additional sample sites
between the two RSTs. Seining will be conducted using the current protocols. The purpose of
seining is to determine distribution at time between the two traps. Additionally, any fish
recaptured in the lower San Joaquin River during the ongoing seine surveys and at the
Mossdale trawl will be incorporated into the data analysis.

Acoustic tags will be surgically implanted into coded wire tagged juvenile Chinook salmon
provided by CDFW from the Merced River Fish Facility. Fish movements will be monitored
with an acoustic tracking system prior to and during the experimental instream flows during

the smolt outmigration period in April and May. A network of Hydroacoustic Technology, Inc
(HTI) acoustic receivers will be deployed within the lower Tuolumne River at Grayson (RM 5.0),
at the confluence with the San Joaquin River, and at strategic locations of interest in the San
Joaquin River (i.e. Head of Old River, Durham Ferry, Mossdale) to detect movements of
acoustically tagged juvenile Chinook salmon from the Tuolumne River through the lower San
Joaquin River during the pulse flow outmigration period. Migration timing, predation risk, and
survival from the lower Tuolumne River to the lower San Joaquin River before, during, and after
flow modification will be evaluated. The Districts should seek and develop potential partnership
opportunities with the California Department of Water Resources, the U.S. Bureau of
Reclamation, and USFWS to implement elements of this study with other ongoing juvenile
Chinook salmon survival studies that are currently being implemented in the lower San Joaquin
River.

Step 3 — Analysis. Using data collected in Steps 1 and 2, the response of Chinook salmon
juveniles to variable flows will be summarized by time frame (i.e., prior, during and after flow
modification). Individual fish migration times in relation to environmental variables will be
determined as well as estimates of growth rates and survival. Summary of magnitude,
composition, and condition will be compared among the three time frames to identify changes in
those attributes relative to the flow manipulation.

A literature search will also be conducted to address the pros and cons of differing timing
scenarios that are advantageous to juvenile Chinook salmon emigration. The research would
compile and analyze data on emigration trends in Central Valley streams, delta salmonid
monitoring results, predation risk, and available information on delta rearing conditions under
varying water year types. Such information would help reduce uncertainties regarding the utility
of inducing juvenile emigration at differing times and salmon lifestages.

Step 4 — Prepare Report. The Districts will prepare a report that includes the following sections:
(1) Study Goals, (2) Methods and Analysis, (3) Results, (4) Discussion, and (5) Conclusions.
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5.4 Products

The Districts will prepare a report, to document the methodology and results of the study as
described in Step 4 above.

5.5 Schedule

Study Flow Scheduling Workshop December 2013

New Data Collection February 2014 — May 2014
Data Entry, QA/QC, and Analysis May 2014 — July 2014

Report Preparation August 2014 — November 2014
Report Issuance December 2014

6.0 Consistency of Methodoloqy with Generally Accepted Scientific Practices
(18 CFR 5.9(b)(6))

The methods used to monitor response to the flow fluctuations are consistent with the protocols
developed by the USFWS (1997, 2008) and methods being used in other similar investigations
within the Central Valley.

7.0 Level of Effort and Cost (18 CFR 5.9(b)(7)

Study Plan implementation will take advantage of existing RST and juvenile Chinook salmon
sampling and existing acoustic receiver equipment owned by the Districts and/or Relicensing
Participants. The cost of the study is estimated to be $200,000 for acoustic tags and $100,000
for data analysis and report preparation.
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1 Introduction

The State Water Resources Control Board (State Water Board) is in the process of reviewing
the San Joaquin River (SJR) flow objectives for the protection of fish and wildlife beneficial
uses, water quality objectives for the protection of southern delta agricultural beneficial uses,
and the program of implementation for those objectives contained in the 2006 Water Quality
Control Plan for the San Francisco Bay/Sacramento-San Joaquin Delta Estuary (2006 Bay-
Delta Plan). Figure 1.1 displays the project area corresponding to SJR flow objectives and
program of implementation and Figure 1.2 displays the project area for the southern Delta water
guality objectives and program of implementation.

The information and analytical tools described in this report (referred to hereafter as Draft
Technical Report or Technical Report) are intended to provide the State Water Board with the
scientific information and tools needed to consider potential changes to these objectives and
their associated program of implementation. In this quasi-legislative process, State Water Board
staff will propose amendments to the SJR flow objectives for the protection of fish and wildlife
beneficial uses, southern Delta water quality objectives for the protection of agricultural
beneficial uses, and the program of implementation contained in the 2006 Bay-Delta Plan. Also,
the environmental impacts of these amendments will be evaluated in a Substitute Environmental
Document (SED) in compliance with the California Environmental Quality Act. Any changes to
water rights consistent with the revised program of implementation will be considered in a
subsequent adjudicative proceeding.

The State Water Board released the first draft of the Technical Report on October 29, 2010. In
order to receive comments and other technical information related to that draft, the State Water
Board solicited public comments and held a public workshop on January 6 and 7, 2011. The
purpose of the public workshop was to determine whether: 1) the information and analytical
tools described in the Draft Technical Report are sufficient to inform the State Water Board’s
decision-making to establish SJR flow and southern Delta salinity objectives and a program of
implementation to achieve these objectives; and 2) the State Water Board should consider
additional information or tools to evaluate and establish SJR flow and southern Delta salinity
objectives, and a program of implementation to achieve these objectives. The State Water
Board received 21 comment letters on the Draft Technical Report which are available at:
http://lwww.waterboards.ca.gov/waterrights/water_issues/programs/bay_delta/bay_delta_plan/w
ater_quality_control_planning/comments120610.shtml.

The public workshop was organized into a series of panel discussions by technical experts
concerning the following topics: 1) hydrologic analysis of the SJR basin; 2) scientific basis for
developing alternative SJR flow objectives and a program of implementation; 3) scientific basis
for developing alternative southern Delta water quality objectives and a program of
implementation; and 4) water supply impacts of potential alternative SJR flow and southern
Delta water quality objectives. The written comments and verbal comments made at the
workshop raised a number of issues concerning the Draft Technical Report.

As a result of those comments, several edits were made and a revised draft was issued in
October, 2011, which also included draft basin plan amendment language as Appendix A. That
version of the Technical Report was submitted for independent scientific peer review in October
of 2011. The peer review comments, in addition to other information concerning the peer review
process, are available on the State Water Board’s website at:
http://lwww.waterboards.ca.gov/water_issues/programs/peer_review/sanjoaquin_river_flow.shtl
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Barriers, Water Quality Compliance Stations, and Major Flow Gages

This February 2012 version of the Technical Report has been revised to addresses peer review

comments. Not all of peer-review comments required a change in the Technical Report, but all
will be addressed in a separate response to comments document. The Final Technical Report,
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response to comments document, and peer review findings will be included in the SED as an
Appendix. Any impacts associated with the flow alternatives that are described in the Final
Technical Report will be discussed in more detail in the impacts section of the appropriate
resource chapter of the SED.

The following is a brief summary of the information presented in the subsequent sections of this
report.

Section two provides an analysis of the flow regime within the SJR basin. The purpose of this
hydrologic analysis is to describe how the magnitude, frequency, duration, timing, and rate of
change of flows in the SJR and its major tributaries have been altered within the project area.
This analysis is accomplished through a comparison of observed flows against unimpaired*
flows for each of the major tributaries in the project area (i.e., Stanislaus, Tuolumne, and
Merced Rivers).

Section three provides the scientific basis for developing SJR flow objectives for the protection
of fish and wildlife beneficial uses and a program of implementation to achieve those objectives.
This section includes life history information and population variations for SJR fall-run Chinook
salmon and Central Valley Steelhead, and flow needs for the reasonable protection of fish and
wildlife beneficial uses in each of the major tributaries. Specific support for developing
alternative SJR flow objectives focuses on the importance of the flow regime to aquatic
ecosystem processes and species. Specifically, the Technical Report focuses on the flows
needed to support and maintain the natural production of SJR fall-run Chinook salmon,
identifying juvenile rearing in the tributary streams and migration through the Delta as the most
critical life history stages. Flow alternatives, expressed as percentages of unimpaired flow in the
juvenile rearing and migration months of February to June, represent the range of alternatives
that will be further developed in the SED.

Section four provides the scientific basis for developing water quality objectives and a program
of implementation to protect agricultural beneficial uses in the southern Delta, including the
factors and sources that affect salinity concentrations and salt loads (mass of salt in the river),
and the effects of salinity on crops. Information is provided on tools that can be used to:
estimate salinity in the SJR at Vernalis and in the southern Delta; quantify the contribution of
salinity from National Pollutant Discharge Elimination System (NPDES) discharges; model
salinity effects on crop salt tolerance; and evaluate threshold levels for salinity impacts on the
Municipal and Domestic Supply (MUN) beneficial uses.

Section five describes the tools and methods that will be used in the SED to analyze the effect
of flow and southern Delta water quality alternatives on water supplies in the SJR watershed. A
range of SJR and tributary flow requirement alternatives was selected to demonstrate
applicability of the data, methods, and tools for analyzing the associated effects. The range of
alternatives presented in this section is based on minimum flow requirements of 20%, 40%, and
60% of unimpaired flow from the SJR tributaries during the months of February through June.
The range of SJR flow and southern Delta water quality alternatives will be further refined in the
SED. The potential environmental, economic, water supply, and related impacts of the various
alternatives will then be analyzed and disclosed prior to any determination concerning changes
to the existing SJR flow and southern Delta water quality objectives and associated programs of
implementation.

! Unimpaired flow is a modeled flow generally based on historical gage data with factors applied to primarily remove
the effects of dams and diversions within the watersheds. It differs from full natural flow in that the modeled
unimpaired flow does not remove changes that have occurred such as channelization and levees, loss of floodplains
and wetlands, deforestation, and urbanization.
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2 Hydrologic Analysis of San Joaquin River Basin

Construction of storage infrastructure (dams) and diversions have vastly altered the natural flow
regime of the San Joaquin River (SJR) and its major tributaries (McBain and Trush 2000;
Kondolf et al. 2001; Cain et. al 2003; Brown and Bauer 2009). The purpose of this hydrologic
analysis is to describe how the magnitude, frequency, duration, timing, and rate of change of the
flows in the SJR and its major tributaries have been altered within the project area. This analysis
is accomplished by comparing observed flows against unimpaired flows for each of these rivers.
As described in Section 2.2.2, unimpaired flows are estimated on a monthly basis for water
years 1922 to 2003 by DWR, and for the purpose of this analysis, are considered to adequately
portray the natural flow regime.

The SED identifies the Lower San Joaquin River (LSJR) as the portion of the SJR downstream
of the Merced River confluence. The Stanislaus, Tuolumne, and Merced Rivers (LSJR
tributaries), together with San Joaquin River flows into Millerton Lake (Upper SJR) are the major
sources flow to the LSJR. The Chowchilla and Fresno Rivers, the Valley Floor, and Tulare Lake
Basin also contribute a small portion of flow to the LSJR.

2.1 Basin Characteristics and Descriptive Studies

In the Sierra Nevada, as in other systems dependent on snow pack and snow melt, the typical
components of the unimpaired flow regime generally include: fall storm flows, winter storm
flows, spring snowmelt, and summer baseflows (McBain and Trush 2000; Kondolf et al. 2001;
Stillwater Sciences 2002; Cain et al. 2003). These characteristics are present in the LSJR
tributaries and Upper SJR in nearly all years, with wide temporal variations in magnitude
throughout the year and from year to year. These characteristics are illustrated in Figure 2.1 and
Figure 2.2 for a Wet water year (2005) and a Critically Dry water year (2008), respectively, for
the Stanislaus River. Though the overall flow magnitudes may be different, the other
characteristics of the flow regimes of the LSJR tributaries and the Upper SJR are all similar.

The mainstem of the SJR is 330 miles long from its headwaters in the Sierra Nevada Mountains
to its confluence with the Sacramento River and drains an area of approximately 15,550 square
miles. The SJR near Vernalis (Vernalis) is roughly the location where all non-floodplain flows
from the SJR basin flow into the Delta. Vernalis is located at river mile (RM) 72, as measured
from its confluence with the Sacramento River, and is upstream of tidal effects in the Delta.
Table 2.1 summarizes the basin characteristics of the LSJR tributaries and Upper SJR.

The Stanislaus River flows into the mainstem SJR approximately three miles upstream of
Vernalis. The Stanislaus River is 161 miles long and drains approximately 1,195 square miles of
mountainous and valley terrain. Approximately 66 miles of the Stanislaus River are downstream
of the New Melones Dam, 59 miles of which are downstream of Goodwin Dam, the most
downstream impediment to fish passage. There are 28 Division of Safety of Dams (DSOD)
dams on the Stanislaus River (and 12 additional non-DSOD dams) with a total capacity of 2.85
million acre-feet (MAF).
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Figure 2.1. Typical Stanislaus River Annual Hydrograph of Daily Average Unimpaired and
Observed Flows during a Wet Water Year (2005) lllustrating Important Hydrograph
Components

12
- Unimpaired Flow @ Goodw in Dam (River Mile 58) - - —— -~ -~ ___
10 4 - Observed Fow @ Ripon (River Mle16)
sl -

Flow (1000 cfs)

O M L "\ Hi" \\ - T T T T T v“vu\hﬂ"'\‘ —_.\-—‘
O-07 N-07 D-07 J-08 F-08 M-08 A08 M-08 J-08 J-08 A08 S-08
Water Year 2008 (Critically Dry)

Figure 2.2. Typical Stanislaus River Annual Hydrograph of Daily Average Unimpaired and

Observed Flows during a Critically Dry Water Year (2008) lllustrating Important
Hydrograph Components

2-2



December 2012 SJR Flow and Southern Delta Salinity Technical Report

Table 2.1. Summary of Watershed and Dam Characteristics for each of the LSJR tributaries and Upper SJR.

Characteristic

Stanislaus River

Tuolumne River

Merced River

Upper San Joaquin River

Median Annual
Unimpaired Flow (1923-
2008)

1.08 MAF

1.72 MAF

0.85 MAF

1.44 MAF (upstream of Friant)

Drainage Area of
Tributary at confluence

1,195 square miles
(82% upstream of

1,870 square miles
(82% upstream of La

1,270 square miles
(84% upstream of Merced

5,813 square miles
(28% upstream of Friant)

with San Joaquin Goodwin) Grange) Falls)

(and percent of tributary

upstream of unimpaired

flow gage)*

Total River Length and 161 mi 155 mi 135mi 330 mi

Miles Downstream of New Melones: 62 mi New Don Pedro: 55 mi New Exchequer: 63 mi Friant: 266 mi
Major Dam Goodwin: 59 mi La Grange: 52 mi Crocker Huffman: 52 mi

Confluence with SJR RM 75 RM 83 RM 118 RM 118

River Miles (RM)
Upstream of Sacramento
River Confluence

Number of Dams® 28 DSOD dams® 27 DSOD dams 8 DSOD dams 19 DSOD dams
(12 non DSOD)
Total Reservoir Storage” | 2.85 MAF 2.94 MAF 1.04 MAF 1.15 MAF

Most Downstream Dam
(with year built and

capacity)”

Goodwin, 59 miles
upstream of SJR (1912,
500 ac-ft).

LaGrange, 52 miles
upstream of SJR (1894,
500 ac-ft).

Crocker-Huffman, 52 miles
upstream of SJR (1910,
200 ac-ft).

Friant, 260 miles upstream of
SJR (1942, 520 taf)®

Major Dams (with year
built, reservoir capacity,
and dam that it replaced
if applicable)”

New Melones (1978, 2.4
MAF), replaced Old
Melones (1926, 0.113
MAF); Tulloch, Beardsley,
Donnells “Tri-dams
project” (1957-8, 203 taf);
New Spicer Meadows
(1988, 189 taf)

New Don Pedro (1970,
2.03 MAF) replaced Old
Don Pedro (1923, 290
taf); Hetch Hetchy (1923,
360 taf); Cherry Valley
(1956, 273 taf)

New Exchequer (1967, 1.02

MAF), replaced Exchequer
(1926, 281 taf); McSwain
(1966, 9.7 taf)

Friant (1942, 520 taf);
Shaver Lake (1927, 135 taf);
Thomas Edison Lake (1965;
125 taf); Mammoth Pool
(1960, 123 taf)

Source: Adjusted from Cain et al. 2003; *NRCS Watershed Boundary Dataset (2009); “Kondolf et. al. 1996 (adapted from Kondolf et
al. 1991) as cited by Cain et al. 2003; *Division of Safety of Dams (DSOD) dams are those > 50 ft in height and > 50 ac-ft, “Cain et
al. 2003; ®> No water through Gravelly Ford (RM 229) except during high runoff periods (Meade 2010).
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The Tuolumne River flows into the SJR at RM 83, approximately eight miles upstream of the
Stanislaus River confluence. The Tuolumne River is 155 miles long and drains an area of 1,870
square miles. Approximately 55 miles of the Tuolumne River are downstream of New Don
Pedro Dam, 52 miles of which are downstream of La Grange Dam, the furthest downstream
impediment to fish passage. There are 27 DSOD dams on the Tuolumne River with a total
capacity of 2.94 MAF.

The Merced River flows into the SJR at RM 118, approximately 35 miles upstream of the
Tuolumne River confluence. The Merced River is 135 miles long and drains a 1,270 square mile
watershed. Approximately 63 miles of the Merced River are downstream of the New Exchequer
Dam, 52 miles of which are downstream of Crocker Huffman Dam, the most downstream barrier
to fish migration. There are eight DSOD dams on the Merced River with a total capacity of 1.04
MAF.

Additional flow enters the SJR upstream of the Merced River confluence and downstream of
Friant Dam from the Chowchilla and the Fresno Rivers and the Tulare Lake Basin. These two
rivers have smaller watersheds that do not extend to the crest of the Sierra Nevada Mountains
and consequently, deliver a much smaller portion of flow to the SJR. In most years, no flow
enters the SJR from the Tulare Lake Basin, with the exception being years with high rainfall,
when the Tulare Lake Basin connects to the SJR and contributes flow to the system. Flow from
these sources is discussed further in Section 2.4 of this report.

The headwaters of the SJR are on the western slope of the Sierra Nevada Mountains at
elevations in excess of 10,000 feet. At the foot of the mountains, the Upper SJR is impounded
by Friant Dam, forming Millerton Lake. The SJR upstream of the Merced River confluence,
including the Upper SJR, and the Fresno and Chowchilla Rivers, drains a watershed area of
approximately 5,800 square miles, with approximately 1,660 square miles occurring upstream of
Friant Dam. There are 19 DSOD dams with a total storage capacity of 1.15 MAF in the SJR
watershed upstream of the Merced River confluence.

Previous to this technical report, studies of SIJR hydrology and effects on fisheries (McBain and
Trush 2000; Kondolf et al. 2001; Stillwater Sciences 2002; USACE 2002; Cain et al. 2003,
Brown and Bauer 2009) focused on floods and flow frequencies within the tributaries and
provide less detail regarding annual, seasonal, and inter-annual trends. These studies relied
primarily on historical, daily time-step gage data rather than on daily unimpaired flow for each
tributary because unimpaired flow data was not readily available for all tributaries. These studies
did not evaluate the possible effects of human alteration within the tributaries to flows at
Vernalis.

These studies relied upon flow gage data from periods prior to major changes in the watershed
as a proxy for unimpaired flows. This is often called pre-regulated flow or pre-dam flow, and
generally represents flows that occurred prior to construction of a specific project or multiple
projects within the water system. For example, pre-regulated flows could be the flows that
existed prior to the construction of a hydroelectric or water supply reservoir. In most cases, pre-
regulated flows do not fully represent unimpaired flow unless there was no development of
water in the watershed for the period of time chosen by the researcher. Three potential
differences or issues with using pre-regulated flow in place of unimpaired flow are: 1) each
researcher may choose different periods of time to describe the alteration or pre-regulated
period, 2) it is nearly impossible to obtain observed flows for time periods prior to all
moadifications, and 3) depending on the time period used, that time period may bias the results
due to differences in climate, and/or decadal trends when comparing pre-regulated and present-
day periods. In contrast, use of unimpaired flow allows for a more direct comparison with, and
assessment of, the magnitude of alteration of flows relative to past conditions.
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The appendices to San Joaquin Basin Ecological Flow Analysis by Cain et al. (2003) contain
comprehensive hydrologic analyses of the hydrology of the SJR basin focusing on the LSJR
tributaries and Upper SJR. The investigators used various approaches to analyze the hydrology
of the SJR basin including a Hydrograph Component Analysis and an analysis using Indicators
of Hydrologic Alteration. The Hydrograph Component Analysis on the LSJR tributaries and the
Upper SJR (Appendix B of Cain et al. [2003]) was done by taking the unimpaired flow
hydrograph and segregating various components (roughly seasonal) based on similar specific
characteristics important to the natural ecosystem (Figure 2.1 and Figure 2.2). When
unimpaired flow is not available, previous researchers have often separated the historical data
into assorted periods that represent varying degrees of watershed modifications, such as the
construction of dams and diversions. In some instances, the earlier gaged flows may represent
natural flow; however, given that early settlement and diversions within the Central Valley began
in the mid-19th century, historical flows may not fully represent unimpaired flow. The
Hydrograph Component Analysis in Appendix B of Cain et al. (2003) was based on available
unimpaired flow estimates for the Tuolumne and the Upper SJR, and observed flow from early
periods representing less modified and/or pre-dam conditions for the Merced and Stanislaus
Rivers.

The Nature Conservancy (TNC) developed the Indicators of Hydrologic Alteration software to
calculate a set of metrics that evaluate magnitude, timing, and frequency of various events.
Such metrics include annual peak daily flow, 30-day peak flow, annual minimum flow, and 30-
day minimum flow among several others (Richter et al. 1996, 1997; Cain et al. 2003, TNC
2005). At the time of the Cain et al. 2003 study, daily unimpaired data was only available for the
Tuolumne River, thus the Indicators of Hydrologic Alteration analysis used gage data from
earlier periods to best represent pre-dam conditions in lieu of unimpaired data, and compared
these to post-dam conditions. Brown and Bauer (2009) also completed an Indicators of
Hydrologic Alteration analysis for the SJR basin.

2.2 Hydrologic Analysis Methods

This report presents annual, inter-annual, and seasonal components of the unimpaired annual
hydrograph and compares these to present-day observed conditions. Specifically, it focuses on
changes in magnitude, duration, timing, and frequency of flows to assess what alterations have
occurred. To characterize present-day conditions, this analysis uses newly available information
along with historical observed data from various United States Geological Survey (USGS) and
California Department of Water Resources (DWR) gages, and extends portions of the analyses
conducted by previous investigators. Unimpaired flow data is developed by DWR as described
in more detail below.

2.2.1 Selection of Flow Data and Gages

This report uses the USGS gages located at the most downstream location for each of the LSIJR
tributaries, the Upper SJR, and at Vernalis to characterize historical observed flows. The most
downstream gage was selected in order to account for as many diversions and return flows as
possible in each of the tributaries (primarily within the Tuolumne and Merced Rivers). In general,
the flows measured by the selected gages represent flows originating within the river basin;
however, there are some inter-basin transfers. For example, the Highline Canal transfers
drainage and urban runoff from the Tuolumne River watershed to the Merced River through the
High Line Spill. This report does not attempt to adjust for differences among river basins
resulting from inter-basin transfers or return flows and other accretions from the valley floor
entering downstream between the gage and the confluence with the SJR. A summary of gages
used in this analysis is provided in Table 2.2.
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Table 2.2. Streamflow and Gage Data used in Hydrologic Analysis and Sources of Data

Source/

Reporting Dates Available and
Flow Data Location/Gage No. Agency Source

T 2.

Ve.rnalls' Monthly Flow at Vernalis DWR 1922 to 20103 ;2004
Unimpaired Flow to Present
Vernalis Daily and 34
Monthly Observed Flow USGS #11303500 USGS 1923 to Present
canwood Dally Observed 565 411304810 USGS 1995 to Present’

T 2.
Stamslays Monthly Inflow to New Melones DWR 1922 to 20103 ; 2004
Unimpaired Flow to Present
Stanislaus Daily and 1940 to 2009°; 2009
Monthly Observed Flow USGS #11303000 USGS to Present

2.,
Tuglumne Monthly Inflow to Don Pedro DWR 1922 to 20103 ; 2004
Unimpaired Flow to Present
Tuolumne Daily and 3
Monthly Observed Flow USGS #11290000 USGS 1940 to Present
Merced Monthly 1922 to 2003°: 2004
Unimpaired Flow Inflow to Exchequer DWR to Present
Merced Daily and 1940 to 1995, 2001 to
Monthly Observed Flow  USGS #11272500 USGS 2008% 1995 to 1999,

2008 to Present"

2,
Upper SJR Monthly Inflow to Millerton Lake DWR 1922 to 2003": 2004
Unimpaired Flow to Present
Upper SJR Daily and 3
Monthly Observed Flow USGS#11251000 USGS 1907 to Present

' Source: CDEC Website: http:/cdec.water.ca.gov/selectQuery.html (DWR 2010a)
> Source: DWR 2007a

® Source: USGS Website: http://wdr.water.usgs.gov/nwisgmap/ (USGS 2010)

* No data from October, 1924 to September, 1929.

2.2.2 Unimpaired Flow Sources and Calculation Procedures

This report uses unimpaired flow estimates for comparisons to the historical data from the LSJR
tributary and Upper SJR gages. Unimpaired flow is the flow that would have occurred had the
natural flow regime remained unaltered in rivers instead of being stored in reservoirs, imported,
exported, or diverted. Unimpaired flow is a modeled flow generally based on historical gage
data with factors applied to primarily remove the effects of dams and diversion within the
watersheds. Unimpaired flow differs from full natural flow in that the modeled unimpaired flow
does not remove changes that have occurred such as channelization and levees, loss of
floodplain and wetlands, deforestation, and urbanization. Where no diversion, storage, or
consumptive use exists in the watershed, the historical gage data is often assumed to represent
unimpaired flow. Observed flow is simply the measured flow in the river.

DWR periodically updates and publishes unimpaired flow estimates for various rivers in the
Central Valley. The latest edition is California Central Valley Unimpaired Flow Data, Fourth
Edition, Draft (UF Report; DWR 2007a). The UF Report contains monthly estimates of the
volume of unimpaired flow for all sub-basins within the Central Valley divided into 24 sub-
basins, identified as sub-basins UF-1 through UF-24. The individual sub-basins of the SJR (sub-
basins UF-16 to UF-24) are summed in the UF Report to estimate the “San Joaquin Valley
Outflow” which roughly coincides with Vernalis. For the purposes of analysis presented in this
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chapter, however, the “West Side Minor Streams”1 (UF-24 in the UF Report), was subtracted
from the “San Joaquin Valley Outflow” as this sub-basin enters downstream of Vernalis. The
analysis in this chapter uses monthly unimpaired flow from the UF Report for each LSJR
tributary, the Upper SJR, other inflows, and the flow at Vernalis as follows:

e UF-16: Stanislaus River at New Melones Reservoir;

e UF-17: San Joaquin Valley Floor;

e UF-18: Tuolumne River at New Don Pedro Reservoir;
e UF-19: Merced River at Lake McClure;

e UF-22: SJR at Millerton Lake (Upper SJR)

o UF-20, UF-21, UF-23: summed to equal unimpaired flow from Fresno River, Chowchilla
River and Tulare Lake Basin Outflows

e “San Joaquin Valley Unimpaired Total Outflow” less UF-24: to represent unimpaired flow
at Vernalis.

Because the UF Report does not present unimpaired flows beyond 2003, monthly unimpaired
flow data was downloaded from the California Data Exchange Center (CDEC; sensor #65 “Full
Natural Flow”) for the LSJR tributaries and Upper SJR. To estimate monthly unimpaired flow at
Vernalis for the period beyond 2003, the LSJR tributaries and Upper SJR were summed using
the CDEC data and a linear correlation of tributary-to-Vernalis flow for 1984 to 2003 was
developed. This linear correlation was then applied to the 2004 to 2009 LSJR tributary and the
Upper SJR flows to result in the corresponding flows at Vernalis. The LSJR tributaries and
Upper SJR are the only locations in the SJR basin with monthly data available from CDEC.

Unimpaired flow calculations for sub-basins 16, 18, 19, and 22 are conducted by the DWR
Snow Survey Team. The methods of calculation are consistent for each sub-basin. Each begins
with a flow gage downstream of the major rim dam. This is adjusted by adding or subtracting
changes in storage within the major dams upstream, adding losses due to evaporation from the
reservoir surfaces, and adding flow diverted upstream of the gage (Ejeta, M. and Nemeth, S.,
personal communication, 2010). Within DWR'’s calculations, the San Joaquin Valley Floor sub-
basin is taken into account approximately at Vernalis, rather than within each LSJR tributary and
the Upper SJR. It is possible that some portion of the flow attributed to the Valley Floor enters
the tributaries themselves rather than the mainstem SJR; however, no attempt was made to do
so as the valley floor component makes up only roughly 3% of the average annual unimpaired
flow on the LSJR tributaries (DWR 2007a). Therefore, without Valley Floor unimpaired
estimates for the LSJR tributaries and Upper SJR, it is assumed the monthly unimpaired flow
estimates at the tributary rim dams provide an adequate portrayal of the natural flow regime for
comparison against observed flows at the mouths of the tributaries.

Although the UF Report is used in this analysis, there are four components of flows that are not
addressed by the calculations of unimpaired flow in the UF Report. First, it is likely that ground
water accretions from the very large Central Valley Floor (including both the Sacramento and
San Joaquin Valleys) were considerably higher under natural conditions; however, as stated by
DWR, no historical data is available for its inclusion. Valley Floor unimpaired flow uses factors to
estimate flows in minor streams that drain or discharge to the Valley Floor only and does not
include groundwater accretions. Second, historical consumptive use of wetland and riparian

1 “West Side Minor Streams” does not include all west side streams; only those draining directly to the
Delta. Other west side streams are included in the “San Joaquin Valley Floor” which is UF 17 in the UF
Report (DWR 2007; personal communication, Ejeta and Nemeth 2010)
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vegetation in wetlands and channels of the un-altered Central Valley could be significantly
higher than current consumptive use but values are difficult to estimate. Third, during periods of
high flow, Central Valley Rivers under natural conditions would overflow their banks thus
contributing to interactions between groundwater and consumptive use; however, the current
UF Report does not attempt to quantify these relationships. Fourth, the outflow from the Tulare
Lake Basin under natural conditions is difficult to estimate, and the unimpaired flow reported for
this sub-basin are only those observed from a USGS gage at Fresno Slough. It is uncertain to
what degree these flows represent the natural condition.

In addition to the monthly estimates available in the UF Report, CDEC publishes real time
average daily estimates of unimpaired flow just downstream of the major rim dams for the
Stanislaus River at New Melones Dam starting in 1992, the Tuolumne River at New Don Pedro
Dam starting in 1989, the Merced River at New Exchequer Dam starting in 1988, and the Upper
SJR at Friant Dam starting in 1987. Only monthly unimpaired flow data is currently available for
application at Vernalis. To assess alterations to storm flows or short term peak flows at this
location, daily unimpaired flow estimates would be needed.

2.3 Hydrology of the San Joaquin River at Vernalis

The current hydrology of the SJR is highly managed through the operations of dams and
diversions. As a result, the natural hydrologic variability in the SJR basin has been substantially
altered over multiple spatial and temporal scales. Alterations to the unimpaired flow regime
include a reduced annual discharge, reduced frequency and less intense late fall and winter
storm flows, reduced spring and early summer snowmelt flows, and a general decline in
hydrologic variability (McBain and Trush 2002; Cain et al. 2003; Brown and Bauer 2009; NMFS
2009a). The historical annual and inter-annual hydrologic trends at Vernalis are presented in
Section 2.3.1 below, and the currently altered hydrology at Vernalis on annual, monthly, and
daily temporal scales is presented in Sections 2.3.2 through Section 2.3.4, respectively, below.

2.3.1 Historical Flow Delivery, Reservoir Storage, and Inter-Annual Trends

Figure 2.3 displays the annual difference between unimpaired flow and observed flow in the
SJR at Vernalis from 1930 to 2009, the overlapping range of historical gage data, and
unimpaired flow data. Before 1955 the cumulative storage of reservoirs in the SJR basin was
less than 2.1 MAF. However, by 1978 the cumulative storage in the SJR basin had increased to
just below 8 MAF. Lake McClure (formed by New Exchequer Dam) on the Merced River and
New Don Pedro Reservoir (formed by New Don Pedro Dam) on the Tuolumne River added 0.75
MAF and 1.7 MAF of storage in 1967 and 1970, respectively. New Melones Reservoir (formed
by New Melones Dam) on the Stanislaus River added 2.34 MAF of storage in 1978. Prior to
1955, there was little variation in the volume stored, diverted, or consumptively used; observed
flows were generally between 1.5 and 3 MAF lower than unimpaired flows. After 1955 and again
after 1970, the annual difference in volume became larger and more variable from year to year,
attributable mostly to large increases in storage capacity within the basin. Some of this change
in variability, however, could also be attributable to changes in climate from year-to-year and
decadal trends, which have not been accounted for in this analysis.
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Figure 2.3. Annual Volume Stored, Diverted, or Consumptively Used Upstream of
Vernalis, and Cumulative Reservoir Storage Capacity within the SJR River Basin
Upstream of Vernalis

The median annual unimpaired flow in the SJR at Vernalis from water year 1930 through 2009
was 5.6 MAF. The median annual volume stored, diverted, or consumed was 2.7 MAF, while
the median observed flow as a percentage of unimpaired flow was 44% over the 80 year period.
This median annual reduction in flow relative to unimpaired flow is attributable to exports of
water outside the basin and consumptive use of water in the basin. As shown in Table 2.3, the
volume stored, diverted or used for individual years tends to be greatest in Below Normal to
Critically Dry years because relatively more water is stored and consumptively used than
released in such years.

The greatest volumetric reduction of annual flow has generally occurred during Wet years, and
most significantly in the first year or years following a drought. Water Year 1995 experienced the
greatest reduction from unimpaired flow on record when 7.4 MAF was stored or diverted in the
LSJR tributaries and Upper SJR, ultimately reducing observed flow to 46% of unimpaired flow.
Examples of this effect can be seen in Figure 2.4 in 1993, 1995, and again in 2005 (among
others), which show large diversions to storage during wetter years that follow years of drought.

The years leading up to high storage Wet or Above Normal years were a series of Dry years
forming drought conditions from 1987 to 1993 and again from 2000 to 2004, during which the
guantity of water stored in the major reservoirs within the LSJR tributaries and Upper SJR (New
Melones, New Don Pedro, Lake McClure, and Millerton Lake) was greatly reduced. In contrast,
during the second and third Normal or wetter year following a drought, 1996 to 1997 and again
in 2006, less of the inflows to these reservoirs is stored, resulting in higher percentage of flow
released downstream than during the preceding wetter years.
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Table 2.3. Observed and Unimpaired Annual Flow Statistics and Percent of Unimpaired
Flow (1930 to 2009) in the San Joaquin River at Vernalis

Diverted, Consumed

Observed
Volume Flow as a
Number of Unimpaired Observed Stored,
. Percent of
Occurrences Flow Flow Diverted, or . .
Unimpaired
Consumed
Flow
# Years/ o
(year) (TAF) (TAF) (TAF) (%)
Average of All Years 80 6,290 3,280 3,010 48
Median of All Years® 80 5,640 1,850 2,660 44
Average of Wet Years 25 10,600 6,210 4,390 57
Average of AN Years 14 6,840 3,840 2,990 56
Average of BN Years 11 4,610 1,620 2,990 35
Average of Dry Years 14 3,610 1,400 2,220 40
Average of Critical Years 16 2,590 1,010 1,580 41
Wettest of Years (1983) 18,940 15,410 3,530 81
Driest of Years (2977) 1,060 420 640 40
Greatest % of Unimpaired
Flow Stored, Diverted, (2009) 5,390 870 4,520 16
Consumed
Greatest Volume Stored, (1995) 13,680 6.300 7.380 46

T Median occurred in 2009 for unimpaired flow, 1987 for observed flow, and 1955 for volume stored,

diverted, consumed.
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Figure 2.4. Monthly Unimpaired and Observed Flow in the San Joaquin River at Vernalis and Total Storage Behind New
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2.3.2 Annual Flows for Pre-Dam and Post-Dam Periods

To help differentiate flow changes that have occurred as a result of changes in water storage
facilities and management from changes in hydrology, the hydrologic patterns for two time
periods are presented: 1930 to 1955 and 1984 to 2009. The period from 1930 to 1955 shows
the time before major water storage projects were completed on the Merced, Tuolumne and
Stanislaus Rivers. The period from 1984 through 2009 shows the time after completion and
filling of major water storage projects on these tributaries; New Melones Reservoir was initially
filled during two Wet years—1982 and 1983. Table 2.4 provides summary statistics for these
two time periods which demonstrates that they had similar but not identical hydrologic
conditions. Average annual unimpaired flows for these two periods were 5.9 MAF and 6.1 MAF
respectively, and median annual unimpaired flows were 5.4 MAF and 4.6 MAF respectively.
This shows that the later period was skewed towards lower flows, with twice as many Critically
Dry and Dry years and fewer Above Normal and Below Normal years.

Table 2.4. Unimpaired and Observed Flow Statistics by Water Year Type for 1930 to 1955
and 1984 to 2009

1930-1955 1984 - 2009
# Unimpaired  Observed # Unimpaired  Observed Observed Flow f
Years Flow Flow Years Flow Flow as P erc_entjl?:le 0
(vea) | (TAR)  (TAR) | (vea | (TAR) (Tap) | Onmpatred Flow
Average of All 26 5,900 3,520 26 6,070 2,900 45
Years
Median of All 26 5,400 2,760 26 4,580 1,720 46
Years
Average of Wet 6 9,490 7,160 8 10,750 5,450 50
Years
Average of AN 7 7,070 4,320 3 6,820 4,240 61
Years
Average of BN 6 4,350 1,670 1 4,990 1,360 27
Years
Average of Dry 4 3,410 1,350 5 4,140 1,490 38
Years
Average of 3 2,450 960 9 2,840 1,150 42
Critical Years
pretiest of (1938) | 13,370 10,840 | (1995) | 13,680 8,490 84’
Driest of Years | (1931) 1,680 680 (1987) 2,160 660 16°

T Highest percentage of unimpaired flow
Z Lowest percentage of unimpaired flow.

The period from 1930 to 1955 is representative of conditions where total reservoir storage
volume in the SJR basin ranged from 1.5 MAF to 2.2 MAF, or 27% to 39% of the long-term
median annual unimpaired flow in the basin. The period from 1984 to 2009 is representative of
current conditions, with reservoir storage of 7.6 MAF to 7.8 MAF, or 135% to 138% of the long-
term median annual unimpaired flow in the basin.
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Figure 2.5. Exceedance Curves of Observed and Unimpaired Flow Hydrology in the San
Joaquin River at Vernalis

Exceedance curves for unimpaired and observed flow for the two periods are superimposed on
the long-term unimpaired flow for the entire unimpaired flow data set spanning 1923 to 2009 in
Figure 2.5. A percent chance of exceedance was assigned to each year using the Weibull
plotting positions (Viessman and Lewis 2003). This approach assigns an equal difference in
percent chance exceedance per record. The period from 1930 to 1955 was slightly wetter than
the period from 1984 to 2009. The earlier period had fewer extremes; that is to say there were
fewer Critically Dry and Wet years, and more moderate, Below Normal and Above Normal
years.

As a result of changes in storage and diversion, flow in the river has been reduced, resulting in
low flow conditions more frequently than would have occurred under natural conditions. From
Figure 2.5, based on the unimpaired flow data set, annual flow would have been less than
approximately 2.5 MAF in only about 10% of years, roughly the 10 driest years on record. Under
present-day conditions, annual flows less than approximately 2.5 MAF have been observed in
60% to 65% of years (the 35% to 40% exceedance level). From 1930 to 1955, observed annual
flows less than approximately 2.5 MAF occurred in fewer than 50% of years.

Between 39% and 68% of annual unimpaired flow remained in the river for the 1930 to 1955
period, and between 34% and 58% remained in the river during the 1984 to 2009 period. The
curves corresponding to 40% and 60% of unimpaired flow are overlaid for reference to the
percentage of unimpaired flow ultimately remaining in the river.

In addition to inferences regarding changes over time, the long-term unimpaired flow
exceedance curve in Figure 2.5 indicates that water year classification types do not always
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accurately describe the unimpaired flow volume within that year. For example, many of the
Critically Dry water years had higher annual flow volumes than many of the Dry water years.
This is in part because the water year classification depends partially on the preceding water
year type. An exceedance curve of unimpaired flow is a more direct measurement of estimated
flow because it is derived from hydrologic conditions and ranks them from wettest to driest. The
exceedance curves for 1930 to 1955 and 1984 to 2009 are not separated by water year type as
was done for the long term data, because there are too few years to accurately represent each
water year classification.

2.3.3 Monthly and Seasonal Trends

Increased storage and operational changes have resulted in flow conditions that are more static
with less seasonally variable flows throughout the year (Figure 2.6). There is now a severely
dampened springtime magnitude and more flow in the fall, both of which combine to create
managed flows that diverge significantly from what would occur under an unimpaired condition.
Tables 2.5 through 2.7 contain monthly unimpaired flow, observed monthly flow, and observed
monthly flow as a percentage of monthly unimpaired flow, respectively, in the SJR at Vernalis
for water years 1984 through 20009.

The percentile monthly unimpaired, observed, and percentages of unimpaired flow at Vernalis
are presented in Table 2.8. The median (i.e., middle value of each data set) is given by the 50th
percentile value. These statistics are presented instead of the average (or mean) in order to
focus more on how often various flows occur, and to avoid a statistic that can be skewed by
exceptionally high or low values. Flows presented in this table are not exceeded (i.e., flow is
equal to, or less than given value) for the given percentile. For example, the 60th percentile
percentage of unimpaired flow for May is 18%. This means 60% of monthly May flows between
1984 and 2009 did not exceed 18% of the corresponding monthly unimpaired flow.

Overall the annual flow volumes at Vernalis have been reduced to a median of 46% of
unimpaired flow, while the February through June flow volume has been reduced to a median of
27% of unimpaired flow. In terms of median values, the greatest reduction of the monthly flows
occurs during peak spring snowmelt months of April, May, and June. As presented in Table 2.8,
observed flows during these months are a median of 25%, 17%, and 18% of unimpaired flow,
respectively. This means that in 50% of the water years between 1984 and 2009 the observed
flow as a percentage of unimpaired flow is lower than the median, with the lowest percentages
of unimpaired flow (as seen from Table 2.7) reaching 4% in June of 1991, 7% in May of 1991
and 2009, and 9% in June of 2008 and 2009. These were all in water years classified as either
Critically Dry or Dry. In contrast, the months of August through November have median flows
higher than unimpaired: 133%, 269%, 342%, and 133% of unimpaired flow, respectively, as
shown in Table 2.8.

The unimpaired flow magnitude of the snowmelt varies dramatically each year as shown in
Table 2.8 by an inter-quartile range (i.e., the difference between 75th percentile and 25th
percentile) of 376, 981, and 766 TAF for the months of April, May, and June, respectively,
compared to observed conditions, where this range has been reduced to roughly 233, 199, and
92 TAF, respectively. By comparison, Table 2.8 shows the inter-quartile range is slightly
increased for September and October. This large decrease in spring flow magnitude and
variation throughout the year, as well as the augmentation of summer and fall flows is apparent
in nearly all recent years. Figure 2.4 emphasizes this, especially during the later period of 1984
to 2009 where observed flows are significantly lower than unimpaired flow during the wet
season and are higher than unimpaired flow during the dry season.
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Figure 2.6. Monthly Unimpaired Flow (Open Bars) and Observed Flow (Filled Bars) in the
SJR at Vernalis from 1984 to 2009
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Table 2.5. Monthly, Annual, and February through June Unimpaired Flow in the SJR at Vernalis from 1984 to 2009

Water V¥2§r Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep | Annual 53?1
Year Typel (TAF) | (TAF) | (TAF) | (TAF) | (TAF) | (TAF) | (TAF) | (TAF) | (TAF) | (TAF) | (TAF) | (TAF) | (TAF) (TAF)
1984 AN 263 981 | 1,254 773 482 635 714 1,600 864 345 108 44 8,063 5,068
1985 D 78 220 149 134 228 380 926 997 420 95 43 45 3,715 3,085
1986 w 68 148 249 378 2,311 | 1,965 | 1,384 | 1,941 | 1,643 | 478 139 81 10,785 | 9,622
1987 C 63 30 45 52 137 287 569 624 242 60 34 17 2,160 1,911
1988 C 35 76 104 193 169 310 499 627 337 105 42 19 2,516 2,135
1989 C 21 46 75 93 158 719 947 858 523 108 34 36 3,618 3,298
1990 C 109 76 62 108 138 363 645 523 322 112 25 11 2,494 2,099
1991 C 14 17 18 23 24 538 510 987 874 231 53 28 3,317 2,956
1992 C 46 69 58 81 339 341 711 635 170 166 44 21 2,681 2,277
1993 w 31 46 135 1,052 593 1,049 | 1,144 | 2,146 | 1,659 719 177 83 8,834 7,643
1994 C 57 41 65 73 164 291 545 820 371 89 50 28 2,594 2,264
1995 w 75 156 160 1,152 497 2,237 | 1,458 | 2,468 | 2,734 | 2,088 | 515 139 | 13,679 | 10,546
1996 w 60 41 209 385 1,168 998 1,158 | 1,947 | 1,141 | 420 108 37 7,672 6,797
1997 w 37 352 | 1,374 | 3,810 879 782 952 1,600 845 242 122 53 11,048 | 8,868
1998 w 47 70 114 650 1,387 | 1,149 | 1,473 | 1,876 | 3,048 | 1,951 | 500 169 | 12,434 | 9,583
1999 AN 90 143 195 380 726 490 784 1,682 | 1,151 302 96 63 6,102 5,213
2000 AN 39 58 41 388 974 802 1,037 | 1,655 938 213 94 51 6,290 5,794
2001 D 57 55 62 103 193 531 681 1,276 234 78 24 18 3,312 3,018
2002 D 22 97 281 304 238 417 921 1,095 630 109 32 17 4,163 3,605
2003 BN 10 198 220 264 224 406 663 1,571 | 1,102 202 93 40 4,993 4,230
2004 D 11 40 212 208 340 802 877 976 474 127 34 12 4,113 3,676
2005 w 131 147 225 844 590 1,026 | 1,015 | 2,926 | 2,056 906 161 54 10,082 | 8,459
2006 w 51 54 702 809 515 981 2,116 | 3,014 | 2,226 760 147 61 11,436 | 9,661
2007 C 58 54 102 97 275 460 577 739 206 56 31 20 2,674 2,354
2008 C 25 19 53 247 312 383 654 1,207 667 145 28 13 3,753 3,470
2009 D 16 158 80 303 360 703 908 1,844 701 232 58 23 5,387 4,820

Notes: ' W, AN, BN, D, C stand for Wet, Above Normal, Below Normal, Dry, and Critically Dry classified water years, respectively.
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Table 2.6. Monthly, Annual, and February through June Observed Flow in the SJR at Vernalis from 1984 to 2009

Water V¥2§r Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep | Annual I\:Jitr:
Year Type! (TAF) | (TAF) | (TAF) | (TAF) | (TAF) | (TAF) | (TAF) | (TAF) | (TAF) | (TAF) | (TAF) | (TAF) | (TAF) (TAF)
1984 AN 819 635 | 1,176 | 1,576 623 461 255 199 137 117 134 174 6,306 | 1,675
1985 D 235 168 293 250 180 168 147 131 104 157 160 115 2,108 730
1986 w 127 115 136 127 486 1,539 | 1,166 539 371 178 196 249 5,227 | 4,100
1987 C 230 167 228 142 119 210 171 134 118 100 100 95 1,814 752
1988 C 84 92 79 91 80 138 128 110 102 83 96 86 1,168 557
1989 C 69 76 84 77 69 124 114 120 94 79 72 81 1,059 521
1990 C 86 84 85 76 76 108 78 79 66 62 64 52 916 407
1991 C 61 66 56 50 42 109 70 65 34 37 33 34 657 319
1992 C 48 65 55 59 120 90 84 55 29 27 30 38 700 379
1993 w 52 57 60 253 169 166 204 222 139 93 123 165 1,703 900
1994 C 187 105 100 109 110 136 111 121 66 70 53 52 1,220 544
1995 w 84 77 80 283 364 898 1,186 | 1,364 834 608 241 282 6,301 | 4,647
1996 w 350 144 138 149 660 927 446 518 222 136 125 129 3,945 | 2,773
1997 w 165 162 750 1,868 | 1,947 801 281 294 158 108 115 123 6,772 | 3,482
1998 w 166 118 130 370 1,562 | 1,190 | 1,305 | 1,104 | 1,057 811 335 343 8,491 | 6,217
1999 AN 378 196 266 291 650 512 383 341 179 129 121 121 3,568 | 2,066
2000 AN 156 128 104 131 435 744 298 296 165 117 133 139 2,846 | 1,938
2001 D 174 150 138 150 172 211 179 217 92 86 82 82 1,732 871
2002 D 123 125 127 164 105 131 155 168 84 75 69 70 1,396 643
2003 BN 105 102 122 118 104 135 159 161 121 81 79 78 1,365 680
2004 D 123 98 92 110 127 207 164 163 84 71 69 67 1,373 743
2005 w 108 97 97 302 295 496 599 640 594 255 161 144 3,787 | 2,623
2006 w 161 121 216 810 359 720 1,662 | 1,602 934 341 227 197 7,351 | 5,276
2007 C 237 151 145 159 141 157 132 178 104 70 62 60 1,596 712
2008 C 97 102 92 143 136 130 143 169 61 53 53 54 1,234 641
2009 D 76 68 69 68 79 87 920 131 65 37 37 56 866 453

Notes: * W, AN, BN, D, C stand for Wet, Above Normal, Below Normal, Dry, and Critically Dry classified water years, respectively.

2-17




December 2012 SJR Flow and Southern Delta Salinity Technical Report

Table 2.7. Monthly, Annual, and February through June Observed Flow as a Percentage of Unimpaired Flow in the SJR at

Vernalis from 1984 to 2009

Water V\\(/z;err Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep | Annual Ei?]
vear | et | (0) | (%) | (%) (%) (%) (%) (%) (%) (%) %) | (%) | (%) (%) (%)
1984 AN 311 65 94 204 129 73 36 12 16 34 124 394 78 33
1985 D 301 76 197 187 79 44 16 13 25 165 372 255 57 24
1986 w 187 78 54 34 21 78 84 28 23 37 141 307 48 43
1987 Cc 365 557 506 273 87 73 30 21 49 167 294 559 84 39
1988 C 241 121 76 47 47 44 26 17 30 79 228 455 46 26
1989 C 330 165 112 83 43 17 12 14 18 73 211 224 29 16
1990 C 79 110 137 71 55 30 12 15 21 55 254 474 37 19
1991 C 436 390 314 218 175 20 14 7 4 16 62 122 20 11
1992 Cc 105 93 95 73 35 27 12 9 17 17 67 180 26 17
1993 w 168 124 45 24 28 16 18 10 8 13 69 199 19 12
1994 C 328 255 154 149 67 47 20 15 18 78 107 185 47 24
1995 w 112 49 50 25 73 40 81 55 30 29 47 203 46 44
1996 w 583 352 66 39 57 93 39 27 19 32 116 348 51 41
1997 w 447 46 55 49 221 102 30 18 19 45 94 232 61 39
1998 w 354 168 114 57 113 104 89 59 35 42 67 203 68 65
1999 AN 420 137 137 77 89 105 49 20 16 43 126 192 58 40
2000 AN 399 221 253 34 45 93 29 18 18 55 142 272 45 33
2001 D 305 273 222 146 89 40 26 17 39 110 341 455 52 29
2002 D 560 129 45 54 44 31 17 15 13 69 214 411 34 18
2003 BN 1,048 52 56 45 47 33 24 10 11 40 85 195 27 16
2004 D 1,071 | 248 43 53 37 26 19 17 18 56 206 540 33 20
2005 w 82 66 43 36 50 48 59 22 29 28 100 267 38 31
2006 w 318 226 31 100 70 73 79 53 42 45 154 325 64 55
2007 C 407 280 141 164 51 34 23 24 50 126 203 309 60 30
2008 C 390 532 173 58 44 34 22 14 9 37 193 404 33 18
2009 D 462 43 86 22 22 12 10 7 9 16 65 247 16 9

Notes: * W, AN, BN, D, C stand for Wet, Above Normal, Below Normal, Dry, and Critically Dry classified water years, respectively.

2-18




December 2012 SJR Flow and Southern Delta Salinity Technical Report

Table 2.8. Statistics of Unimpaired Flow, Observed Flow, and Observed Flows as a Percent of Unimpaired Flow in the SJR
at Vernalis from 1984 to 2009

Unimpaired flow (TAF)
Statistic Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Annual ":]iﬂ
10%tile 15 35 49 77 148 326 557 631 238 84 29 15 2,555 2,200
20%tile 22 41 62 97 169 380 645 820 337 105 34 18 2,681 2,354
25%tile 26 46 63 104 201 389 656 887 383 108 34 19 3,313 2,972
30%tile 33 50 70 121 226 412 672 981 447 111 38 20 3,468 3,052
40%tile 39 55 102 208 275 490 714 1,095 630 145 44 28 3,753 3,470
50%tile 49 70 125 284 339 587 892 1,424 773 208 55 37 4,578 3,953
60%tile 57 76 160 378 482 719 926 1,600 874 232 94 44 6,102 5,068
70%tile 62 145 211 387 553 802 984 1,763 1,122 324 108 52 7,868 6,296
75%tile 67 148 218 585 592 936 1,032 1,868 1,149 401 119 54 8,641 7,432
80%tile 75 156 225 773 726 998 1,144 1,941 1,643 478 139 61 10,082 8,459
90%tile 100 209 491 948 1,071 1,099 1,421 2,307 2,141 833 169 82 11,242 9,603
Observed flow (TAF)
10%tile 65 67 65 72 78 109 87 94 63 45 45 52 891 430
20%tile 84 77 80 91 104 130 114 121 66 70 62 56 1,168 544
25%tile 85 86 84 109 107 132 129 131 84 70 65 62 1,223 578
30%tile 91 95 89 114 114 135 138 133 88 73 69 68 1,300 642
40%tile 108 102 97 131 127 157 155 163 102 81 79 81 1,396 712
50%tile 125 110 113 146 155 187 167 174 111 89 98 91 1,718 747
60%tile 161 121 130 159 180 211 204 217 137 108 121 121 2,108 900
70%tile 170 136 138 252 361 504 290 295 161 123 129 134 3,678 2,002
75%tile 184 149 143 275 417 668 362 330 176 134 134 142 3,906 2,484
80%tile 230 151 216 291 486 744 446 518 222 157 160 165 5,227 2,773
90%tile 293 168 280 590 655 913 1,176 872 714 298 212 223 6,539 4,374
Observed flow as a percent of unimpaired flow (%)
10%tile 109 50 44 29 32 19 12 9 9 16 66 189 23 14
20%tile 187 66 50 36 43 27 16 12 13 29 69 199 29 17
25%tile 256 77 54 40 44 30 17 13 16 33 87 203 33 18
30%tile 303 86 55 46 44 32 18 14 16 35 97 213 33 19
40%tile 318 121 76 53 47 34 22 15 18 40 116 247 38 24
50%tile 342 133 94 57 53 42 25 17 18 44 133 269 46 27
60%tile 390 168 114 73 67 47 29 18 21 55 154 309 48 31
70%tile 414 237 139 92 76 73 33 21 27 62 204 371 55 36
75%tile 432 253 151 134 85 73 38 22 30 72 210 401 58 39
80%tile 447 273 173 149 89 78 49 24 30 78 214 411 60 40
90%tile 572 371 238 195 121 98 80 40 41 118 274 464 66 43
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Based on a review of the unimpaired flow estimates, the wettest month (i.e. the month in the
water year with the greatest volume of flow) generally occurred between April and June. In 7 out
of 80 years (9% of years) from 1930 to 2009, the wettest month of the year would have been
April; in 57 years it would have been May and in 12 years it would have been June, one year
each it would have been in January and February, and twice it was December. Six of the seven
years that April was the wettest month of the year were either Dry or Critically Dry water years.
To put this into perspective and show the present conditions, Table 2.9 summarizes the wettest
months for the two periods discussed above.

The wettest month of the year is now less predictable as is distributed more evenly from year to
year. From 1984 to 2009 the wettest month was most often March, followed by May, February,
and October (Table 2.9). The early period was already severely altered with the wettest month
occurring many times in either May or June and frequently in March and January. Table 2.9
summarizes the alterations to the timing of the wettest month for the two periods previously
discussed using percentage of years each month was the wettest.

Table 2.9. The Wettest Months of Each Year in the SJR at Vernalis as a Percentage of
Years during the Two Periods (1930 to 1955 and 1984 to 2009) for Unimpaired Flow and
Observed Flow

No. of Percent of years by month
Period yrs Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Unimpaired
(1930 to 26 0 0 0 8 77 12 0 0 0 0 0 4
1955)
Observed
(1930 to 26 15 0 8 8 31 27 O 0 0 0 0 8
1955)
Unimpaired
(1984 to 26 4 4 0 12 73 8 0 0 0 0 0 0
2009)
Observed
(1984 to 26 8 15 31 4 27 0 0 0 0 12 0 4
2009)

2.3.4 Short Term Peak Flows and Flood Frequency

As shown in Figure 2.1 and Figure 2.2, short term peak or storm flows that occur several times
within a given year, generally between November and March, are dramatically reduced under
the present management conditions. No attempt was made to calculate the short term peak
flows and flood frequencies of unimpaired flow at Vernalis in this report because daily
unimpaired flow data are not readily available at Vernalis. Comparisons were made between
two periods, 1930 to 1955 and 1984 to 2009 using daily gage data in place of unimpaired flow
data to attempt to demonstrate and quantify how peak flows have changed between these two
periods. The Sacramento-San Joaquin Comprehensive Study (USACE 2002) provides a flood
frequency analysis at Vernalis.

Under natural conditions the, October to March storm flows are generally less intense than the
peak flows that occur during the spring snowmelt. By separating the fall and winter storm peaks
from the rest of the year, it is possible to see alterations to the various components of the
natural flow regime as depicted in Figure 2.1 and Figure 2.2. In the 1984 to 2009 period, peak
flows generally occurred between October and March, while in the 1930 to 1955 period, they
occurred during the spring. Table 2.10 summarizes the exceedances of the fall and winter
component. The spring component is deduced from the annual peak. If the annual peak was
greater than observed between October to March, the peak flows occurred at another time
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during the year, specifically April to June. In order to better characterize the altered regime at
Vernalis, it would be necessary to calculate these statistics using daily unimpaired flow
estimates in place of the 1930 to 1955 observed flows.

Table 2.10. Percent Chance of Exceedance of October through March and Annual
Maximum Daily Average Flow in the SJR at Vernalis

Observed Flow Observed Flow Percent Difference
Percent 1930 to 1955 1984 to 2009 from Earlier Period
Exceedance (cfs) (cfs) %
Oct to Mar Annual Oct to Mar Annual Oct to Mar Annual
0,
Eé‘acfseded 25% of 20,400 28.200 17,400 17,400 .15 .38
Exceeded 50% of 7,700 15,500 6,000 6,000 22 -61
years
Exceeded 75% of 4,400 6,000 4,200 4,200 5 -30
years
0,
%gfsede‘j 90% of 3.700 4,600 2500 2700 32 41
Greatest Peak Flow 70,000 70,000 54,300 54,300 -22 -22
Smallest Peak Flow 2,000 2,100 1,900 2,000 -5 -5

To illustrate the loss of storm flows, including those that would have occurred several times in a
given year, Figure 2.7 displays daily unimpaired flow and observed flow for WY 2008, a
Critically Dry water year, for each of the LSJR tributaries. Even though this was a Critically Dry
water year, there were significant storm flows in response to rainfall and rain falling on snow
during the later fall and early winter seasons. It is expected that a similar response would be
observed at Vernalis; however, daily unimpaired flow estimates are not yet available at Vernalis.

To quantify the changes to peak flows that have occurred, exceedance curves were developed
for annual peak flows using the two distinct periods previously identified, and compared to
estimates by USACE (2002) shown in Table 2.11. While other studies have focused separately
on the LSJR tributaries and the Upper SJR (McBain and Trush 2000; Kondolf et al. 2001;
Stillwater Sciences 2002; Cain et al. 2003), the USACE 2002 analysis is the only study to have
addressed the peak flow regime at Vernalis. Even though many alterations had occurred within
the watershed prior to 1930, reductions in peak flows were evident between the two periods
(1930 to 1955 versus 1984 to 2009). For example, reductions in the peak flows of 49%, 61%,
and 23% were observed, respectively, for 1.5-year, 2-year, and 5-year return frequencies. In
addition, flows of approximately 15,000 cfs, which would have occurred at least once every year
or two, now occur upwards of only once every five years (Table 2.11). The difference in larger
peak flows, for those that occur every 10 years on average, is, however, less pronounced, with
only a 6% reduction from the early period. The USACE (2002) estimates of peak flows are
somewhat higher than those estimated here because USACE used unimpaired flow data, which
estimates return frequencies prior to any alterations.
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Figure 2.7. Daily Unimpaired Flow and Observed Flow for a Critically Dry Water Year (WY
2008) in the Stanislaus At Ripon (Top), Tuolumne at Modesto (Middle), and Merced at
Stevinson (Bottom)
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Table 2.11. Frequency Analyses of Annual Peak Flows in the SJR at Vernalis as
Compared to USACE (2002)

USACE
“Unimpaired” Observed Flow? Observed Percent Difference
1984 to Late period from | Late period from

1902 to 1997* 1930 to 1955 2009 USACE early period
Return Freq. (cfs) (cfs) (cfs) (%) (%)
Q15 ~15,000 8,800 4,500 -70 -49
Q2 ~25,000 15,500 6,000 -76 -61
Q5 ~55,000 33,700 25,900 -53 -23
Q10 ~100,000 37,100 34,800 -65 -6

T As interpolated from 1-Day Flood Frequency Curves in attachment B.2 page 45 in USACE (2002).
Values were based on a simulated unimpaired flow.
2 Source of data USGS Gage. # 11303500.

2.4 Hydrology of Tributaries to the Lower San Joaquin River

This section describes the relative contribution to SJR flow at Vernalis and the unimpaired and
observed hydrology of the Stanislaus, Tuolumne, and Merced Rivers (LSJR tributaries), the
Upper SJR, and the combined Chowchilla and Fresno Rivers, Valley Floor, and Tulare Lake
Basin.

2.4.1 Relative Contribution from Tributaries to SJR Flow at Vernalis

SJR flow at Vernalis is largely comprised of flows from the LSJR tributaries and the Upper SJR.
The combined Chowchilla and Fresno Rivers and Valley Floor also contribute flow, and in some
years water from the Tulare Lake Basin also flows to the SJR via Fresno Slough. This section
summarizes the contribution to flows at Vernalis from these different sources. Under unimpaired
conditions, flows from the LSJR tributaries and Upper SJR account for approximately 90% to
100% of the flow at Vernalis. In contrast, these tributaries accounted for only 58% to 86% of
observed flow for the 1984 to 2009 period (Figure 2.8). The remainder of flow comes from the
Valley Floor, Tulare Lake Basin, Fresno River, and Chowchilla River.

Figure 2.9 displays the monthly median flow contribution by each of the LSJR tributaries and the
Upper SJR as a percentage of flow at Vernalis. The LSJR tributaries and Upper SJR have been
altered and now generally contribute a different percentage of the monthly flow at Vernalis as
compared to unimpaired flow. Under unimpaired conditions the Stanislaus, Tuolumne, Merced,
and Upper SJR would have contributed a median of 20%, 31%, 14%, and 30%, respectively, on
an annual basis to the flow at Vernalis. The remaining portion, including the Fresno River,
Chowchilla River, Valley Floor, and the Tulare Lake Basin, contributes 2%. The percentages
presented in Figures 2.8 and 2.9 do not necessarily add up to 100% because they are median
values.
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Figure 2.8. Median Observed and Unimpaired Flow Contributed by the LSJR Tributaries
and Upper SJR Combined (1984 to 2009)

As shown in Table 2.12, under current conditions, the Stanislaus, Tuolumne, and Merced
contribute an annual median of 24%, 21%, and 14% unimpaired flow, respectively, while the
Upper SJR now contributes an annual median of 8% of flow. The difference between
unimpaired and observed flow for the remainder is due primarily to the operation of the Delta
Mendota Canal that adds additional flow from the Delta. Again, the percentages in this table do
not necessarily add up to 100% because they are median values.

Table 2.12. Median Annual Percent Contribution of Unimpaired Flow and Observed Flow
by SJR Tributary and Upper SJR to Flow at Vernalis (1984 to 2009)

Upper SJR at | Fresno/ Chowchilla/
Stanislaus  Tuolumne Merced Friant Tulare/ Valley Floor
Unimpaired
Flow(1984 to 20% 31% 14% 30% 2%
2009)
agséi”t’gdzg(')%‘;" 24% 21% 14% 8% 26%

The percent of flow contributed at Vernalis by the Stanislaus River during June and July has
increased dramatically, accounting for roughly 40% of flow during these months, while the
contributions from the Tuolumne have been reduced to roughly 20% during these same months
(Figure 2.9). The Upper SJR contributes a much lower percentage of flow compared to
unimpaired conditions.
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Figure 2.9. Median Monthly Unimpaired and Observed Tributary Flow Contribution to Flow at Vernalis (1984 to 2009)
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2.4.2 Monthly and Seasonal Trends

Similar to the SJR at Vernalis (as described in section 2.3.2), spring flows in each of the LSJR
tributaries and Upper SJR have been significantly reduced while flows during late summer and
fall (generally August to November) have increased, resulting in less variability in flow during the
year. Additionally, the year to year variability in winter and spring flows has been greatly
reduced. Alterations to flow characteristics at Vernalis are driven mainly by the alterations that
have occurred on the main LSJR tributaries and the Upper SJR.

Boxplots of the median, 25th percentile, 75th percentile, and the wettest and driest months of
water years 1984 to 2009 are presented in Figure 2.10 for the Stanislaus River, Figure 2.11 for
the Tuolumne River, Figure 2.12 for the Merced River, Figure 2.13 for the Upper SJR, and
Figure 2.14 for the combined Chowchilla and Fresno Rivers, Valley Floor, and Tulare Lake
Basin flow contributions to the SJR. These graphical comparisons of the unimpaired flow and
observed flows illustrate the magnitude of alteration in the timing, variability, and volume of
flows.

Monthly unimpaired flow, observed monthly flow, and observed monthly flow as a percentage of
monthly unimpaired flow for water years 1984 through 2009 are presented in Tables 2.13
through 2.15, respectively, for the Stanislaus River. The same information is presented in
Tables 2.17 through 2.19 for the Tuolumne River, Tables 2.21 through 2.23 for the Merced
River, Tables 2.25 through 2.27 for the Upper SJR, and Tables 2.29 through 2.31 for the
combined Chowchilla and Fresno Rivers, Valley Floor, and Tulare Lake Basin flow contributions
to the SJR.

The percentile monthly unimpaired, observed, and percentages of unimpaired flow for water
years 1984 through 2009 are presented in Table 2.16 for the Stanislaus River, Table 2.20 for
the Tuolumne River, Table 2.24 for the Merced River, Table 2.28 for the Upper SJR, and Table
2.32 for the combined Chowchilla and Fresno Rivers, Valley Floor, and Tulare Lake Basin flow
contributions to the SJR. As with the SJR at Vernalis, observed flows from these tributaries are
much lower, primarily during the wet season, and with much less variation from year to year and
within the year than the unimpaired flows. The inter-quartile ranges of each month are also
much less than the corresponding unimpaired range. Although late summer and fall flows have
been augmented, it is of lower magnitude than the spring reduction such that annual flows are
greatly reduced.

Although the median February through June observed flows are 40%, 21%, 26% of unimpaired
flows in the Stanislaus, Tuolumne, and Merced Rivers respectively, the April, May and June
values are generally far lower, especially May and June flows on the Tuolumne and Merced
Rivers (see Tables 2.16, 2.20, and 2.24). For April, May and June, the medians are 32, 26 and
40% of unimpaired flow for the Stanislaus River, 22%, 12% and 9% of unimpaired flow for the
Tuolumne River, and 25%, 18% and 15% of unimpaired flow on the Merced River. Flows were
as low as 2% and 1% of unimpaired flow on the Tuolumne and Merced Rivers, respectively, in
June, 1991. Annual observed flows in each of the tributaries have also been reduced, and now
only 58%, 40%, 46%, and 13% of annual unimpaired flow remain in the Stanislaus, Tuolumne,
Merced, and Upper SJR, respectively.

The observed flow as a percentage of unimpaired flow for the Valley Floor, Fresno River,
Chowchilla River, and Tulare Lake Basin outflows combined, developed by subtracting the
Upper SJR, Stanislaus, Tuolumne, and Merced Rivers from the SJR at Vernalis, has a median
of 150% of unimpaired flow (Table 2.16). This increase is likely due to addition of water via the
DMC.
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Based on the unimpaired data, the wettest month during the spring snowmelt period is generally
either April or May for each of the LSJR tributaries and Upper SJR. For example in the
Stanislaus River, May was the peak month for 17 of the 26 years between 1984 and 2009; April
was the peak in seven years, all of which were classified Dry or Critically Dry water years. This
corresponds to findings in Cain et al. (2003) using daily observed flows from 1896 to 1932,
which found that the date of the median pre-dam peak was roughly May 17 for most water year
types, ranging from April 21 to June 13.
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Key to boxplots: Median, horizontal line; box, 25th and 75th percentiles;
whiskers, range for unimpaired flow (“+"sign) and observed (“x” sign).

Figure 2.10. Monthly Unimpaired Flow (Open Bars) and Observed Flow (Filled Bars) in the
Stanislaus River from 1984 to 2009
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Table 2.13. Monthly, Annual, and February through June Unimpaired Flow in the Stanislaus River from 1984 to 2009

Water V¥2§r Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep | Annual 53?1
Year Typel (TAF) | (TAF) | (TAF) | (TAF) | (TAF) | (TAF) | (TAF) | (TAF) | (TAF) | (TAF) | (TAF) | (TAF) | (TAF) (TAF)
1984 AN 24 225 153 144 98 137 157 297 148 41 10 1 1,435 837
1985 D 11 48 31 26 48 79 206 171 53 3 1 2 679 557
1986 w 1 40 43 99 532 353 253 300 215 57 19 25 1,937 1,653
1987 C 13 3 9 13 29 59 104 94 27 11 6 4 372 313
1988 C 3 10 14 27 35 59 86 83 40 12 6 3 378 303
1989 C 9 6 14 18 30 181 234 162 94 24 7 1 780 701
1990 C 22 17 13 25 24 83 134 87 51 12 1 1 470 379
1991 C 3 2 3 3 1 81 97 183 106 21 4 6 510 468
1992 C 12 14 13 18 72 78 136 95 17 19 6 6 486 398
1993 w 6 8 27 182 108 234 249 407 241 76 17 3 1,558 1,239
1994 C 10 10 13 15 29 61 106 159 41 4 1 6 455 396
1995 w 5 24 26 230 100 415 276 484 460 261 50 18 2,349 1,735
1996 w 11 10 42 86 276 215 255 377 175 38 4 1 1,490 1,298
1997 w 7 50 265 659 90 129 180 231 110 22 11 4 1,758 740
1998 w 12 17 20 152 250 231 245 341 511 245 40 28 2,092 1,578
1999 AN 15 31 39 101 197 124 173 370 215 49 16 17 1,347 1,079
2000 AN 9 18 12 91 189 160 222 292 128 24 7 10 1,162 991
2001 D 13 13 12 23 36 96 134 200 28 5 2 4 566 494
2002 D 6 20 57 62 55 102 213 216 97 15 5 1 849 683
2003 BN 3 31 48 58 55 96 155 325 181 22 13 7 994 812
2004 D 2 8 47 42 76 164 175 153 61 17 5 1 752 629
2005 w 17 23 41 146 111 194 211 533 292 101 15 6 1,692 1,342
2006 w 13 11 210 199 138 229 470 538 277 77 23 16 2,201 1,652
2007 C 16 13 29 27 78 112 124 124 32 5 2 1 565 471
2008 C 9 3 14 47 52 73 130 192 85 13 4 3 625 532
2009 D 5 24 15 53 73 170 190 334 100 32 13 6 1,014 867

Notes: ' W, AN, BN, D, C stand for Wet, Above Normal, Below Normal, Dry, and Critically Dry classified water years, respectively.
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Table 2.14. Monthly, Annual and February through June Observed Flow in the Stanislaus River from 1984 to 2009

Water V¥2§r Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep | Annual 53?1
Year Typel (TAF) | (TAF) | (TAF) | (TAF) | (TAF) | (TAF) | (TAF) | (TAF) | (TAF) | (TAF) | (TAF) | (TAF) | (TAF) (TAF)
1984 AN 109 143 303 282 101 84 52 52 29 28 32 45 1,260 318
1985 D 49 22 49 64 41 35 46 40 35 82 77 27 568 196
1986 w 26 25 27 29 91 300 116 77 73 52 73 77 967 657
1987 C 43 32 55 35 45 71 66 47 49 35 29 25 532 277
1988 C 15 19 14 13 13 67 52 54 53 47 46 42 435 239
1989 C 29 27 29 15 12 67 57 67 53 41 25 25 448 256
1990 C 20 15 13 11 10 53 33 34 36 37 33 19 314 166
1991 C 21 25 12 11 10 16 15 23 13 19 13 12 192 77
1992 C 18 22 11 10 18 16 40 21 15 16 17 18 223 110
1993 w 20 13 14 38 17 20 29 85 35 24 20 22 338 187
1994 C 34 18 19 19 17 52 32 32 28 29 25 18 324 162
1995 w 24 19 20 42 20 43 54 87 40 26 25 21 422 245
1996 w 31 19 21 25 85 214 102 92 63 45 34 28 758 555
1997 w 35 44 196 386 361 171 75 99 70 31 27 27 1,521 776
1998 w 51 24 25 71 234 150 118 127 111 115 110 101 1,237 740
1999 AN 120 57 59 107 199 126 85 94 81 45 39 33 1,046 585
2000 AN 31 25 24 26 83 135 74 97 62 25 24 24 629 451
2001 D 34 25 25 24 21 24 54 76 35 31 23 19 390 209
2002 D 29 22 26 25 27 32 59 59 33 30 20 17 379 210
2003 BN 23 19 20 20 30 31 47 51 72 32 22 19 386 232
2004 D 36 19 19 19 25 21 36 51 42 34 22 17 342 175
2005 w 21 18 19 28 18 24 22 91 35 20 19 19 333 189
2006 w 32 23 71 257 94 192 270 254 109 78 74 69 1,522 919
2007 C 96 41 56 69 48 59 49 88 47 28 22 16 619 291
2008 C 27 19 19 23 18 48 66 53 27 26 21 14 360 212
2009 D 24 17 17 13 15 18 44 54 37 22 19 28 306 167

Notes: ' W, AN, BN, D, C stand for Wet, Above Normal, Below Normal, Dry, and Critically Dry classified water years, respectively.
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Table 2.15. Monthly, Annual, and February through June Observed Flow as a Percentage of Unimpaired Flow in the
Stanislaus River from 1984 to 2009

Water V¥2§r Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep | Annual | Feb-Jun
vear | o1 | () | (%) | (%) (%) %) | (%) | (%) %) | (%) | (%) (%) (%) (%) (%)
1984 AN 455 63 198 196 103 61 33 17 19 69 325 4,502 88 38
1985 D 446 46 158 248 85 44 22 23 66 2,738 | 7,736 | 1,368 84 35
1986 W 2,648 | 61 64 29 17 85 46 26 34 91 387 309 50 40
1987 C 332 | 1,062 | 610 273 155 120 63 50 181 318 489 615 143 89
1988 C 515 188 103 47 38 113 61 65 133 388 766 1,404 115 79
1989 C 327 451 206 84 39 37 25 41 57 171 357 2,500 57 37
1990 C 90 87 102 44 43 64 24 39 70 311 3,277 | 1,912 67 44
1991 C 698 | 1,231 | 413 379 1,014 20 15 13 12 92 330 206 38 17
1992 C 151 158 85 57 25 21 29 23 87 85 278 305 46 28
1993 w 334 162 53 21 16 9 12 21 15 31 119 732 22 15
1994 C 338 184 144 126 60 86 30 20 68 724 2,497 305 71 41
1995 w 481 78 76 18 20 10 20 18 9 10 50 119 18 14
1996 w 278 192 50 29 31 99 40 24 36 118 853 2,828 51 43
1997 w 500 88 74 59 1 132 42 43 63 140 241 670 87 105
1998 W 427 143 123 47 93 65 48 37 22 47 275 362 59 47
1999 AN 800 185 152 106 101 102 49 25 38 93 244 193 78 54
2000 AN 340 137 199 28 44 85 33 33 49 106 348 237 54 45
2001 D 264 193 207 102 57 25 40 38 124 615 1,139 482 69 42
2002 D 490 112 46 40 49 31 28 27 34 199 391 1,745 45 31
2003 BN 771 61 42 35 55 32 31 16 40 143 168 268 39 29
2004 D 1,594 | 242 40 45 33 13 21 34 69 199 426 1,655 45 28
2005 w 122 79 46 19 16 12 10 17 12 20 123 302 20 14
2006 W 254 205 34 129 68 84 57 47 39 101 325 438 69 56
2007 C 590 314 190 254 61 53 40 70 147 602 993 1,135 110 62
2008 C 312 622 131 49 34 66 51 27 32 202 505 502 58 40
2009 D 526 69 112 25 21 11 23 16 37 68 147 483 30 19

Notes: * W, AN, BN, D, C stand for Wet, Above Normal, Below Normal, Dry, and Critically Dry classified water years, respectively.
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Table 2.16. Statistics of Unimpaired Flow, Observed Flow, and Observed Flow as Percent of Unimpaired Flow in the

Stanislaus River from 1984 to 2009

Unimpaired flow (TAF)
Statistic Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Annual 53?1
10%tile 3 5 12 17 29 67 105 95 30 5 2 1 463 388
20%tile 5 8 13 23 35 79 130 153 41 12 4 1 510 468
25%tile 5 10 13 25 39 82 134 160 52 12 4 2 565 476
30%tile 6 10 14 27 50 90 135 167 57 14 5 2 595 513
40%tile 9 13 15 42 55 102 157 192 94 19 6 3 752 629
50%tile 10 16 27 55 75 127 178 224 103 22 7 4 922 721
60%tile 11 18 31 86 90 160 206 297 128 24 10 6 1,162 837
70%tile 12 24 42 100 104 176 218 329 178 40 13 6 1,463 1,035
75%tile 13 24 43 133 110 191 231 339 207 47 15 7 1,541 1,199
80%tile 13 31 47 146 138 215 245 370 215 57 16 10 1,692 1,298
90%tile 17 44 105 191 224 233 254 446 285 89 21 18 2,015 1,615
Observed flow (TAF)
10%tile 20 17 14 12 13 19 30 33 28 21 19 16 310 164
20%tile 21 19 17 15 17 24 36 47 33 25 20 18 333 175
25%tile 23 19 19 19 17 26 41 51 35 26 21 18 339 187
30%tile 24 19 19 20 18 31 45 51 35 27 22 19 351 193
40%tile 27 19 20 24 20 43 49 54 36 29 23 19 386 210
50%tile 30 22 22 25 26 53 53 63 41 31 25 23 429 235
60%tile 32 24 25 29 41 67 57 77 49 34 27 25 532 256
70%tile 35 25 28 40 65 77 66 87 58 39 33 28 624 304
75%tile 36 25 44 59 84 116 72 90 63 44 34 28 725 417
80%tile 43 27 55 69 91 135 75 92 70 45 39 33 967 555
90%tile 74 43 65 182 150 181 109 98 77 65 74 57 1,249 698
Observed flow as a percent of unimpaired flow (%)
10%tile 202 62 44 23 19 11 18 17 13 39 135 221 26 16
20%tile 278 78 50 29 25 20 22 18 22 69 241 302 39 28
25%tile 315 81 56 31 31 22 23 20 33 86 252 305 45 28
30%tile 330 88 69 37 33 28 24 22 34 92 277 307 46 30
40%tile 338 137 85 45 39 37 29 24 37 101 325 438 51 37
50%tile 437 160 107 48 46 57 32 26 40 129 353 493 58 40
60%tile 481 185 131 59 57 65 40 33 57 171 391 670 67 42
70%tile 508 192 155 104 65 84 41 38 67 201 497 1,251 70 45
75%tile 523 202 182 121 81 85 45 39 69 284 701 1,395 76 47
80%tile 590 242 198 129 93 86 48 41 70 318 853 1,655 84 54
90%tile 786 536 207 251 129 107 54 49 128 608 1,818 | 2,206 99 70
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Key to boxplots: Median, horizontal line; box, 25th and 75th percentiles;
whiskers, range for unimpaired flow (“+"sign) and observed (“x” sign).

Figure 2.11. Monthly Unimpaired Flow (Open Bars) and Observed Flow (Filled Bars) in the
Tuolumne River from 1984 to 2009
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Table 2.17. Monthly, Annual, and February through June Unimpaired Flow in the Tuolumne River from 1984 to 2009

Water V¥2§r Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep | Annual 53?1
Year Typel (TAF) | (TAF) | (TAF) | (TAF) | (TAF) | (TAF) | (TAF) | (TAF) | (TAF) | (TAF) | (TAF) | (TAF) | (TAF) (TAF)
1984 AN 44 310 402 175 151 200 203 536 330 93 21 7 2,472 1,420
1985 D 26 85 48 41 69 126 302 341 135 23 15 18 1,229 973
1986 w 31 49 94 129 616 493 320 540 507 144 30 18 2,971 2,476
1987 C 18 8 13 6 37 99 194 203 65 10 8 3 664 598
1988 C 11 26 50 70 57 105 159 213 98 24 6 1 820 632
1989 C 4 21 27 37 61 285 309 321 207 28 2 10 1,312 1,183
1990 C 49 25 22 38 53 130 220 182 100 20 4 1 844 685
1991 C 1 8 5 5 8 168 180 336 295 67 19 1,099 987
1992 C 16 25 18 25 93 115 230 189 46 59 14 4 834 673
1993 w 10 14 46 278 161 319 335 631 524 226 54 25 2,623 1,970
1994 C 19 7 18 22 53 108 195 275 119 33 25 10 884 750
1995 w 10 64 58 348 160 579 385 659 811 652 162 35 3,923 2,594
1996 w 12 7 72 129 348 290 323 576 389 133 26 11 2,316 1,926
1997 w 8 112 387 1,033 170 232 277 542 336 57 49 21 3,224 1,557
1998 w 10 18 35 202 358 354 351 477 855 559 84 35 3,338 2,395
1999 AN 21 48 68 136 252 171 262 569 436 109 35 20 2,127 1,690
2000 AN 11 17 10 132 277 253 334 539 322 70 35 18 2,018 1,725
2001 D 17 17 22 32 60 179 227 408 55 12 2 2 1,033 929
2002 D 4 40 93 109 79 141 301 372 223 24 8 6 1,400 1,116
2003 BN 1 69 69 89 65 124 218 520 372 55 30 15 1,627 1,299
2004 D 5 13 82 70 110 257 264 318 148 33 13 7 1,321 1,097
2005 w 54 55 71 260 192 325 305 837 589 258 40 21 3,006 2,248
2006 w 15 16 248 248 154 296 610 816 649 208 37 15 3,313 2,526
2007 C 11 19 29 28 94 147 175 251 61 15 10 8 849 729
2008 C 7 7 18 78 101 124 189 360 204 32 5 4 1,129 977
2009 D 4 62 27 105 118 228 260 563 225 57 9 7 1,665 1,395

Notes: ' W, AN, BN, D, C stand for Wet, Above Normal, Below Normal, Dry, and Critically Dry classified water years, respectively.
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Table 2.18. Monthly, Annual, and February through June Observed Flow in the Tuolumne River from 1984 to 2009

Water V¥2§r Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep | Annual 53?1
Year Typel (TAF) | (TAF) | (TAF) | (TAF) | (TAF) | (TAF) | (TAF) | (TAF) | (TAF) | (TAF) | (TAF) | (TAF) | (TAF) (TAF)
1984 AN 293 124 263 367 268 188 56 39 19 18 19 23 1,677 569
1985 D 62 69 131 96 76 46 23 21 19 17 16 15 593 186
1986 w 29 33 38 37 140 380 305 170 103 22 21 56 1,334 1,098
1987 C 78 72 127 56 26 46 45 27 12 11 12 11 522 156
1988 C 17 18 19 18 13 15 22 9 7 6 6 7 156 65
1989 C 8 10 11 11 9 16 21 10 8 8 9 10 134 65
1990 C 15 18 16 15 15 16 16 14 7 7 8 9 157 68
1991 C 12 12 11 9 9 23 23 26 6 6 7 7 152 88
1992 C 10 12 11 12 27 16 19 22 7 6 6 7 153 90
1993 w 10 12 13 46 25 18 49 45 29 20 30 59 357 166
1994 C 46 23 27 38 23 20 31 27 9 7 8 7 266 110
1995 w 11 14 15 98 236 348 426 483 326 202 88 141 2,389 1,820
1996 w 110 26 26 41 316 328 180 252 47 21 27 31 1,406 1,123
1997 w 38 30 307 953 488 182 96 70 27 30 28 28 2,275 862
1998 w 45 29 28 167 417 348 343 224 266 184 74 97 2,223 1,599
1999 AN 71 31 80 83 288 230 129 113 28 29 27 29 1,138 788
2000 AN 36 28 26 28 149 294 109 87 35 37 60 54 942 674
2001 D 44 29 28 33 76 61 43 56 15 16 17 17 435 251
2002 D 21 16 25 28 15 19 43 38 14 15 16 14 264 129
2003 BN 21 17 20 18 15 18 48 38 20 21 23 23 284 140
2004 D 25 19 20 21 27 79 76 36 15 15 15 14 362 233
2005 w 23 15 15 53 126 275 294 299 235 133 62 32 1,560 1,229
2006 w 35 27 78 295 160 291 492 490 281 73 49 38 2,309 1,714
2007 C 39 28 29 28 29 33 38 34 15 15 15 13 316 149
2008 C 15 14 15 31 24 18 36 52 12 12 12 11 251 142
2009 D 15 13 14 14 15 18 26 49 15 14 11 12 213 122

Notes: ' W, AN, BN, D, C stand for Wet, Above Normal, Below Normal, Dry, and Critically Dry classified water years, respectively.
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Table 2.19. Monthly, Annual, and February through June Observed Flow as a Percentage of Unimpaired Flow in the

Tuolumne River from 1984 to 2009

Water V¥2§r Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep | Annual ii?]
Year Typet | (0 | (0) | (%) (%) (%) (%) (%) (%) (%) (%) | (%) | (%) (%) (%)
1984 AN 665 40 65 210 177 94 28 7 6 20 90 330 68 40
1985 D 240 82 273 235 111 37 8 6 14 73 105 85 48 19
1986 w 92 68 40 29 23 77 95 32 20 15 71 310 45 44
1987 C 431 901 979 940 71 46 23 13 19 107 151 361 79 26
1988 cC 150 70 37 26 23 14 14 4 7 25 107 660 19 10
1989 cC 208 46 42 31 15 6 7 3 4 30 443 102 10 6
1990 c 31 71 74 39 28 12 7 8 7 36 209 881 19 10
1991 C 1,211 | 147 216 189 115 14 13 8 2 10 38 101 14 9
1992 C 60 48 62 48 29 14 8 12 14 10 43 176 18 13
1993 W 99 89 27 17 16 6 15 7 5 9 56 238 14 8
1994 cC 240 335 150 174 44 18 16 10 7 21 31 74 30 15
1995 w 106 22 27 28 148 60 111 73 40 31 55 402 61 70
1996 w 919 373 35 32 91 113 56 44 12 16 105 281 61 58
1997 w 470 27 79 92 287 78 34 13 8 52 57 132 71 55
1998 w 445 162 81 83 117 98 98 47 31 33 89 278 67 67
1999 AN 338 64 118 61 114 135 49 20 6 27 77 147 54 47
2000 AN 326 162 259 22 54 116 33 16 11 52 172 298 47 39
2001 D 260 172 126 104 127 34 19 14 27 130 849 851 42 27
2002 D 513 41 27 26 18 13 14 10 6 61 203 235 19 12
2003 BN | 2084 | 25 29 21 23 15 22 7 6 38 76 156 17 11
2004 D 474 140 24 30 24 31 29 11 10 46 111 188 27 21
2005 W 42 27 21 20 66 85 96 36 40 51 155 153 52 55
2006 w 241 166 31 119 104 98 81 60 43 35 133 246 70 68
2007 cC 356 150 97 101 31 23 21 14 25 103 143 166 37 21
2008 c 217 195 83 40 24 14 19 14 6 36 233 245 22 15
2009 D 351 21 49 13 12 8 10 9 7 24 133 178 13 9

Notes: ' W, AN, BN, D, C stand for Wet, Above Normal, Below Normal, Dry, and Critically Dry classified water years, respectively.
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Table 2.20. Statistics of Unimpaired Flow, Observed Flow, and Observed Flow as Percent of Unimpaired Flow in the
Tuolumne River from 1984 to 2009

Unimpaired flow (TAF)
Statistic Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Annual 53?]'
10%tile 4 8 16 24 53 112 184 208 63 17 4 3 839 679
20%tile 5 13 18 32 60 124 195 275 100 24 8 4 884 750
25%tile 7 15 22 37 62 127 207 319 123 25 8 6 1,050 940
30%tile 9 17 25 40 67 136 219 329 141 30 9 7 1,114 975
40%tile 10 18 29 70 93 168 230 360 207 33 14 7 1,312 1,097
50%tile 11 23 47 97 105 190 263 443 260 57 20 10 1,514 1,241
60%tile 15 26 58 129 151 232 301 536 330 67 26 15 2,018 1,420
70%tile 18 49 70 134 161 271 307 541 381 101 33 18 2,394 1,708
75%tile 19 53 72 165 168 289 317 558 424 127 35 18 2,585 1,876
80%tile 21 62 82 202 192 296 323 569 507 144 37 20 2,971 1,970
90%tile 38 77 171 269 313 340 343 645 619 242 52 23 3,268 2,436
Observed flow (TAF)
10%tile 10 12 12 13 14 16 22 17 7 7 7 7 155 78
20%tile 15 14 15 18 15 18 23 26 9 8 9 10 213 110
25%tile 15 14 15 19 17 18 27 27 12 11 11 11 254 124
30%tile 16 16 16 25 24 19 34 31 13 13 12 11 265 135
40%tile 21 18 20 28 26 23 43 38 15 15 15 14 316 149
50%tile 27 21 25 35 28 46 46 42 17 16 17 16 398 176
60%tile 36 27 27 41 76 79 56 52 20 20 21 23 593 251
70%tile 42 29 28 54 144 209 102 79 28 21 27 30 1,236 731
75%tile 44 29 35 76 158 264 124 106 33 27 28 32 1,388 844
80%tile 46 30 78 96 236 291 180 170 47 30 30 38 1,560 1,098
90%tile 74 51 129 231 302 338 324 275 251 103 61 58 2,249 1,414
Observed flow as a percent of unimpaired flow (%)

10%tile 76 26 27 20 17 10 8 7 5 13 49 102 14 9
20%tile 106 40 29 26 23 14 13 7 6 20 57 147 18 10
25%tile 165 42 32 27 24 14 14 8 6 22 72 153 19 11
30%tile 212 47 36 28 24 14 14 8 7 24 77 161 19 12
40%tile 240 68 42 31 29 18 19 10 7 30 90 178 27 15
50%tile 293 76 64 40 49 33 22 12 9 34 106 236 40 21
60%tile 351 140 79 61 71 46 28 14 12 36 133 246 47 27
70%tile 438 156 90 97 107 78 34 15 16 49 147 289 53 42
75%tile 464 162 113 104 113 83 45 19 20 52 154 307 59 46
80%tile 474 166 126 119 115 94 56 32 25 52 172 330 61 55
90%tile 792 265 238 199 137 106 96 45 36 88 221 531 69 63
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Key to boxplots: Median, horizontal line; box, 25th and 75th percentiles;
whiskers, range for unimpaired flow (“+"sign) and observed (“X” sign).

Figure 2.12. Monthly Unimpaired Flow (Open Bars) and Observed Flow (Filled Bars) in the
Merced River from 1984 to 2009

2-37



December 2012 SJR Flow and Southern Delta Salinity Technical Report

Table 2.21. Monthly, Annual, and February through June Unimpaired Flow in the Merced River from 1984 to 2009

Water V¥2§r Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep | Annual 53?1
Year Typel (TAF) | (TAF) | (TAF) | (TAF) | (TAF) | (TAF) | (TAF) | (TAF) | (TAF) | (TAF) | (TAF) | (TAF) | (TAF) (TAF)
1984 AN 28 114 204 93 81 97 129 265 114 47 8 1 1,181 686
1985 D 8 28 21 19 33 59 147 171 57 12 5 6 566 467
1986 w 12 16 34 45 362 287 191 316 228 51 12 5 1,559 1,384
1987 C 7 3 5 6 18 36 95 95 25 6 3 1 300 269
1988 C 4 15 13 28 24 48 93 107 55 19 6 3 415 327
1989 C 1 5 10 12 23 96 160 132 73 13 5 5 535 484
1990 C 15 11 9 15 21 56 114 87 48 23 6 2 407 326
1991 C 2 1 1 5 3 96 81 184 145 36 4 2 560 509
1992 C 5 11 8 13 54 51 131 105 31 33 6 2 450 372
1993 w 2 7 22 190 100 157 181 384 280 95 21 8 1,447 1,102
1994 C 7 5 8 9 28 40 87 117 43 9 9 1 363 315
1995 w 16 22 25 200 70 364 206 388 471 340 59 13 2,174 1,499
1996 w 11 7 30 66 191 161 197 317 157 51 14 6 1,208 1,023
1997 w 2 57 230 634 102 116 169 278 114 29 13 6 1,750 779
1998 w 1 7 17 103 253 168 201 251 478 286 51 29 1,845 1,351
1999 AN 15 19 28 49 111 67 128 282 154 35 11 7 906 742
2000 AN 4 10 2 57 171 116 166 276 130 26 11 7 976 859
2001 D 4 6 10 13 31 86 108 215 33 10 3 1 520 473
2002 D 2 13 47 44 35 59 151 178 85 14 4 2 634 508
2003 BN 1 31 34 41 34 62 112 270 170 32 15 6 808 648
2004 D 2 9 26 35 60 120 139 135 54 17 7 4 608 509
2005 w 20 22 41 200 105 191 152 467 325 126 25 12 1,684 1,240
2006 w 8 7 74 129 68 171 344 496 332 85 17 9 1,741 1,411
2007 C 13 10 15 16 37 69 94 103 29 13 8 6 413 331
2008 C 5 6 7 48 64 56 104 196 93 25 7 4 617 514
2009 D 3 21 12 50 61 105 147 287 95 32 11 6 831 695

Notes: ' W, AN, BN, D, C stand for Wet, Above Normal, Below Normal, Dry, and Critically Dry classified water years, respectively.
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Table 2.22. Monthly, Annual, and February through June Observed Flow in the Merced River from 1984 to 2009

Water V¥2§r Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep | Annual 53?1
Year Typel (TAF) | (TAF) | (TAF) | (TAF) | (TAF) | (TAF) | (TAF) | (TAF) | (TAF) | (TAF) | (TAF) | (TAF) | (TAF) (TAF)
1984 AN 168 44 149 198 71 38 27 25 22 18 17 18 795 183
1985 D 27 32 72 42 18 19 18 18 15 13 12 13 299 87
1986 w 16 14 19 13 25 182 159 104 40 17 16 19 623 510
1987 C 28 15 14 14 13 18 11 12 10 8 8 9 159 64
1988 C 6 12 13 15 12 12 11 11 8 4 4 2 110 53
1989 C 2 8 12 12 11 19 12 10 7 2 1 3 100 58
1990 C 5 10 12 12 14 10 8 8 6 2 1 1 89 46
1991 C 2 8 10 8 4 20 8 6 1 0 1 4 74 40
1992 C 4 12 14 14 18 17 9 6 4 2 2 2 105 54
1993 w 11 15 13 36 21 21 60 56 35 22 37 36 363 194
1994 C 52 15 14 15 18 15 22 26 10 19 6 5 216 91
1995 w 21 14 13 36 17 144 194 231 190 151 34 44 1,089 776
1996 w 114 36 35 30 91 178 66 82 24 11 10 13 690 441
1997 w 32 20 124 452 388 113 41 44 11 9 9 11 1,255 598
1998 w 16 15 14 47 256 167 178 170 145 126 44 67 1,245 916
1999 AN 75 21 26 48 90 49 65 53 18 12 7 12 477 276
2000 AN 20 17 15 17 90 150 52 46 15 11 10 11 454 353
2001 D 34 35 25 21 18 24 34 43 16 8 9 8 274 135
2002 D 25 31 29 23 14 15 21 39 11 6 5 6 224 99
2003 BN 20 15 16 14 12 14 29 41 11 8 6 6 193 108
2004 D 17 16 15 16 19 17 25 41 8 6 6 7 193 111
2005 w 19 15 17 52 27 68 159 149 109 58 44 46 764 513
2006 w 25 15 41 156 43 169 275 253 153 43 42 41 1,255 892
2007 C 59 24 20 20 16 16 20 41 29 8 8 7 268 122
2008 C 19 38 30 30 25 17 27 51 7 6 5 7 261 126
2009 D 17 19 17 16 15 15 11 17 9 3 3 5 148 67

Notes: ' W, AN, BN, D, C stand for Wet, Above Normal, Below Normal, Dry, and Critically Dry classified water years, respectively.
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Table 2.23. Monthly, Annual, and February through June Observed Flow as a Percentage of Unimpaired Flow in the Merced
River from 1984 to 2009

Water V¥2§r Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep | Annual ii?]
Year Typet | (0 | (0) | (%) (%) (%) (%) (%) (%) (%) (%) | (%) | (%) (%) (%)
1984 AN 601 39 73 213 88 39 21 9 20 39 213 | 1,798 67 27
1985 D 344 116 343 220 54 33 12 10 26 109 232 223 53 19
1986 W 132 88 55 29 7 63 83 33 17 33 130 375 40 37
1987 c 397 490 281 236 73 50 11 13 40 127 256 903 53 24
1988 C 160 79 103 55 52 24 12 10 14 20 71 71 27 16
1989 C 233 162 120 103 49 20 7 7 9 16 30 61 19 12
1990 cC 34 94 130 80 65 18 7 9 12 7 19 73 22 14
1991 C 97 779 | 1,050 159 128 21 10 3 1 1 28 219 13 8
1992 C 85 111 171 107 34 33 7 5 11 6 39 123 23 14
1993 W 532 213 58 19 21 14 33 15 13 23 175 445 25 18
1994 C 742 295 174 164 64 38 25 22 24 212 63 472 59 29
1995 w 134 64 54 18 24 40 94 60 40 44 57 337 50 52
1996 w 1,040 | 520 117 45 48 111 34 26 15 21 71 211 57 43
1997 w 1592 | 35 54 71 381 97 24 16 10 32 73 180 72 77
1998 W 1,595 | 209 83 46 101 99 89 68 30 44 87 231 67 68
1999 AN 497 112 92 99 81 74 51 19 12 35 66 171 53 37
2000 AN 499 167 769 29 52 129 31 17 11 43 91 163 47 41
2001 D 857 580 245 163 59 28 32 20 49 84 284 753 53 28
2002 D 1,270 | 236 62 53 39 25 14 22 13 43 133 280 35 19
2003 BN | 2028 | 50 46 34 36 23 26 15 7 24 41 95 24 17
2004 D 768 185 56 46 32 14 18 30 15 34 93 186 32 22
2005 W 97 70 43 26 25 36 105 32 34 46 176 398 45 41
2006 w 304 212 55 120 64 99 80 51 46 50 238 468 72 63
2007 cC 462 232 132 122 44 24 22 39 99 61 94 129 65 37
2008 C 396 622 424 64 39 30 26 26 7 25 65 157 42 25
2009 D 517 87 140 32 24 15 7 6 10 9 28 90 18 10

Notes: ' W, AN, BN, D, C stand for Wet, Above Normal, Below Normal, Dry, and Critically Dry classified water years, respectively.
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Table 2.24. Statistics of Unimpaired Flow, Observed Flow, and Observed Flow as a Percentage of Unimpaired Flow in the
Merced River from 1984 to 2009

Unimpaired flow (TAF)
Statistic Oct Nov