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State Water Resources Control Board

1001 | Street, 24" Floor

Sacramento, CA 95814-0100

Dear Ms. Townsend:

Subject: Comments regarding the Recirculated Draft of the Substitute
Environmental Document in Support of Potential Changes to the
Water Quality Control Plan for the San Francisco Bay/Sacramento-
San Joaquin Delta Estuary: San Joaquin River Flows and Southern
Delta Water Quality

The California Department of Fish and Wildlife (Department) appreciates the opportunity
to review and comment on the State Water Resources Control Board's (State Water
Board) “Recirculated Draft of the Substitute Environmental Document in Support of
Potential Changes to the Water Quality Control Plan for the San Francisco Bay-
Sacramento/San Joaquin Delta Estuary; San Joaquin River Flows and Southern Delta
Water Quality” (SED). The Department agrees with the SED that the San Francisco
Bay/San-Joaquin River Estuary (Bay-Delta) is in ecological crisis, with many native fish
species populations at all time low abundances. In recent years, the poor water quality
conditions in the Bay-Delta and Sacramento and San Joaquin river watersheds,
exacerbated by drought, have brought fish species listed under the protection of the
state or federal Endangered Species Acts to levels near extinction or extirpation.

The Department is California’s Trustee Agency for fish and wildlife resources, and holds
those resources in trust by statute for all the people of the state. (Fish & G. Code, §§
711.7, subd. (a) & 1802; Pub. Resources Code, § 21070; CEQA Guidelines § 15386,
subd. (a).) The Department, in its trustee capacity, has jurisdiction over the
conservation, protection, and management of fish, wildlife, native plants, and habitat
necessary for biologically sustainable populations of those species. (Id., § 1802.)
Similarly, for purposes of CEQA, the Department is charged with providing, as available,
biological expertise during public agency environmental review efforts, focusing
specifically on projects, and related activities that have the potential to adversely affect
fish and wildlife resources.

Conserving California’s Wildlife Since 1870
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The Department recognizes the tremendous effort the State Water Board and staff have
put into developing this environmental document and associated amendments, in
addition to addressing our concerns with the previously proposed amendments. Below
is a summary of the Department's comments regarding the draft revised SED. Enclosed
with this letter are more detailed comments and supplemental attachments to support
the Depariment’'s comments.

1. Hydrology — The Department would like to reiterate its support for the State Water
Board's use of water quality objectives to reasonably protect all beneficial uses of
water, including estabiishing and maintaining viable salmonid populations. An
objective can be numeric or narrative, and there are several different possible
metrics to preserve the shape and vanablllty of the natural hydrograph in river
systems. The Department is interested in flows to prmnde specific and measurable
benefits to fish populations, and the Department recognizes that the best approach
to achieving those benefits may differ depending on whether the State Water Board
is approving individually negotiated voluntary agreements tailored o specific
tributaries or establishing a broader regulatory program of general applicability.

The Department believes that voluntary agreements provide a promising approach
to achieving the water quality objectives in a timely, effective, and durable manner,
and the Department is in the process of negotiating voluntary agreements directly
with public water agencies and other stakeholders in the three San Joaquin River
tributaries (Stanislaus, Tuolumne, and Merced Rivers). In the context of voluntary
agreaments negotiated directly with specific districts, the Department believes the
best approach is to structure tributary-specific functional flow regimes, in
coordination with appropriate non-flow measures, which address the underlying
stressors and make substantial contributions toward achieving the State Water
Board's water quality objectives. The Department recommends that the State Water
Board consider any such voluntary agreements in light of the functional benefits they
confer in a tributary along with the contribution they make to achieve the overail
water guality objectives.

in the absence of negotiated voluntary agreements with functional flow regimes
tailored for that river's needs, the broader regulatory program proposed by the State
Water Board, which relies on the percent of unimpaired flow from each 8an Joaquin
River tributary and allows for shaping those flows through the adaptive management
process to achieve functional benefits, is appropriate. The use of this UIF
methodology can allow for instream flow protections through preserving the shape
and variability of the natural hydrograph (Poff et al. 1897; Bunn and Arthington 2002)
to support natural ecosystem processes. Providing conditions that mimic the natural
hydrograph provides a “functional flows” approach that can be supportive of all
native populations without attempting to control the spacific mechanisms {e.qg.,
physmloglcal chemlcal fluvial, or biogeochemical) that are governing population
size.



Ms. Jeanine Townsend
Clerk to the Board

-~ March 15, 2017

Page 3

In addition, the aquatic habitat that a natural hydrograph produces can constrain the
proliferation of non-native species which reduce the survival and productivity of
native species. :

The State Water Board's 2010 Report, “Development of Flow Criteria for the
Sacramento-San Joaquin Delta Ecosystem”, conciuded that 60% of unimpaired San

 Joaguin River (SJR) inflow from February through June, as a criteria indicating
general timing and magnitude, was needed to protect and ensure viable Lower San
Joaquin River (LSJR) native fish populations and the ecosystem functions and
services upon which they rely. In addition to the February through June period,
minimum year-round flows are necessary to fully protect all aquatic life beneficial
‘uses. The Department agrees that flow shifting, as described in proposed
Alternatives 3 and 4 of the Bay-Delta Plan amendment may benefit native fish
populations within and outside of the February through June period. However, to
effectively manage this flow shifting and to maximize benefits, it is imperative that
the Bay-Delta Plan include the framework for a rigorous adaptive management
prograrm.

The Department believes that both flow and non-fiow aclions are necessary in the
LSJR and tributaries to recover native species. Non-flow actions {(e.g., habitat
restoration) must be coordinated with flow actions in order to ensure the intended
benefits to the aquatic ecosystem can be realized. For example, Figure 1 displays
natural salmon escapement in the Stanislaus and Tuolumne rivers from 1995 fo
2015. Bath rivers have had extensive habitat restoration projects conducted over
the last few decades. Escapement on the Stanislaus River has shown a steady
increase since the instream flow requirements were implemented as identified in the
2009 BiOP (NMFS 2008). During the same period, the Tuolumne River has had no
revised flow regime required or implemented, nor has the river exhibited
escapement increases from the non-flow habitat restoration actions. The data
suggest that non-flow actions alone will not provide the necessary habitat benefits to
recover anadromous salmonid populations. '

The Department believes that the inclusion of June in the Bay-Delta Plan flow
objectives is needed to support the full exprassion of life history diversity of
anadromous salmonids. Chinaok salmon juveniles are present and migrate in the
LSJR tributaries and Delta in June, and in some years, June emigration comprises a
substantial proportion of the total number of emigrants for the year (e.g., 1998, 2006,
and 2011) (Table 1). From 1984 to 2016, Chinook salmon juveniles emigrated out of
the L.SJR watershed in 17 out of 22 years with the current impaired flow
management regime. The currently proposed February through June "block of
water” strategy provides the flexibility to adaptively manage flow regimes in real-time
to optimize the use of water for aquatic ecosystem benefits, depending on current
hydrodynamic and meteorologic conditions, fish presence, current ocean age class
structure/abundance, population abundance trends, water quality conditions, etc.
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The managed hydrology of the LSJR must be able to support all the freshwater life-
stages of anadromous species. This includes the connectivity of flow hetween the
tributary watersheds and the Bay-Delta ecosystem fo facilitate Delta migration and
juvenile rearing. Flow from each of the tributaries must be able fo continue through
the Delia to facilitate oifactory cues to minimize straying from the LSJR and between
its tributaries. This phase of the Water Quality Control Plan update develops new
requirements for the flow from the LSJR to the Delia. 1t is critical that the new and
revised flow requirements developed for Phase 2 of the Bay-Delta Plan update
protect this fiow through the Delta to protect the anadromous migratory corridor.

2. Adaptive Management and Monitoring — The SED and proposed implementation
plan have benefited greatly from the expanded description of the adaptive
management process and the overall flexibility of shifting flow outside of the
February through June time period. The proposed Stanislaus, Tuolumne, and

 Mercad Working Group (8TM Working Group) outlines a process by which the San

~ Joaquin River and tributaries’ flow and restoration activities can be adaptively

managed. However, the SED and proposed amendments lack clarity in the
govarnance structure and decision-making process for the adaptive management
framework needed to support decisions on flows necessary {o achieve viable native
fish populations. The efficacy of the adaptive management process to protect all
aquatic beneficial uses relies heavily on the ability of the STM Working Group to
operate transparently, collaboratively, and efficiently. The Department recommends
that the State Water Board consider alternative governance structures that will
maximize flexibility, efficiency, and effectiveness in making decisions about adaptive
management and, as part of such a structure, the Department recommends that
State Water Board staff be assigned an active and clear leadership role in the STM
Warking Group that will allow them to facilitate forward progress and ensure
compliance with the proposed water quality objectives, biological goals, etc.

The Department strongly supports the use of SMART (specific, measurable,
achievable, relevant, and time-bound) objectives as key components for adaptwe
management decisians. Clear goals and objectives are necessary to measure the
success or failure of implernented actions (both flow and non-flow) to improve
aguatic ecosystem conditions and anticipated anadromous fish populatlon
responses. When implementing established goals and objectives, it is important to
identify the responsible parties and the extent to which each is accountable for
achieving the goals and objectives. While the Program of Implementation requires
the development of biological goals, the SED generally is unclear on how these
biological goals, and any associated objectives, will be used to adjust the percent of
UIF within the specified range (e.g., 30 to 50%). The Department recommends that
the Program of Implementation specifically Identlfy how and when the percent of UIF
can be adjusted within the specified range using biologica! goals or objectives as the
determinate trigger to adjust the percent of UIF.
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A robust monitoring and assessment program is also fundamental for an effective
adaptive management program. The Department recommends that water right
permits and water quality certifications require that the appropriate data be collected
and be readily available to the STM Working Group for use in the adaptive
management process. The necessary types of information likely include, but are not
limited to, both current and forecasted water operations and reservoir conditions
(e.g., water deliveries, current and projected reservoir levels, flows, water
temperatures, cold water pool volume, and water transfers), diversion rates and
volumes, and biological metrics for anadromous fish species (e.g., juvenile
abundance, survival estimates, ocean age class abundance, and escapement). A
collaborative and transparent assessment of environmental and biclogical conditions
in the LSJR watershed will greatly improve the efficiency of the STM Working Group
for real-time and iong-term management of the system. |

. 3. SalSim - The Department appreciates the efforts of the State Water Board staff to
inciude SalSim estimates in their anaiyses to evaluate the effect of flow prescriptions
on salmonid populations. The simulations performed by State Water Board staff
resulted in fish population estimates lower than would have been expected based on
empirical data. Through investigating the State Water Board's SalSim modeling
results and the mathematical functions in the model, the Department determined that
model parameter values in equations for egg incubation, alevin, and juvenile survivai
were in error. In combination, these errors produced excessively high egg and
alevin mortality during warmer water flow events and juvenile survival that was not
sensitive to river temperatures once flows exceeded approximately 450 cubic feet
per second. Inresponse, the Department revised the SalSim model, thus correcting
the parameter values for these equations so that temperature responses for all life
stages were more logical and better aligned with temperature guidelines. Please
see the attached SalSim memorandum for further details in your continued efforts to
update the Bay-Delta Plan.

4. Impaired Waters — Increasing flow in the LSJR tributaries could preciude the need
to develop Total Maximum Daily Load or other discharge control programs to
eliminate currently identified or future water quality impairments in the LSJR and
tributaries and the Delta. Streamflow is often considered a “master variable”
because it is strongly associated with many critical physicochemical characteristics
(e.g., temperature, salinity, residence time, and habitat diversity) of rivers (Poff et al.
1997). The release of high quality reservoir water into the tributaries of the LSJR
can also alleviate other identified impairments in these watersheds. The benefits to
water quality in the LSR watershed would be analogous to those realized by the
conditions imposed on the United States Bureau of Reclamation by the Revised
Water Right Decision 1641 to comply with the salinity standards.
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The salinity conditions in the SJR, Stanislaus River to Delta Boundary, have been
effectively controlled by flow releases from New Melones Reservoir, and as a result,
this river reach has been approved by the Central Valley Regional Water Quality
Control Board to be removed from the impaired waters list {Resolution No. R5-
2016-0083) for elevated electrical conductivity.

Increasing the percent of UIF in rivers not only increases and improves habitat for
fish and wildlife, but it also improves conditions for other beneficial uses (e.g.,
drinking water supply and agricultural supply). Increasing instream flow in the LSJR
and Delta may remove impairments in these water bodies caused by salinity,
elevated temperatures, and low dissolved oxygen (Table 2), thereby removing the
efforts and costs to develop control programs and basin plan amendments, to
implement mitigation actions to comply with-new water quality objectives for these
constituents, etc. In addition, increasing the volume of water in rivers will increase
their assimilative capacity for other constituents (e.g., pesticides, metals, sediment,
and selenium), thus decreasing their adverse impacts.

5. Voluntary Agreements — The Department believes voluntary agreements have the
potential to provide the most efficient and effective means of achieving the water
quality objectives and the Department appreciates the State Water Board's
recognition of the efforts of the Department and stakeholders to secure collaborative
voluntary agreements for restoration and water management. The use of voluntary
agreements will likely expedite environmental improvements and the implementation
of the proposed objectives by combining both flow and non-flow actions within the
watersheds and obtaining the resulting benefits far more quickly than a full
regulatory process would. The Department will continue to collaborate with
stakeholders to develop solutions to protect all beneficial uses of water within the
framework identified in the SED and proposed amendments and looks forward to
submitting voluntary agreements to the State Water Board for approval.

The Department appreciates the opportunity to provide comments on the draft
revised SED. If you have any questions, please feel free to contact Stephen Louie at

(916) 327-8758 or at Stephen.Louie@wildlife.ca.gov.

Sincerely,
Dot Carifle il

Scott Cantrell
Chief, Water Branch

Enclosure
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ec: California Department of Fish and Wildlife

Sandra Morey, Deputy Director
Ecosystem Conservation Division
Sandra.Morey@wildlife.ca.qov

Joshua Grover, Water Branch
Environmental Program Manager

Joshua.Grover@wildlife.ca.gov

Chad Dibble, Water Branch
Environmental Program Manager

Chad.Dibble@wildlife.ca.gov

Stephen Louie, Water Branch
Senior Environmental Scientist
Stephen.Louie@wildlife.ca.qov

Wendy Bogdan, General Counsel
Office of General Counsel
Wendy.bogdan@wildlife.ca.gov

Steven Ingram, Senior Staff Counsel
Office of General Counsel
Steven.Ingram@uwildlife.ca.qov

Carl Wilcox, Policy Advisor
Executive Office

Carl.Wilcox@wildlife.ca.gov

Dean Marston

Environmental Program Manager
Region 4
Dean.Marston@wildlife.ca.qov

Julie Vance, Regional Manager
Region 4
Julie.Vance@wildlife.ca.qov
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Executive Summary

The development of SalSim originated from a question that the State Water Resources Control
Board (State Water Board) asked of the California Department of Fish and Wildlife
(Department) in a 2005 workshop to update their 1995 Water Quality Control Plan for the San
Francisco Bay/Sacramento-San Joaquin Delta Estuary (Bay-Delta Plan). The question was
basically: How much water is necessary to protect San Joaquin River juvenile emigrating fall-run
Chinook salmon smolts? This question motivated the Department to develop a model focused
on salmon production in the San Joaquin River and tributaries. Originally developed in
Microsoft Excel, the model evolved over time and through responses to peer reviews to
become SalSim; accessible via the internet (www.salsim.com) and publicly released in June
2013.

SalSim is a full lifecycle fall-run Chinook salmon (Oncorhynchus tshawytscha) population
simulation model for the lower San Joaquin River (SJR) and its salmon bearing tributaries, the
Merced, Tuolumne and Stanislaus rivers. SalSim has two versions: an internet based version
(SalSim) and a desktop version (SJRSim). SalSim contains three sub-models that include: i) water
operations involving reservoir inflow, storage, and outflow (both diversion and river); ii) water
temperature response as a function of reservoir storage and release temperature, ambient air
temperature, and instream flow level; and iii) salmon production response, for both natural and
hatchery production (including adult spawning, egg incubation, juvenile rearing and emigration,
adult contribution to ocean fisheries, and adult immigration). In addition, SalSim provides the
ability to predict a salmon production response using imported water temperature and flow
data from external models (e.g., HEC-5Q or CALSIM), if more precise water temperature and
flow estimates are necessary. SJRSim contains only the salmon production response portion
listed above, and for scenarios utilizing modified flows and temperatures requires imported
flow and temperature data.

SalSim was not widely used until 2016 when the State Water Board staff utilized it to evaluate
flow alternatives as part of their revised Substitute Environmental Document (SED) for Phase 1
of the Bay-Delta Plan update. Resulting from that use, the State Water Board staff informed
the Department that their SalSim modeling results appeared flawed and illogical. Through
investigating the State Water Board’s SalSim modeling results and the mathematical functions
in SalSim, the Department determined that parameter values in equations for egg, alevin, and
juvenile survival, were in error. In combination these errors produced excessively high egg and
alevin mortality during warmer water flow events, and juvenile survival that was not sensitive
to river temperatures once flows exceeded about 450 cubic feet per second (cfs).

In response, the Department revised the SJRSim model, correcting the parameter values for
these equations so that temperature responses for all life stages were more logical and better
aligned with United States Environmental Protection Agency (USEPA) temperature guidelines.
In addition, the Department also modified the juvenile downstream movement function so that
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downstream movement is more variable, better reflecting the trend observed in empirical data
derived from juvenile emigration timing and survival studies. The Department only modified
SJRSim because only SIRSim provides the user access to the various parameter values without
reprogramming or coding. Modification to SalSim would require the services of an external
contractor. In addition, the Department has been periodically re-calibrating the SIRSim adult
return estimates utilizing the model’s fry density dependent survival functions for each river, so
it is the model with the most up to date calibration.

The Department is providing this information to the State Water Board for use and
consideration as it continues its Bay-Delta Plan update. Use of SJRSim,' and any results, should
be considered preliminary until a review of this revised desktop model has been conducted by
the United States Bureau of Reclamation’s SJRSim model developer. SJRSim is publicly available

by request to the Department.
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Abbreviated SalSim History (aka Why SalSim)

SalSim is a life-history population simulation model for fall-run Chinook salmon originating
from the San Joaquin River (SJR) and its upper three east-side salmon bearing tributaries
(Stanislaus, Tuolumne, and Merced rivers). The impetus for developing SalSim came about in
2005 when Department staff testified before the State Water Board regarding the need for
increased flow during State Water Board workshops being conducted to update their 1995
Water Quality Control Plan for the San Francisco Bay/Sacramento-San Joaquin Delta Estuary.
During Department testimony, the State Water Board asked the simple question, how much
water is necessary to protect San Joaquin River juvenile emigrating fall-run Chinook salmon
smolts? This question provided the motivation to develop a model focused on salmon
production in the San Joaquin River and tributaries. The original SIR salmon model was initially
developed using a Microsoft Excel spreadsheet platform and primarily focused on juvenile
survival through the Delta. The model evolved over several years, funded by many grants, to
become what is now SalSim, which is an internet accessible model. In December 2012, the
Department conducted a peer review with a panel of independent experts at UC Davis
(Anderson et al. 2012). In response to the peer review, SalSim was calibrated then released to
the public in June 2013. SalSim’s release included both a model development document
(Dotan 2014) and a user’s manual (CDFW 2013). Both the model document and user’s manual
are available for download at www.salsim.com.

What is SalSim
SalSim is a self-contained model containing three sub-models functioning together as one
overall model, which includes the following:

i. A water operations model that accounts for water movement into and out of the
lower rim dam reservoirs on the mainstem San Joaquin River (Friant) and the
principal east-side tributaries including the Stanislaus River (New Melones), the
Tuolumne River (New Don Pedro), and the Merced River (New Exchequer);

ii. Awater temperature model that predicts both reservoir release and downstream river
water temperature response as a function of reservoir storage, ambient air
temperature, and reservoir inflow-storage-release patterns. The model predicts water
temperature responses for the lower reaches of each tributary and the entire mainstem
of the SIR from Friant downstream to Mossdale; and

iii. A salmon production model, which predicts salmon abundance beginning with the
egg stage and extends through the entire salmon life cycle to adults returning
inland to spawn two to four years later.

When more precise salmon production estimations are desired, given the linkage in SalSim
between water temperature and fish production, SalSim was developed with the ability to
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import flow and temperature data files from other models such as the Department’s HEC-5Q
hydrologic model of the San Joaquin River basin. The overall computational flow of the model
is shown in Figure 1.

=

Figure 1 SalSim Package Design

SalSim includes the three ecosystems (inland, Delta, and ocean) that comprise the fall-run
Chinook salmon’s habitat over its full life cycle. These ecosystems overlap with the model's five
modules. Each module simulates salmon production based on physical and environmental
conditions. The connections between these modules are illustrated in Figure 2 below.
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SalSim Design
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Figure 2 Connections between SalSim Modules

SalSim Applied (aka Errors Identified)

While SalSim was released to the public in 2013, it was not “put to the test” until 2016 when
used by the State Water Board staff. In the process of being used by the State Water Board
staff as part of the revised Substitute Environmental Document (SED) for Phase 1 of the Bay
Delta Water Quality Control Plan update, illogical results were discovered. Through
investigating the State Water Board’s SalSim modeling results and the mathematical functions
in SalSim, the Department determined that parameter values in equations for egg, alevin, and
juvenile survival, were in error. In combination these errors produced excessively high egg and
alevin mortality during warmer water flow events, and juvenile survival that was not sensitive
to river temperatures once flows exceeded about 450 cubic feet per second.

Mathematical Corrections

The Department evaluated the equations and the associated parameter values for egg, alevin,
and juvenile survival and juvenile downstream movement. The following sections outline the
changes made to the various equation parameters and show comparisons between the original
equation results and the revised equation results.
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Egg and Alevin Survival
SalSim uses the following equation to determine daily egg and alevin survival:

Probability(Survival) = Expit(b(T — a))Expit(d(Q — ¢))

Where ‘a’ through ‘d’ are parameters relative to temperature and flow, ‘T’ is the temperature
in degrees Celsius, and ‘Q’ is the flow in cubic feet per second. Table 1 shows a comparison of
ariginal parameters alongside revised parameter values.

Table 1 Egg and Alevin Survival Parameters

Variable . Egg Value Alevin Value
or Description
Parameter QOriginal Revised Original Revised
Parameter for

a temperature, 50% 13.56 15.439 15.0114 17.145
survival point. -

b Parameter for

temperature slope, | -2-64718 -2 -1.22721 -1.75

Parameter for flow

c survival, 50% 52.5133 28.7 -188.726 -134.6
' survival point.

d Paramater for flow

slope. 0.0287344 1.075 0.0104744 0.0234

Variable for
T Temperature (°C) at Varies Varies Varies Varies

the redd location.

Variable for Flow
Q {cfs) at the redd Varies Varies Varies Varies

location.

The graphs in Figure 3-Original and Revised Egg and Alevin Survival Functions below compare
the survival probability for eggs and alevin between the original survival curves in blue and the
revised parameter curves in red. The original parameters resulted in excessive mortality when
considering multi-day survival. The revised parameters allow the functions to better reflect
empirical multi-day temperature-survival relationships.
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Figure 3 Original and Revised Egg and Alevin Survival Functions

In SalSim, eggs exposed to a constant 14°C suffer 100 percent mortality within five days
(Figure 4, blue lines). The revised equations (red lines) more appropriately consider survival
related to exposure (e.g., for eggs at the same 14°C exposure, mortality would be 80 percent
after thirty days). Similar results are obtained with alevin, except at 15°C. Egg and alevin
survival curves for 14°C and 15°C exposures, respectively, are shown in Figure 4-Egg and Alevin
Survival Curves.

Egg Survival at 14°C Exposure Alevin Survival at 15°C Exposure

100% 100%
@ 80% 80 80% -
2 £
£ 60% T 60% -
3 a
E 40% £ a0%
g 2
& 20% \ & 20%
0% { 0%
1 3 5 7 9 1113 1517 19 21 23 25 27 29 1 3 5 7 9 11 13 15 17 19 21 23 25 27 29
Number of Days Number of Days

= Original =——Revised ——Qriginal ———Revised

Figure 4 Egg and Alevin Survival Curves

Juvenile Survival

There are two juvenile survival equations affecting juvenile salmon populations prior to
entering the Delta, which are density independent and density dependent. The density
independent equation considers fish length, river temperature and flow parameters and
calculates juvenile survival probabilities for the fry, parr, and smolt life stages. This equation is

show below:
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Density Independent:

1
(1+exp(—(a+bT+cQ+dL+eTQ+fTL+gQL+hL?)))

Probability (Survival) =

Table 2 Juvenile Density Independent Survival Parameters

SalSim (Original)
Variable Revised
or Description Stanislaus | Tuolumne | Merced
Value
Parameter :
a Constant 0 0.02 0.01 21.64
b Paramfter for temperature -0.23 0.23 -0.23 .1.346
slope (°C) :
c Parameter for flow {cfs) 0.018 0.02 0.02 0.000001
d Parameter for length (mm} 0 0 0 - 0.012805
o !JarameFer for temp-flow 0 0 . 0 0.000025
-dnteraction -
f ?arame’Fer for temp-length 0 0 0 0.001273
interaction
g Parameter f°r.fl‘_’w"'e”gth 0.0001 | 0.0001 | 0.0001 | 0.0000001
interaction (cfs*mm)
h Parameter for length- -0.00001 0 0 -0.0000263
squared (mm~)
xglable for temperature Varies | varies Varies Varies
Q Variable for flow (cfs) Varies Varies Varies Varies
L le;a)ble for fish length Varies Varies Varies Varies

Table 2 shows a comparison of original parameters for the three tributary rivers alongside
revised parameter values, where the original SalSim parameter values for parameters ‘d’
through ‘f were erroneously set to zero. These values represent our initial attempts to
calibrate the model to rotary screw trap estimates, which proved nearly impossible as that data
contains such wide confidence intervals. However, as we moved to utilizing adult return
estimates as a calibration factor, we mistakenly left these parameters set to zero in the model
equation. This oversight caused the density independent survival function to disregard
temperature effects once river flows exceeded about 450 cfs. These parameters have been
revised, such that they are the same for each river. Results now reflect influences from fish
tength and river temperature (aligning more with USEPA and literature research temperature
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Density Independent Survival
40 mm Fry, 60 mm Parr, 90 mm Smolt, Q=450 cfs

Survival Probability

10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30
Temperature - C

—=—Qriginal —o—Revised Fry ——Revised Parr —e—Revised Smolt

Figure 5 Juvenile Density Independent Survival Function at Flow of 450 cfs

guidelines). Previous results were primarily driven by flow as seen in Figure 5 at a flow of 450
cfs.

At flows around 200 cfs, the flow value does not overly drive survival estimates, and influences
from temperature and fish length can be observed (e.g., comparison of Figures 5 and 6
“Original” survival estimates (red lines)). The revised survival probability curves are similar for
200 cfs and 450 cfs using the revised equations. The revised density independent equation
produces results that are logical and defensible when considering juvenile salmon responses to
temperature, which is critical when considering benefits of increasing flows with the goal of
reducing temperatures.
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Density Independent Survival
40 mm Fry, 60 mm Parr, 90 mm Smolt, Q = 200 cfs

Survival Probability
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—=—Qriginal —+—Revised Fry ——Revised Parr —e—Revised Smolt

Figure 6 Juvenile Density Independent Survival Function at Flow of 200 CFS

In SalSim, the density dependent equation is used to generally reflect fry overcrowding and
competition for limited habitat. The abundance of fry habitat, which can differ from river to
river or within a river at varying flows, has not been directly measured, thus flow is used as a
proxy for habitat. Further, because of this variability, we primarily used this equation to re-
calibrate the model (see Re-Calibration Effort section) to adult returns by adjusting the
parameters k1, k2, and k3 for each river. The density dependent equation takes the form:

Density Dependent:

Probability (Survival) = k3 + (1+d1—;sk£y—-—

k2
k1 )

reach fry count
reach length x reach flow

Where, density =

The parameter values and descriptions shown in Table 3 indicate our most recent effort at
calibrating the SJRSim model.
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Table 3 Density Dependent Juvenile Survival Parameters

Variable or parameter | Description Stanislaus | Tuolumne | Merced
Parameter for
k1 . ) 350 750 1000
horizontal shift
k2 Parameter for slope 0.4 1.6 1.6
Parameter for
k3 , . 0.7 0.3 0.7
Function minimum
Density Density as defined Varies Varies Varies

This results in the probability for fry survival for each of the tributary rivers as shown Figure 7

below.
Density Dependent Survival
10
09
08
07
Z
E o0s
:
| & os
3
| 504
3
vy
= 0.3
w
0.2
01
0.0
0 500 1,000 1,500 2,000 2,500 3,000 3,500 4,000 4,500 5,000
Flow (cfs)
+—Stanislaus —#—Tuolumne Merced

Figure 7 Fry Density Dependent Survival Function
These parameters are justifiable, if the fry carrying capacities are such that the Merced River
has greater capacity or habitat than the Tuolumne River, which has greater capacity than the
Stanislaus River. If you assume that wider non-incised channels have greater potential for fry
carrying capacity, then the Merced River does have greater carrying capacity. This is based on
comparing the channel widths at varying flows from 500 to 3,000 cfs for the upper 20 miles of
each river using data from the Department’s HEC-5Q model for the San Joaquin River Basin.
The Department does realize that one cannot accurately model complex habitat, fry density
and flow conditions using a simplified equation, but the flow to river channel width comparison

does help support these parameter values.
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Juvenile Downstream Movement
Juvenile movements are evenly divided into one of three downstream movement
classifications (aka movement cohorts), identified as one of stfow, medium, or fast downstream
movers. We recognize this is a simplistic way of reflecting the fact that downstream juvenile
movement varies widely with some fish from a production cohort accupying specific habitat for
some time, while members from the same production cohort may move downstream
immediately, carried away by stream velocity. We also recognize that when flood plain
conditions arise, many thrive within this habitat as long as it persists, and only move
downstream as the flows recede. In SalSim, the movement equation considers movement class
{slow, medium, or fast), and the model looks at the river for conditions where floodplain
habitat might occur. Flood plain habitat estimates are based on cross-sectional data developed
by the Army Corps of Engineers for a flood capacity study following the flooding that occurred
in 1997. This data is contained within the Department’s San Joaquin River Basin-Wide water
temperature and EC Model (Dotan et al. 2013), for roughly each mile of each river. The
equation determines downstream movement in miles per day and is in the following form:

a
MilesMoved = Max(ay + a,speedClass + a—;Mz‘n((Q, Qeutoff)™ + aginundation, 0)
_ 3

The original and revised parameter values are shown in Table 4.
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Table 4 Juvenile Downstream Movement Parameters

Original Values Revised
Variable or L \ \
Description Stanislaus Tuglumne Merced All Rivers
Parameter
a Constant 0.20 0.20 0.20 0.530
a Parameter for speed class multiplier 0.30 0.30 0.30 0.747
Parameter for flow component vertical
a, P 1.50 1.50 1.00 0.90
scale parameter
Parameter for flow component '
a; . 2100 2100 1000 3310.00
horizontal scale parameter
Parameter for flow companent e ‘
a, P 0.50 0.60 0.70 0.39
curvature parameter
as Parameter for inundation multiplier -0.01 --0.01 -0.01 | -0.006
Variable for juvenile speed class ({fast=1, . . . .
speedClass Varies Varies Varies Varies
mead=0 or slow=1)
Variable for flow at juvenile’s current . ) . .
Q . Varies Varies Varies Varies
location (cfs) .
Variable for flow level at which flooding . ) . .
* Qeutetf . L, . Varies Varies “Varies Varies
occurs at the juvenile’s current location
Variable for level of inundation inte the
Inundaticn flood plain {flood plain incremental Varies Varies Varies Varies
width (ft})

- The movement equation with the parameters identified in Table 4 produces the movement
curves for the fast, medium, and slow downstream moving juveniles as shown in Figure 8. The
dashed lines indicate the much less variable original movement curves used in $alSim. The
revised equation, we believe, represents a more realistic approach that encompasses a broader
range of movement among the juveniles, without having empirical data that would indicate a
different movement pattern. The peak occurring in each curve around 3,000 cfs is the result of
floodplain inundation for a specific river at a specific location, and is a resutt of when floodplain
conditions begin to affect the juveniles’ downstream movement.

Re-Calibration Effort

The Department’s initial re-calibration effort was done using the desktop version of the model,
SJRSim. This version of the mode! was developed by AD Consultants (part of the original SalSim
development team) for the United States Bureau of Reclamation and its work with the San
Joaquin River Restoration Program. SJRSim provides access to many of the model’s parameters
to allow manipulation of equations to conduct “what if” analyses for comparing juvenile
survival relative to habitat, since the upper San Joaquin River does not have a recurring
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Juvenile Downstream Movement
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Figure 8 Juvenile Downstream Movement Function

population to establish calibration. Having access to the various parameters allowed the
Department to use this model in its initial re-calibration effort. We maintained the same
parameter values for all three tributaries (Stanislaus, Tuolumne, and Merced rivers) for egg and
alevin survival and juvenile density independent survival, as previously discussed, as these
equations are primarily temperature driven. We also kept the movement equation parameters
the same for the three rivers, assuming juvenile responses to flow velocity and floodplain
conditions to be the same within all three tributaries. We then used the fry density dependent
survival equation to vary parameters independently for each river, since this equation considers
population and habitat availability in terms of fry density. This is a logical approach given that
habitat availability can vary from river to river or within a river due to varying flows.

The following figures show the re-calibrated SIRSim results for each of the three tributary rivers

and a total for all rivers. The graphs on the left show the correlation results and include the

R-squared regression value that simply provides a “goodness of fit” between historical and

simulated data, where a “1” value would indicate that the dependent variable (modeled

results) matches exactly the independent variable (empirical escapement estimates) and a zero

means there would be no correlation between historical and simulated results. The graphs on
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the right show comparisons between the historical and simulated adult salmon escapements. It
is possible that additional calibration efforts could improve these results.

For the Merced River (Figure 9, with the correlation graph on the left and the historical versus
simulated results in the graph on the right):

Merced River Adult Escapements B H
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For the Tuolumne River (Figure 10, with the correlation graph on the left and the historical
versus simulated results in the graph on the right):

Tuolumne River Adult Escapements | Tuolumne River (SJRSIm)
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Figure 10 Tuolumne River Re-Calibration (S/RSim)
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For the Stanislaus River (Figure 11, with the correlation graph on the left and the historical
versus simulated results in the graph on the right):

Stanislaus River Adult Escapements Stanislaus River (SJRSim)
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Figure 11 Stanislaus River Re-Calibration (SJRSim)

For all tributaries combined (Figure 12, with the correlation graph on the left and the historical
versus simulated results in the graph on the right):

All Tributaries Adult Escapements i All Tributaries Combined (SJRSim)
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Figure 12 All Rivers Re-Calibration (S/RSim)

The SJRSim’s 1998 adult Chinook salmon decline is anomolous at this point, and without
further evaluation is unexplainable. Otherwise, the re-calibration results for all tributaries, as
shown in Figure 12, provides a reasonable “fit” to historical adult returns.

Concluding Remarks
The Department has revised SIRSim to be the most up to date model, until the internet based
interactive SalSim can be updated. As a result, the revised desktop SJRSim no longer has the
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ability to conduct flow simulations internally. All scenarios either utilize the calibrated HEC-5Q
flow and temperature data (which reside within the model} or require flow and temperature
data to be imported for alternative scenarios. SalSim also provided graphical and animated
outputs that are no longer available with the desktop version. SalSim provided a button to click
on to download madel output, but the desktop version provides this feature only by clicking on
desired output files; however, all output files are automatically saved by SJRSim to the user’s
hard drive after each run, and files are overwritten unless different scenarios have a different
run name. Since SIRSim’s developer (AD Consultants) was not available to assist with the
recent SJRSim refinement, any model simulation results from the new desktop version of
SIRSim should be viewed as preliminary.
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