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3. Background

The purpose of the Sacramento River Temperature Task Group (SRTTG) is to provide advice to
Reclamation on managing water temperatures downstream of Central Valley Project (CVP)
reservoirs in the Sacramento River, Trinity River and Clear Creek. The Clear Creek Technical
Team plans and implements long-term restoration actions and reports on such things as pulse
flows, gravel augmentation, and channel forming flow required in the National Marine Fisheries
Service (NMFS) 2009 Biological Opinion (BiOp). It also coordinates monitoring for these
actions. The SRTTG reports on the temperature requirements as specified in the State Water
Resource Control Board (SWRCB) Water Rights Order (WR) 90-5 and also the required actions
described in NMFS’ 2009 reasonable and prudent alternative (RPA) with 2011 amendments

The SRTTG advises the U.S. Bureau of Reclamation (Reclamation) on the best course of action
to implement Water Rights Order 90-5 to establish a temperature compliance point (TCP) for
winter-run Chinook salmon, depending on carryover storage, water year type, and fish
distribution. The SRTTG used historical data, the latest modeled water temperatures, operator
experience, and the latest biological data available to adaptively manage water releases from
Shasta, Trinity and Whiskeytown Reservoirs. In most years, it is not possible to maintain 56°
Fahrenheit (F) at Bend Bridge throughout the entire temperature control season, and the SRTTG
will advise that the TCP be established farther upstream. Since the advent of the Trinity River
Restoration flows in 2001, there has been only one year, 2006 (a very wet water year), where 56°
F was maintained at Bend Bridge from April through November. A salmon decision tree
process was used as initial guidance in prioritizing actions.

The objectives of the May 15 through October 31 Sacramento River in-stream temperature
criteria are to manage the cold water storage within Shasta Reservoir and make cold water
releases from Shasta Reservoir to provide suitable habitat temperatures for winter-run Chinook
salmon, spring-run Chinook salmon, California Central Valley steelhead, and the Southern
Distinct Population Segment of North American green sturgeon in the Sacramento River
between Keswick Dam and Bend Bridge, while retaining sufficient carryover storage to manage
for the following year’s winter-run Chinook salmon cohort. In addition, to the extent feasible,
another objective is to manage for suitable temperatures and stabilize flows for naturally-
spawning fall-run/late-fall-run Chinook salmon.

This document describes the water year (WY 2015 actions taken in the upper Sacramento River
by the SRTTG to meet the requirements NMFS BiOp on the long-term water operations of the
CVP and State Water Project (SWP). Full accounting for WY 2015 has not yet been completed;
therefore, this report only describes the actions taken in a qualitative format.



A. Membership

The SRTTG consists of representatives from Reclamation, FWS, NMFS, California Fish and
Wildlife Service (CFWS), State Water Resources Control Board (SWRCB), Western Area
Power Administration (Western), and the Hoopa Tribe. Other agencies have participated in the
past and may be added to the SRTTG, provided existing agencies approve of the addition in
membership.

4. Water Year Conditions and Operations

Water year 2015 yielded little hydrologic relief to the on-going drought. This year, the fourth
year of consecutive dry year conditions, provided just 22% of the April through July full-natural-
flow statewide average (DWR 2015). Extremely low precipitation volumes, snow-pack, and
reservoir storages contributed to very challenging operations of the CVP and SWP water storage
and delivery systems. The regulatory requirements and system constraints offer some
operational flexibility due to drier hydrology, but are insufficient to restore system expectations
to “normal” conditions. In mid-December, agencies released an “Interagency 2015 Drought
Strategy for the Central Valley Project and State Water Project”, and again in mid-January a
multi-agency team released a guiding document called “Central VValley Project and State Water
Project Drought Contingency Plan: January 15, 2015 through September 30, 2015” providing
multi-agency objectives and purposes for state-wide project operations. Operational updates
evolved throughout the year in conjunction with the California State Water Resources Control
Board. This year produced conditions similar to last water year, where prolonged drought resulted in the
dependency on previously stored water supplies and reduced carryover storage, degraded water
quality, reduced deliveries, and lower flow rates/reduced stage.

5. Summary of Actions and Results

On 2/3/15, the SWRCB approved, in part, DWR and Reclamation’s Temporary Urgency Change
Petition (TUCP) to temporarily modify water right requirements in WR Decision-1641 due to the
ongoing drought. The order was revised on 3/5/15 and on 4/6/15.

The Orders included the following language in regards to Sacramento River temperature:

Pursuant to the requirements of the TUCP and SWRCB WR 90-5, Reclamation, in consultation
with the fisheries agencies, shall take the following actions:

a) Perform hindcast temperature modeling of the water year 2014 temperature control
season to verify Reclamation’s temperature model accuracy. Model inputs will reflect
observed water year 2014 conditions, including, but not limited to, observed air
temperatures, inflows, inter-basin transfers, and all other relevant operations.
Reclamation will perform further analysis to identify the source of any significant



discrepancies between modeled and observed temperatures. Reclamation shall prepare a
report comparing the results of the aforementioned hindcast model run(s) to the observed
Sacramento River temperatures during the water year 2014 temperature control season.
This report will include the full model input and output files used in the hindcast. The
report shall be submitted to the State Water Board and Sacramento River Temperature
Task Group by March 13, 2015.

b) Reclamation, in coordination with the fisheries agencies, shall update the Temperature
Management Plan for the Sacramento River for the 2015 winter-run Chinook salmon
spawning and rearing period that considers other fisheries needs, including spring- and
fall-run Chinook salmon. That plan shall identify and evaluate all available options for
reducing temperature and redd dewatering impacts to winter-run Chinook salmon on the
Sacramento River for the remainder of the 2015 Water Year. As part of the development
of the Temperature Management Plan, Reclamation shall include three temperature
model run scenarios: (a) Reclamation’s preferred operations, (b) the fisheries agencies’
preferred operations and (c) an optimal operation for which temperature control
pursuant to Order 90-5 is the primary objective for operations in Water Year 2015
without consideration for contract deliveries and other demands for water from Shasta
Reservoir. Reclamation shall follow direction from the fisheries agencies for the
assumptions that should be made for model run scenario (b) and shall follow direction
from State Water Board staff to determine the assumptions that shall be made for model
run scenario (c). The 2015 temperature management plan shall be submitted to the
Sacramento River Temperature Task Group (SRTTG) for review no later than March 25,
2015, with updates as necessary to reflect changing conditions. The final Temperature
Management Control Plan shall be submitted to the State Water Board by June 1, 2015.
Temperature model input and output files for all scenarios shall be included as an
appendix to the Temperature Management Plan.

c) Reclamation shall update the plan as conditions change or upon the request of the
fisheries agencies or Executive Director or his designee. Any updates to the Temperature
Control Plan shall include updated model results for all three scenarios. For the
remainder of the drought, Reclamation shall meet weekly with the SRTTG to discuss
operations and options for reducing or avoiding red dewatering, stranding and
temperature impacts to winter-run Chinook salmon. Reclamation shall confer on
recommendations from the SRTTG during the consultation process and other applicable
CVP and SWP operational decision-making meetings. Reclamation shall immediately
make available technical information requested by the Executive Director or his designee
through the consultation process. Reclamation shall report monthly to the State Water
Board during its Board meeting on actions that have been or will be taken to reduce
impacts to winter-run Chinook salmon, through the remainder of the drought.

Reclamation submitted a report on 3/17/15 titled “Initial Hindcast of Temperature Performance
of Sacramento River 2014” pursuant to condition 6 (a) of 3/5/15 Order (Attachment A).
Reclamation submitted results of temperature modeling runs in support of the draft 2015
Temperature Management Plan on 3/26/15.



On 5/21/15, DWR and Reclamation submitted a request to the State Water Board to modify and
renew the TUCP Order pursuant to Water Code section 1441, which allows for temporary
change orders to be renewed for up to 180 additional days. The 5/21/15 request replaced a
request made on 3/24/15, for changes during the July 1 through November 30 period on which
the Executive Director of the SWRCB had not yet taken action.

Reclamation submitted a revised draft Temperature Management Plan for review and approval
by the Executive Director in mid-April, and an updated plan on 5/4/15. The Executive Director
provisionally approved the Temperature Management Plan on 5/14/15. Reclamation continued to
update temperature profile measurements taken at Shasta Lake and associated temperature
modeling information and submitted another revised plan for the Executive Director’s review
and approval on 6/26/15.

On 7/3/15, the SWRCB approved DWR’s and Reclamation’s TUCP, to further temporarily
modify water right requirements in WR Decision-1641 and WR 90-5, due to the ongoing
drought. Condition 6 of the TUCP states the following:

Reclamation, in consultation with the fisheries agencies, shall take the following actions:

a. Reclamation shall implement the Sacramento River Temperature Management Plan with
any changes required by the Executive Director. Key elements of the Plan from the
Shasta Temperature Management Plan-Key Concepts include:

i Base Keswick releases of 7,250 cfs in June and July.

ii Base Keswick releases of 7,250 cfs in August, 6,500 cfs in September, and 5,000
cfs in October, subject to change in accordance with the realtime monitoring and
decision making process described below based on the performance of the plan in
June and July.

iii Actual operations will be decided using a real-time monitoring and decision
making process that includes representatives from the relevant federal and State
agencies. This decision making process may yield adjustments to base operations
depending on real-time conditions on the ground.

iv Reclamation will convene the real-time monitoring and decision making group
at least weekly, and more frequently if necessary to inform decisions about
temperature operations.

v Decisions regarding real-time adjustment to base operations will be made using
the principles identified in the Shasta Temperature Management Plan-Key Components.

b. Reclamation shall immediately update the Sacramento River Temperature Management
Plan as conditions change or upon the request of the fisheries agencies or Executive
Director or his designee. The plan shall provide reasonable protection for winter-run
Chinook salmon during the 2015 spawning and rearing period and consider other
fisheries needs, including spring-and fall-run Chinook salmon. Reclamation shall
conduct all necessary modeling, monitoring and reporting to inform temperature
operations. Specifically, Reclamation shall submit to the fisheries agencies and State
Water Board staff:



C.

i. Updated reservoir temperature profile measurements no less than
weekly for Shasta and every two weeks for Trinity and Whiskeytown
reservoirs in digital format, unless otherwise approved;

ii. Immediately upon any change in conditions or upon the request of the
fisheries agencies or State Water Board staff, updated annotated
temperature modeling including the following information:

1. Identification of the model run date;

2. Input and output files;

3. Keswick flow release level (if static), or time series, as appropriate;

4. The meteorological assumptions used for the run;

5. Titles or notes that explain the temperature target of the run, and at

what location; and

6. Other notes that describe if the run was done to target a specific

temperature based on the other run assumptions or if the meteorological

conditions were simply imposed on another run.
iii. With the exception of weekends and holidays, daily updates of average daily
river temperature conditions, including the Shasta temperature control device
weighted average, Spring Creek Power House weighted average, and Sacramento

River miles 302, 298 and 293 temperatures; 10-day forecasted Redding high and

low air temperatures; and

iv. Actual and forecasted CVP and SWP monthly operations immediately upon
any significant change in conditions, including input assumptions for major
system inflows and outflows, including accretion and depletion assumptions.

For the remainder of the drought, Reclamation shall meet no less than weekly with the
Sacramento River Temperature Task Group (SRTTG) to discuss operations and options
for reducing or avoiding redd dewatering, stranding and temperature impacts to winter-
run Chinook salmon. Reclamation shall immediately notify the SRTTG of any significant
changes to environmental or operational conditions that may affect temperatures and
shall convene a meeting with the SRTTG to discuss unless the SRTTG members indicate a
meeting is not needed. Reclamation shall provide notes from the meetings to the SRTTG
within 5 days following the meeting for review and approval and shall post the approved
notes and handouts from the meetings on its website immediately upon approval.
Reclamation shall confer on recommendations from the SRTTG during the consultation
process and other applicable CVP and SWP operational decision-making meetings.
Reclamation shall immediately make available technical information requested by the
Executive Director or his designee through the consultation process. Reclamation shall
report monthly to the State Water Board during its Board meeting on actions that have
been or will be taken to reduce impacts to winter-run Chinook salmon, through the
remainder of the drought.

Reclamation shall meet with State Water Board and fisheries agency staff before August
7, 2015, to develop a plan for providing information and tools needed to independently
run the Sacramento River Temperature model.



e. In consultation with the fisheries agencies and State Water Board staff, perform a review
and evaluation of the water year 2015 temperature control season to evaluate the
effectiveness of temperature control operations this year, as well as necessary actions to
improve temperature control operations in the future, beginning in the next water year.
Reclamation shall perform any necessary analyses to identify the source of any
significant discrepancies between projected and observed temperatures. All analyses
associated with this evaluation shall be submitted with the evaluation. The evaluation
shall be submitted to the State Water Board and SRTTG by January 15, 2016.

There were nineteen SRTTG meetings/calls on: 4/23/15, 5/14/15, 5/28/15, 6/11/15, 6/15/15,
6/18/15, 6/25/15, 7/9/15, 7/16/15, 7/23/15, 7/30/15, 8/6/15, 8/13/15, 8/20/15, 8/27/15, 9/3/15
9/10/15, 9/17/15, and 9/25/15. In the first few meetings the group discussed operational
forecasts and water temperature modeling results for the year in the Sacramento River, Trinity
River, and Clear Creek, and coordination on meeting the conditions of the TUCP. In the
Sacramento River watershed, Water Years 2014 and 2015 were classified as critically dry. This
year’s snow pack was at historically low levels throughout the state. As of the end of May 2015,
all of the snow stations were at zero percent of average. As of the end of July 2015, the Northern
Sierra 8-Station Precipitation Index was at 36 inches, which was 74 percent of average. Storage
in Shasta Reservoir peaked on 4/16/15 at 2,722,000 acre-feet, which was 60 percent of capacity.
The SRTTG recognized how critical it was to conserve as much cold water as possible for the
summer.

The SRTTG agreed to target a TCP of 58°F at Clear Creek (see Figure 1) until 5/15/15 or when
fish agencies notified Reclamation that spawning was occurring, whichever came first. On
5/11/15, the fish agencies reported to the SRTTG that there was evidence of spawning and
requested the TCP at Clear Creek be changed to 56°F. Reclamation recommended maintaining
the temperature control point of 58°F until more spawned out females were found (e.g. 5 to 8), as
this would allow them to continue running the warm water bypass longer, and thus conserve
more cold water for the late summer. Reclamation cited the benefits this conservation of cold
water would have for the bulk of the fish population late in the season, rather than using the cold
water in May for fewer fish. Reclamation acknowledged that it could not forecast the extent of
the impact, but noted that every action to conserve cold water early in the season would benefit
fish later in the season. However, without any way to forecast or model the amount of cold water
that would be saved by this delay, and without any way to forecast or model the delay’s near-
term effect on temperatures, the SRTTG decided that the temperature control point would change
to 56°F.
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Reclamation submitted a draft temperature management plan for the Sacramento River in mid-
April with updated information in early May under conditions of the TUCP. With that plan,
Reclamation indicated that it could not maintain temperatures of 56° F at the Clear Creek
compliance location throughout the temperature control season due to significant reductions in
cold water supplies indicated in reservoir temperature profile readings beginning in late April
and continuing through May. Reclamation submitted a revised plan on 6/25/15. The plan called
for real-time operations that targeted 57° F at the Clear Creek compliance location without
exceeding 58° F with minimized flows.

Reclamation had been considering other ways to improve temperature on the Sacramento River
and looked at different ways to prevent or slow down the rate of warm water blending into the
structural gaps in the TCD. Reclamation designed a geomembrane curtain to cover the gaps over
the middle gate of the TCD. The curtains are 45 feet wide and 65 feet long and five of them
were installed over the middle gates. The installation of the curtains started on 8/3/15, and during
the installation, the units were operated to continue to have the temperature output to meet the
compliance point at Clear Creek (CCR). The installation entailed two boats in the water and a
crane on top of the dam to secure the curtain into place. There is a steel pipe at the top and at the
bottom of the dam and fasteners on the TCD. Reclamation coordinated with the Livingston Stone
National Fish Hatchery to ensure that cold water would make it to the hatchery during that time.
Reclamation will remove the curtains in the fall when they were no longer needed. Reclamation
believes that the installation of the geomembrane curtains on the TCD provided the ability to
delay pulling of the first side gate on the TCD, thus allowing more conservation of the cold water
pool.
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Sacramento River

RPA Action 1.2.1. Shasta Operation Performance Measures

Action: The following long-term performance measures shall be attained. Reclamation
shall track performance and report to NMFS at least every 5 years. If there is significant
deviation from these performance measures over a 10-year period, measured as a running
average, which is not explained by hydrological cycle factors (e.g., extended drought),
then Reclamation shall reinitiate consultation with NMFS.

Measured as a 10-year running average, performance measures for temperature
compliance points during summer season shall be:

Meet Clear Creek Compliance point 95 percent of time

Meet Balls Ferry Compliance point 85 percent of time

Meet Jelly’s Ferry Compliance point 40 percent of time

Meet Bend Bridge Compliance point 15 percent of time

Result: Since the RPA has been in place, Reclamation has met the TCP with the
exception of WY2014 and 2015, given the drought conditions. In WY 2015, the
temperature modeling results suggested that the TCP should be targeted at Clear Creek
and after coordination of the data with the SRTTG, the TCP was maintained at Clear
Creek. Monitoring studies indicated that 98% of the redds were above Highway 44,
which is above the Clear Creek TCP.

RPA Action 1.2.2. Fall Actions, Keswick Releases (November — February)

Action: Depending on EOS carryover storage and hydrology, Reclamation shall develop
and implement a Keswick release schedule, and reduce deliveries and exports as detailed
below.

RPA Action 1.2.2.C. Implementation and Exception Procedures for EOS Storage of
1.9 MAF or Below

If the EOS storage is at or below 1.9 MAF, then Reclamation shall:

1) In early October, reduce Keswick releases to 3,250 cfs as soon as possible, unless
higher releases are necessary to meet temperature compliance points (see action 1.2.3).

2) Starting in early October, if cool weather prevails and temperature control does not
mandate higher flows, curtail discretionary water deliveries (including, but not limited to
agricultural rice decomposition deliveries) to the extent that these do not coincide with
temperature management for the species. It is important to maintain suitable temperatures
targeted to each life stage. Depending on air and water temperatures, delivery of water for
rice decomposition, and any other discretionary purposes at this time of year, may
coincide with the temperature management regime for spring-run and fall-run. This
action shall be closely coordinated with NMFS, USFWS, and CDFG.
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3) By November 1, submit to NMFS storage projections based on 50 percent, 70 percent,
and 90 percent hydrology through February. In coordination with NMFS, Reclamation
shall: (1) develop a monthly average Keswick release schedule similar in format to that in
Action 1.2.2.B, based on the criteria below and including actions specified below; and (2)
review updated hydrology and choose a monthly average release for every month, based
on the release schedule. November releases shall be based on a 90 percent hydrology
estimate.

Criteria and actions:

1) Keswick releases shall be managed to improve storage and maintained at 3,250 cfs
unless hydrology improves.

2) November monthly releases will be based on 90 percent hydrology.

3) Consider fall-run needs through January as per CVPIA AFRP guidelines, including
stabilizing flows to keep redds from dewatering.

4) Continue to curtail discretionary agricultural rice decomposition deliveries to the
extent that these do not coincide with temperature management for the species, or impact
other ESA-listed species. It is important to maintain suitable temperatures targeted to
each life stage. Depending on air and water temperatures, delivery of water for rice
decomposition may coincide with the temperature management regime for spring-run and
fall-run. This action shall be closely coordinated with NMFS, USFWS, and CFWS.

5) If operational changes are necessary to meet Delta outflow, X2, or other legal
requirements during this time, then:

CVP/SWP Delta combined exports shall be curtailed to 2,000 cfs if necessary to meet
legal requirements while maintaining a 3,250 cfs Keswick release (or other planned
release based on biological needs of species); and if it is necessary to curtail combined
exports to values more restrictive than 2000 cfs in order to meet Delta outflow, X2, or
other legal requirements, then Reclamation and DWR shall, as an overall strategy, first,
increase releases from Oroville or Folsom; and in general, Reclamation shall increase
releases from Keswick as a last resort. Based on updated monthly hydrology, this
restriction may be relaxed, with NMFS’ concurrence.

6) If the hydrology and storage have not improved by January, additional restrictions
apply.

Result: The End of Month September 2014 storage was 1.157 MAF. Reclamation was
seeking to conserve storage as directed by Action 1.2.2.C 1. Keswick releases were at
7,250 cfs at the end of August and were ramped down to 4,250 cfs at the end of
September 2014. Keswick releases were further ramped down to 4,000 cfs at the end of
November 2014. Through December 2014, Keswick releases were ramped down to 3,250
cfs and maintained at 3,250cfs through mid-April 2015.
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RPA Action 1.2.3. February Forecast Keswick Releases (March — May 15)

Action: Reclamation shall make its February 15 forecast of deliverable water based on
an estimate of precipitation and runoff within the Sacramento River basin at least as
conservative as the 90 percent probability of exceedance. Subsequent updates of water
delivery commitments must be based on monthly forecasts at least as conservative as the
90 percent probability of exceedance. NMFS shall review forecast and allocations for
consistency with temperature management and provide written evaluation to
Reclamation. Reclamation must maintain a TCP not in excess of 56°F between Balls
Ferry and Bend Bridge between April 15 and May 15.

RPA Action 1.2.3.C Drought Exception Procedures if February Forecast, Based on

90 Percent Hydrology, Shows that Clear Creek Temperature Compliance Point or

1.9 MAF EOS Storage is Not Achievable

1) On or before February 15, Reclamation shall reduce Keswick releases to 3,250 cfs,
unless NMFS concurs on an alternative release schedule. This reduction shall be
maintained until a flow schedule is developed per procedures below.

2) In coordination with NMFS, by March 1, Reclamation shall develop an initial
monthly Keswick release schedule, based on varying hydrology of 50 percent, 70
percent, and 90 percent (similar in format to the fall and winter action implementation
procedures — see table above). These schedules shall be used as guidance for monthly
updates and consultations.

3) Based on this guidance, Reclamation shall consult with NMFS monthly on Keswick
releases. Reclamation shall submit a projected forecast, including monthly average
release schedules and temperature compliance point to NMFS every month, within 7
business days of receiving the DWR runoff projections for that month. Within 3
business days of receiving this information from Reclamation, NMFS will review the
draft schedule for consistency with the criteria below and provide written
recommendations to Reclamation.

4) The initial monthly Keswick release schedule, and subsequent monthly updates, shall
be developed based on the following criteria and including the following actions:

a) Maintain minimum monthly average flows necessary to meet nondiscretionary
delivery obligations and legal requirements.

b) Provide for flow-related biological needs of spring life stages of all species covered
by this Opinion in the Sacramento River and Delta, to the greatest extent possible.

c) If operational changes are necessary to meet Delta outflow, X2, or other legal
requirements during this time, then:

e CVP/SWP Delta combined exports shall be curtailed to 2,000 cfs if necessary to
meet legal requirements while maintaining a 3,250 cfs Keswick Dam release (or
other planned release based on biological needs of species); and

e ifitis necessary to curtail combined exports to values more restrictive than 2000
cfs in order to meet Delta outflow, X2, or other legal requirements, then
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Reclamation and DWR shall, as an overall strategy, first, increase releases from
Oroville or Folsom Dam; and
¢ in general, Reclamation shall increase releases from Keswick Dam as a last
resort.
e Based on improvements in updated monthly hydrology, this restriction may be
relaxed, with NMFS’ concurrence.
5) By March 1, provide a contingency plan with a written justification that all actions
within Reclamation’s authorities and discretion are being taken to preserve cold water
at Shasta Reservoir for the protection of winter-run.

6) The contingency plan shall also, at a minimum, include the following assessments
and actions:

a) Relaxation of Wilkins Slough navigation criteria to at most 4,000 cfs.

b) An assessment of any additional technological or operational measures that
may be feasible and may increase the ability to manage the cold water pool.

c) Notification to State Water Resources Control Board that meeting the
biological needs of winter-run and the needs of resident species in the Delta,
delivery of water to nondiscretionary Sacramento Settlement Contractors, and
Delta outflow requirements per D-1641, may be in conflict in the coming
season and requesting the Board’s assistance in determining appropriate
contingency measures, and exercising their authorities to put these measures
in place.

7) If, during the temperature control season, a Clear Creek TCP on the Sacramento
River cannot be achieved, then Reclamation shall bypass power at Shasta Dam if
NMFS determines a bypass is necessary for preserving the cold water pool. This
power by-pass may be necessary to maintain temperature controls for winter-run, or
later in the temperature season, for spring-run.

Results: Beginning December 2014, Keswick releases were being ramped down to
conserve storage and were 4,000 cfs. Releases were ramped down to 3,250 cfs by the end
of December. Keswick releases were maintained at 3,250cfs through mid-April 2015. In
addition, warm water by-pass through the outlets at 758 cfs was initiated on 4/16/15.
Flows for the warm water by-pass were increased to 3,500 cfs on 4/23/15. Flows were
then decreased to 3,000 cfs on 4/25/15. Flows were further reduced to 1,500 cfs on
5/20/15. Use of the warm water by-pass stopped on 5/27/15. Total warm water bypass
volume to conserve cold water was 103 TAF.

RPA Action 1.2.4. Keswick Release Schedule (May 15 —October)

Action: Reclamation shall develop and implement an annual Temperature Management
Plan by May 15 to manage the cold water supply within Shasta Reservoir and make cold
water releases from Shasta Reservoir and Spring Creek to provide suitable temperatures
for listed species, and, when feasible, fall-run.
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Reclamation shall manage operations to achieve daily average water temperatures in the
Sacramento River between Keswick Dam and Bend Bridge as follows:

1) Not in excess of 56°F at compliance locations between Balls Ferry and Bend Bridge
from May 15 through September 30 for protection of winter-run, and not in excess of
56°F at the same compliance locations between Balls Ferry and Bend Bridge from
October 1 through October 31 for protection of mainstem spring run, whenever possible.

2) Reclamation shall operate to a final Temperature Management Plan starting May 15
and ending October 31.

3) As part of the adaptive management process, and in coordination with NMFS, by
March 2010, Reclamation shall fund an independent modeler to review these procedures
and the recommendations of the Calfed Science Panel report on temperature management
and recommend specific refinements to these procedures to achieve optimal temperature
management.

Results: In WY2015, Reclamation submitted a draft temperature management plan for
the Sacramento River in mid-April with updated information in early May under
conditions of the TUCP. With that plan, Reclamation indicated that it could not maintain
temperatures of 56° F at the Clear Creek compliance location throughout the temperature
control season due to significant reductions in cold water supplies indicated in reservoir
temperature profile readings beginning in late April and continuing through May.
Reclamation submitted a revised plan on 6/25/15. The plan called for real-time operations
that targeted 57° F at the Clear Creek compliance location without exceeding 58° F with
minimized flows. The revised plan was expected to be more protective over the
temperature control season. However, there were still concerns with maintaining
temperature control throughout the egg incubation period with the revised plan due to the
very low cold water storage levels, expected heat waves, inaccuracies of the temperature
control model that was used to help develop the revised plan and other issues that would
need to be managed very closely. There were also concerns with meeting flow and
salinity requirements in the Delta with lower flows from Shasta Reservoir because Shasta
Reservoir typically provides much of the flow needed to meet these requirements. To
compensate for these changes, the revised plan was predicated on higher releases from
Oroville and Folsom Reservoirs, reduced exports from the Delta, effective operation of
the False River drought barrier, and approval of the changes included in the TUCP.

6. Summary of Operations

The SRTTG met bi-weekly, weekly, and at times, daily, given the Water Year 2015 conditions
and to coordinate a balance of competing demands for the limited water supply in Shasta
Reservoir that was available during the ongoing drought. Initial carryover storage in Shasta
Reservoir was 1.15 MAF at the beginning of the water year, and the year was classified as a
Critically Dry year. This followed a Critically Dry year in Water Year 2014. Releases out of
Keswick Dam averaged 4,500 cfs for the month of October, down to 4,175 cfs in November and
further reduced to 3,350 cfs in December. Reclamation submitted a draft temperature
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management plan for the Sacramento River in mid-April, with updated information through the
end of June under conditions of the TUCP. The plan called for real-time operations that targeted
57° F at the Clear Creek compliance location not to exceed 58°F with minimized flows. (See
Table 1) By targeting 57°F not to exceed 58°F, where the majority of the redds were above Hwy
44, we were able to extend the use of the cold water pool. Given the low storage conditions, the
temperature model was adjusted to reflect the actual trending Keswick temperature to reflect
actual trend, as compared to WY 14 in which the Keswick temperature was 1°F lower than the
actual trend. Due to the low water surface elevation at Shasta Reservoir this year, Reclamation
was unable to utilize the upper gate operation of the TCD. On 4/16/15, Reclamation began a
warm water by-pass of 758 cfs through the outlets in order to conserve cold water. Flows for the
warm water by-pass were increased to 3,500 cfs on 4/23/15 and then decreased to 1,500 cfs on
5/20/15. Use of the warm water by-pass ended on 5/27/15.

In summary, water year 2015 has been one of the driest years in decades and it followed three
consecutive dry years throughout the state. Shasta Reservoir was projected to have end of year
storage of 1.1 MAF in the May 90% forecast. Due to such low storage in Shasta Reservoir,
Reclamation utilized Trinity River water to conserve Shasta Reservoir storage. The amount of
water brought over from Trinity River through the Spring Creek Tunnel into Keswick Reservoir
was a great benefit to the temperature operations on the Sacramento River. In all, Reclamation
achieved meeting the TCP at Clear Creek of 57°F not to exceed 58°F through October 1, 2015,
as indicated in the Temperature Management Plan, when 90% of the redds were emerging. The
estimated date for 100% redd emergence is October 20, 2015.
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Table 1. Monthly Average Temperature at the Clear Creek Temperature Compliance

Point
Month Monthly Average (degreeF)
May 55.2
June 57.3
July 57.1
August 56.9
September 56.7

7. Fisheries Monitoring Activities

7.1 Brood Year 2014 Winter-run Chinook Salmon Assessment and Monitoring

Despite the SRTTG best projection and modeling efforts to manage Sacramento River water
temperature for winter-run spawning and egg incubation in water year (WY) 2014, winter-run
brood year (BY) 2014 was considered a year class failure. One hundred percent of BY 2014
redds were exposed to temps above 56°F daily average temperature (DAT) at the Sacramento
River above Clear Creek! California Data Exchange Center monitoring station temperature
compliance point (CCR) at some time period during WY 2014 (see Figures 2 and 3). Of
significant concern were those eggs, alevin, and fry exposed to the elevated DAT above 56°F
(and as high as 62.3°F) throughout September and October when the cold water pool out of
Shasta Reservoir was depleted.

! Bonneyview Bridge [river-mile (RM) 292]
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Figure 2. 2014 Daily average temperature (DAT) at Sacramento River above Clear Creek
(CCR) and Keswick (KWK) and emergence timing throughout the temperature
management season. Emergence timing was calculated based on carcass surveys minus 10
days and 74 days (~1650 ATUs) to emergence. The red line indicates the 56°F DAT at CCR.
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Figure 3. 2014 Sacramento River Temperature Landscape Graph.” The black circles
represent spawning locations based on aerial redd surveys. The size of the circle indicates
number of redds in that location. The black lines extending from the black circles indicates
egg and alevin incubation exposure time in the gravel and the green line is representative of
fry rearing exposure time (although not in space). The blue line indicates the 57°F
isohaline and the black line indicates the 64.5°F isohaline. The blue circles represent
juveniles monitored at Red Bluff Diversion Dam. The size of the circle indicates the
number of juveniles counted at that time.

In addition mean temperatures that eggs experienced over the total length of incubation
(~13.1°C) and mean water temperatures post emergence (~16.5°C) were the highest last year in
2014 compared to the last 25 years. In addition, 2014 had the lowest stretch of rearing habitat
below 17°C post emergence (~75 km) compared to the last 25 years (see Figure 4).

2 Developed by the NMFS Southwest Fisheries Science Center (SWFSC) from their River Assessment for Forecasting
Temperatures (RAFT) model.
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Figure 4. The top figure is mean water temperature that the eggs experienced over the total length of incubation over, 1990-
2014. The middle figure is mean water temperature 60 days post emergence, 1990-2014. And the bottom figure is kilometers of
river below 17°C (suitable habitat) for 60 days post emergence.
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The warm water temperatures were a primary factor contributing to an estimated egg to fry
survival at Red Bluff Diversion Dam (RBDD) of 5.6%, the lowest egg to fry survival since the
Juvenile Production Index (JPI) began being calculated in 1996 (NMFS 2015). By comparison,
the average annual egg to fry survival for BY 1996-1999, 2002-2013° was 24.9% (see Figure 3)
(Martin et al. 2001, Poytress et al. 2014).

60.0%

50.0%

40.0%

30.0%

20.0%

10.0%

0.0%
1996 1998 2000 2002 2004 2006 2008 2010 2012 2014 2016

Figure 5. Winter-run egg to fry survival Red Bluff Diversion Dam (RBDD).

As part of the WY 2014 winter-run Chinook salmon Drought Contingency Plan, CDFW
implemented enhanced water temperature, flow, and egg survival monitoring. The goal of this
enhanced monitoring was to supplement existing California Data Exchange Center (CDEC) sites
to determine if water quality [temperature and dissolved oxygen (DO)] in areas between the
widely spaced CDEC gages was impacting survival of the winter-run egg and fry during
conditions. Fifty temperature probes were installed between RBDD [river-mile (RM) 243] and
Keswick Dam (RM 302). A majority (40) were deployed every two miles in swift-moving
current, recording temperatures in the main channel of the river. The remaining probes were
deployed inside rearing areas and in other locations of interest (slow moving areas, tributary

3 Note juvenile fish passage monitoring at RBDD did not occur in 2000 and 2001.
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mouths, deep pools, backwaters, etc.) to better understand temperature differences in the
watershed.

In addition, ten temperature and DO probes were placed adjacent to the downstream end of
marked winter-run redds. Another ten DO loggers were placed in locations of interest to
determine the DO levels in different salmonid habitat types in the upper river. These locations
included: buried older redds, in deeper water of Kutras Lake, and in deep areas of the river, in
slow moving (backwater) juvenile rearing areas, in the mouth of Battle Creek, and at the RBDD.

Temperature monitoring results of 70 loggers indicated slight variation and stratification in
temperature between in-river, backwater, and deep pools, but in general all winter-run salmon
eggs and alevins were exposed to poor water quality due to warm water temperatures. Results of
the DO logger and real-time CDEC gages indicated that DO levels in the Sacramento River
likely were not detrimental to winter-run egg and fry survival. The lowest weekly average DO
level was 6.9 mg/l measured at KWK. Most DO loggers around the actual winter-run redds
measured well above 8 mg/l and DO levels at CCR were as high as 12.8 mg/l. Not surprisingly
DO levels on-gravel were measured to be greater than DO levels in gravel. For further
information see Killam and Thompson (2015).

The fish agencies had numerous discussions and suggestions to Reclamation regarding various
Keswick release schedules in order to minimize redd dewatering. CDFW continued to monitor
for winter-run redd dewatering and juvenile stranding. Fifty eight total redds were marked in the
upper 10 miles of the Sacramento River. Of those, 32 were monitored based on their location
and depth in the water. Nine redds were in water 3” or less. In order to prevent these redds from
dewatering, CDFW staff removed several inches of gravel from the top of the redds’ tail spill.
The result was an in increase in water depth and velocity over the modified redds, with the intent
of increasing egg and alevin survival. CDFW crew also observed for any emerging fry in their
monitoring efforts. Results of 2014-2015 redd dewatering and juvenile stranding in the upper
Sacramento River report has not yet been completed.

7.2 Brood Year 2015 Winter-run Chinook Salmon Assessment and Monitoring
through August 31

Through their aerial redd surveys, CDFW observed a total 196 winter-run Chinook salmon
redds. All of them were located upstream of CCR (RM 292).
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Table 2. 2015 Winter-Run aerial Redd counts by river area

%
. . 2015 Average
Flight Sections Redds Percent (2003-
2014)
Keswick to A.C.I1.D. Dam (RM 302 to 298) 74 37.8% 45.0%
A.C.I1.D. Dam to Highway 44 Bridge (RM 0 0
296) 120 61.2% 42.1%
Highway 44 Br. to Airport Rd. Br. (RM 284) 2* 1.0% 12.2%
Airport Rd. Br. to Balls Ferry Br. (RM 275) 0 0.0% 0.3%
Balls Ferry Br. to Battle Creek (RM 271) 0 0.0% 0.1%
Battle Creek to Jellys Ferry Br. (RM 266) 0 0.0% 0.1%
Jellys Ferry Br. to Bend Bridge (RM 257) 0 0.0% 0.1%
Bend Bridge to Red Bluff Diversion Dam (RM 0.0% 0.0%
242) 0
Red Bluff Diversion Dam to Tehama Br. (RM 0.0% 01%
229) 0
Total 196 100.0% 100%

In addition CDFW counted a total of 1191 winter-run Chinook salmon carcasses.

* These two redds were located just downstream of the Hwy 44 Bridge close to rm 296.
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Table 3. 2015 Winter-Run Carcass counts by river area
%
Section Carcasses P:rcz:le?l i '02\2/35298
2014)
Keswick Dam to ACID Dam (RM 302 to 298) 593 49.8% 35.4%
ACID Dam to Hwy 44 Brg (RM 296) 349 29.3% 39.6%
Hwy 44 Brg down to Clear Crk Powerlines (RM
288) 205 17.2% 21.8%
Clear Crk Pwrl to Balls Ferry Brg (RM 276) 44 3.7% 3.2%
Total 1191 100.0% 100.0%

This years’ winter-run carcass numbers were below the 12-year (2003-2014) average of 3038.
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Figure 6. Winter-run carcass counts by Year
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For the third year in a row, spawning occurred later than average throughout the season
compared to 2003-2012, however it was not as late as when spawning occurred in 2013 and

2014.
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Figure 7. Winter-run spawn timing comparing different years. Spawn time based on
carcass surveys minus 10 days.

So far this season the cold water pool in Shasta Reservoir has not been depleted. Daily average
water temperatures at CCR have been targeting 57°F, not to exceed 58°F. From Figures 7 and 8,
you can see CCR regularly exceeded 57°F and there were six days in which CCR exceeded 58°F.
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Figure 8. 2015 DAT at CCR, Sacramento River upstream of Hwy 44 Bridge at RM 297
(SAC), KWK and winter-run emergence timing throughout the temperature management
season. Emergence timing was calculated based on carcass surveys minus 10 days and 74
days (~1650 ATUs) to emergence. The red line indicates the 56°F DAT at CCR.

27



2015
e %
|
€]

1

o 8
& i = ”
|

- TR-
A H i |

: i
W
) ]\/\/ |

Figure 9. 2015 Sacramento River Temperature Landscape Graph. The black circles
represent spawning locations based on aerial redd surveys. The size of the circle indicates
number of redds in that location. The black lines extending from the black circles
represents egg and alevin incubation exposure time in the gravel. The black isohaline
indicates the 57°F.
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Sacramento River winter-run flow management for dewatering and stranding were not much of
an issue as compared with previous years as Keswick flows were much lower and stable this
year. However, monitoring continued as Reclamation reduced flows from Keswick to maximize
storage for the next water year.
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Introduction

This document was developed pursuant to the February 3, 2015 Order by the Executive
Director of the State Water Resources Control Board (SWRCB) responding to the temporary,
urgency change petition filed by the California Department of Water Resources (DWR) and the
Bureau of Reclamation. Specifically, section 6.a of the Order directed Reclamation to perform
hindcast temperature modeling of the water year 2014 temperature control season to verify
the accuracy and validity of Reclamation’s temperature model.

Temperature management on the Sacramento River was challenging in 2014 given the low
reservoir levels, less than average runoff, and limited cold water pool. Management efforts
were further complicated in August 2014 when the temperature profile in Shasta Lake
developed a very steep thermal gradient at an elevation near the lowest level outlets.

Although the temperature model results consistently suggested that river temperatures could
be maintained near 56 degrees into September, Reclamation cautioned that this result was
highly dependent on successful use of the side gate on the Shasta Temperature Control Device
(TCD) to access the remaining cold water in Shasta Lake. The actual performance of the TCD at
this point in the season resulted in elevated water temperatures prior to the end of the egg
incubation life stage. As a result, the 2014 wild winter-run brood year experienced high levels of
mortality.

To help assess the model accuracy and improve decision making at various steps through the
temperature season, the model inputs were adjusted to reflect observed water year 2014
conditions, including lake temperatures profiles, reservoir inflows, inter-basin transfers, and
temperature control device operations. The results help identify the source of any significant
discrepancies between modeled and observed temperatures, and hopefully serve to help
inform improved planning efforts for 2015 and beyond.

Background

Water Temperature Operations in the Upper Sacramento River

Management of water temperature in the upper Sacramento River is governed by current
water right permit requirements and biological opinion requirements. Water temperature on
the Sacramento River system is influenced by several factors, including the relative water
temperatures and ratios of releases from Shasta Dam and from the Spring Creek Powerplant
into Keswick Reservoir. The temperature of water released from Shasta Dam and the Spring
Creek Powerplant is a function of the reservoir temperature profiles at the discharge points at



Shasta and Whiskeytown, the depths from which releases are made, the seasonal management
of the deep cold water reserves, ambient seasonal air temperatures and other climatic
conditions, tributary accretions and water temperatures, and residence time in Keswick,
Whiskeytown and Lewiston Reservoirs, and in the Sacramento River.

SWRCB Water Rights Order 90-05 and Water Rights Order 91-01

In 1990 and 1991, the SWRCB issued Water Rights Orders 90-05 and 91-01 modifying
Reclamation’s water rights for the Sacramento River. The orders stated Reclamation shall
operate Keswick and Shasta Dams and the Spring Creek Powerplant to meet a daily average
water temperature of 56°F as far downstream in the Sacramento River as practicable during
periods when higher temperature would be harmful to fisheries.

Under the orders, the water temperature compliance point may be modified on a seasonal
basis. In addition, Order 90-05 modified the minimum flow requirements initially established in
1960 for the Sacramento River below Keswick Dam. The water right orders also recommended
the construction of a Shasta Temperature Control Device (TCD) to improve the management of
the limited cold water resources.

Pursuant to Orders 90-05 and 91-01, Reclamation configured and implemented the
Sacramento-Trinity Water Quality Monitoring Network to monitor temperature and other
parameters at key locations in the Sacramento and Trinity Rivers. The SWRCB orders also
required Reclamation to establish the Sacramento River Temperature Task Group (SRTTG) to
formulate, monitor, and coordinate temperature control plans for the upper Sacramento and
Trinity Rivers.

Each year, with finite cold water resources and competing demands usually an issue, the SRTTG
will devise operation plans with the flexibility to provide the best protection consistent with the
CVP’s temperature control capabilities and considering the annual needs and seasonal
spawning distribution monitoring information for winter-run and fall-run Chinook salmon. In
every year since the SWRCB issued the orders, these plans have included a unique compliance
point to make best use of the available cold water resources based on the location of spawning
Chinook salmon. Reports are submitted periodically to the SWRCB over the temperature
control season defining the temperature operation plans.

Computer modeling and a thorough discussion of analytical results are critical components of
managing the cold water resources of Shasta Lake and developing the annual water
temperature goals for the upper Sacramento River to protect winter-run Chinook salmon. The



SRTTG has used temperature modeling and a multi-disciplinary evaluation of results to
coordinate seasonal water temperature strategies for over 20 years.

Shasta Temperature Control Device

Construction of the Temperature Control Device (TCD) at Shasta Dam was completed in 1997.
This device is designed to provide for greater flexibility in managing the cold water reserves in
Shasta Lake while enabling hydroelectric power generation to occur and to improve salmon
habitat conditions in the upper Sacramento River. The TCD is also designed to enable selective
release of water from varying lake levels through the power plant in order to manage and
maintain adequate water temperatures in the Sacramento River downstream of Keswick Dam.

Low Level Intake
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SHASTA DAM

TEMPERATURE CONTROL DEVICE

BUREAU OF RECLAMATION
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Prior to construction of the Shasta TCD, Reclamation released water from Shasta Dam’s river
outlets to alleviate high water temperatures during critical periods of the spawning and
incubation life stages of the winter-run Chinook stock. Releases through the low-level outlets
bypass the power plant and result in a loss of hydroelectric generation at the Shasta
Powerplant. The release of water through the low-level river outlets was a major facet of
Reclamation’s efforts to control upper Sacramento River temperatures from 1987 through
1996.

The seasonal operation of the TCD is generally as follows: during mid-winter and early spring
the highest elevation gates possible are utilized to draw from the upper portions of the lake to
conserve deeper colder resources. During late spring and summer, the operators begin the
seasonal progression of opening deeper gates as Shasta Lake elevation decreases and cold
water resources are utilized. In late summer and fall, the TCD side gates are opened to utilize
the remaining cold water resource below the Shasta Powerplant elevation in Shasta Lake.

The seasonal progression of the Shasta TCD operation is designed to maximize the conservation
of cold water resources deep in Shasta Lake, until the time the resource is of greatest
management value to fishery management purposes.

The Sacramento River Temperature Task Group (SRTTG)

The SRTTG is a multiagency group formed pursuant to Water Rights Orders 90-5 and 91-1, to
assist with improving temperature conditions in the Sacramento River. Annually, Reclamation
develops temperature operation plans for the Shasta and Trinity systems. These plans consider
impacts on winter-run and other races of Chinook salmon, and associated project operations.
The SRTTG meets initially in the spring to discuss biological, hydrologic, and operational
information, objectives, and alternative operations plans for temperature control. Once the
SRTTG has recommended an operation plan for temperature control, Reclamation then submits
a report to the SWRCB, generally on or before June 1st each year. After implementation of the
operation plan, the SRTTG may perform additional studies and commonly holds meetings as
needed through the summer and into fall to develop any needed revisions based on updated
biological data, reservoir temperature profiles and operations data. Updated plans may be
needed for summer operations to protect winter-run, or in fall for fall-run spawning season.

Generic Cold Water Pool Management

Summer water temperature stratification in large reservoirs is common throughout the western
United States, and efficient management of the cold water resource is critical in protecting
species like winter-run Chinook salmon.



Figure 1 represents a generic large reservoir system with specific infrastructure to help manage
seasonal cold water resources. Large reservoir systems with river temperature goals generally
have a structural device that allows for selective elevation withdrawal as the lake stratifies.
These devices are typically in the form of gate structures or shutters that allow better manage
of the limited cold water resource. By changing the elevation of water withdrawal through the
season, reservoir operators can target a downstream water temperature goal over a period of
time that corresponds to the life stages of various fisheries.

0, 12 3 (4) 5) () (7) (8) (9) (10)

Target Fish Total ~ Water Selective | Tail Bay Water  Metecrological | Regulating Tributary . River Flow Menitoring
Species . Reserveir T it ithd 1] Temperaty i C. Reservoir Inflow and . Heat gain and Synthesis
Life-Stage | Storage Profite | | ] . major | Relationship |

diversions

In a system with a selective withdrawal device such as the Shasta TCD, three key water
temperature goals are analyzed simultaneously;

1) The seasonal utilization of a finite cold water resources available in reservoir storage,

2) The ability to blend the ever changing cold water pool through selective withdrawal and
powerplant operations to provide a desired target temperature immediately
downstream,

3) Consideration of the flows needed to provide the desired water river temperatures to a
geographical compliance location in the riverine environment.

As we have seen in 2014, it is critical that the temperature manage strategy be sustainable
throughout the targeted life stage to be successful. The process utilizes modeling results, a
thorough understanding of physical infrastructure, and other system-wide operational



constraints to formulate a sound seasonal plan and to make adjustments to that plan as the
year progresses.

The goal of the resource team is to make the fullest use of cold water resource without running
out of that resource before the critical life-stage has been achieved. When that cold water
resource is limited, or uncertainty is high, difficult choices can become necessary to help extend
the availability of the resource through the entire period of concern. These could include
delaying the start of the management action, changing a compliance point, or targeting a
slightly higher river temperature.

Systematic cold water utilization models such as depicted in Figure 1, are useful for annual or
seasonal strategic planning and coordination by task group members. Models can provide
estimates of overall cold water resource availability, selective withdrawal blending (TCD)
performance, and ultimate river water temperature estimates, and strategic compliance point
locations.

Reclamation’s HEC-5Q model for our CVP Sacramento River system is such a cold water
utilization and strategic planning model. The model is designed to provide seasonal
information and analysis of available cold water, projected Shasta TCD blending, and estimated
river temperatures. Each of these management components are used to produce an overall
estimate of the system capabilities to sustain a river water temperature goal over a seasonal
timeframe.

These temperature models have numerous input and output requirements needed to represent
the complex thermodynamic processes and inherent natural variability that can significantly
influence water temperatures over a seasonal period. (See Figure 1 boxes.)

The items in boxes 2 through 9 can all have significant natural variability during the spring and
summer months and therefore can only be “forecasted” from information datasets. These data
are updated with each model update. Box 4 — Selective withdrawal strategies — is the
operational forecast “variable” that is adjusted through the season to account for the then-
current information sets (new lake temperature profiles, release schedules, TCD performance,
river water temperature objective).

Model output is typically presented in a seasonal timeline depicting temperatures at various
locations in the system. These charts also display the progress of TCD operations to help assess
the pace and utilization of the cold water resources. These charts are used to help
communicate and share temperature information in the SRTTG and are useful to assess overall
system cold water management (reservoir stratification, TCD operation, and river
temperatures). It is through this exchange of information that adjustments can be effectively
discussed, evaluated and implemented.



Natural variability and operational challenges occur most every year. The periodic analysis as
updated information comes available is intended to inform the SRTTG of the strategic
implications and risks associated with various fishery management options. As useful as the
modeling information can be, not all the variability and uncertainty of TCD performance can be
predicted by a computer model. There will always be an element of real-time operational
adjustment needed to react to unforeseen conditions.

Review of 2014 Temperature Modeling Efforts

Hindcast of 2014 Shasta TCD performance

Reclamation has conducted a “hindcast” modeling analysis of 2014 Shasta temperature
management using Reclamation’s HEC-5Q model. This the same model used to help develop
the annual temperature plan and to produce periodic information sets for the SRTTG.

The hindcast modeling effort uses observed 2014 datasets where possible to assess the
forecasted 2014 cold water management outcomes as produced by Reclamation’s model. In
this sense, the analysis described below is informative and can generate valuable “lessons
learned” and strategic planning insights for future consideration in years similar to drought
years like 2014.

In the time allowed, Reclamation was not able to assemble all the actual 2014 meteorological
data in the format needed to run the model, but Reclamation was able to develop most of the
necessary hindcast information required to recreate a reasonable representation of the 2014
temperature management season. Though slightly limited in scope, this assessment does shed
some light on the challenges of cold water management with selective withdrawal capabilities
in conditions like 2014.

In 2014, the temperature compliance location was set at the near Clear Creek gage on the
Upper Sacramento River. This location was selected early in the year based, in part, on low
storage levels in Shasta Lake and, in part, on the modeling data produced in May of 2014.

For this hindcast effort, Reclamation has used as a base the initial modeling information set
from the May 2014 “forecast” and re-run the HEC-5Q model with key datasets adjusted to
observed 2014 information. We have used these data to assess the model output related to
TCD performance, projection of Shasta Lake stratification, and river temperature projections.



Hindcast Version #1 — Hindcast of TCD performance adjustment only

For the first hindcast analysis, Reclamation reran the May 2014 model to reproduce the actual
weighted TCD temperatures that occurred in 2014. This is the only model parameter changed,
forcing the target tailbay temperatures to track with actual records. By changing the target
tailbay temperature to actual records, the model will produce new results for river
temperatures at the Clear Creek location.
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Figure 2

Figure 2 illustrates the difference in timing of actual the TCD performance versus the projection
of the May 2014 planning analysis presented to the SRTTG. In general, this chart illustrates that
the actual TCD performance at the tailbay was slightly warmer in the June timeframe than
modeled estimation (representing a general conservation of cold water), while still producing
the same general timeline of modeled TCD operations actions until late August. In late August,
the sharp increase in modeled tailbay temperatures coincides with the actual timing when the
TCD side gates could not adequately draw cold water and produce results as compared to the
original May 2014 TCD side gate projections.

The original May 2014 model run (black line) had projected the start of TCD side gate
operations occurring around the September 7, while the actual TCD operations began in late
August. This is a difference of approximately 10 days earlier than forecasted. In addition, the



actual TCD side gate operations were significantly warmer than the original May 2014
projections.

General Conclusion #1: The model represented well the pre-side gate performance progression
of the TCD, but did a poor job of characterizing the TCD performance once the TCD side gate

operation went into real-time effect.
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Figure 3 illustrates the modeled river performance in routing the actual tailbay water
temperatures downstream to the Clear Creek compliance location. This plot illustrates a strong
modeling match through August until there is some minor timing mismatch of actual Clear
Creek temperatures in early September when compared to the modeled Clear Creek
temperatures. This mismatch appears to coincide with the onset of TCD side gate operations at
Shasta Dam.

General Conclusion #2: The estimates of Sacramento River temperature from the tailbay
downstream to Clear Creek appear to correlate well if the TCD side gate timing and

performance are well identified.
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Figure 4

Figure 4 compares the May 2014 model projection of lake temperature profile in late August
2014 (the black line) versus the actual profile on that date (the blue line). Again this plot
illustrates a good modeling match to the actual measured data.

General Conclusion #3: The HEC-Q5 model appears to estimate the lake stratification and

Shasta Lake temperature profiles fairly well, even several months in advance.

Figure 5 below compares the original May 2014 modeling input for Keswick flows and actual
Keswick releases. In general there is good conformance of the May 2014 Keswick forecasted
monthly average flows to the actual Keswick releases through the late August timeframe. The
chart does illustrate a fairly significant flow difference in September 2014, with actual flow
having a slower ramp down rate than assumed in the original May 2014 study. In September of
2014, stranding was a concern for emerging winter-run fry and river monitoring and
assessment was conducted to help guide flow release decisions during this period.
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General Conclusion #4: A review of the actual Keswick releases versus the estimated monthly
flows from the May 2014 forecast do indicate some short-term differences, but this variation in

flow does not explain difference in TCD side gate performance.

Hindcast Version #2 — Introduction of actual flows and releases at Shasta, Spring Creek
Powerplant, and Keswick.

As the next step in the analysis, Reclamation introduced the 2014 observed flow records for
Shasta, Spring Creek Powerplant, and Keswick to the May 2014 model run. For this simulation,
the actual TCD weighted averages were slightly smoothed to bi-monthly values to provide the
model an added degree of freedom to make TCD adjustments while keeping the thermal
loading properties observed in 2014. Figure 6 illustrates the results of this step in the analysis.
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This simulation step shows very similar TCD operations as the actual record. Significant TCD
gates elevation changes occur on roughly the same dates, late June, mid-July, and late August.
The observed Sacramento River water temperature (at Clear Creek) and modeled temperatures
show very good conformance until late September once adjusted for actual TCD side gate
performance. Some deviation occurs in October and November, likely due to warmer than
average air temperatures, more than modeling discrepancy.

General Conclusion #5: The HEC-5Q model appears to simulate well the anticipated timing of
the TCD gate operations. If the TCD side gate had performed as expected, the forecasted river
temperatures and overall seasonal strategic temperature plan would have likely been realized.

Seasonal Forecast Updates presented to SRTTG

Reclamation’s model is updated monthly through the temperature management season. New
water temperature profiles for Shasta Lake and Trinity Lake are incorporated into the model as
they come available to ensure the best estimate of the available remaining cold water. Thisis a
quasi-self-calibration which allows for strategic discussion by the SRTTG and adjustments to the
seasonal management plan, as necessary. In 2014, all updates of the HEC-5Q model gave the
same general conclusion, to expect TCD Side Gate operation in early September. The table
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below summarizes dates of the SRTTG meetings and the estimated timing of side gate
operations associated with the modeling available at that time. At each meeting, Reclamation
expressed uncertainty about how well the TCD side gate might perform under the developing

conditions.

2014 SRTTG Meetings & Estimated TCD side gate Start Dates

SRTTG meeting

Projected TCD Side Gate Timing

May 22 Early September
June 26 September 1
July 24 September 1
August 26 Concurrent

Summary of 2014 TCD Performance

2014 Early Season TCD Operations

In the late spring and early summer of 2014, the TCD appears to have performed as designed

given the steep temperature gradient of the Shasta Lake profiles. Figure 7 below shows the

water temperature profile for Shasta Lake relative to TCD gate elevations on June 18 2014.
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The chart illustrates the operational challenges inherent in TCD operations under these
conditions. In order to conserve the coldest water near the bottom of the lake, while
concurrently managing Sacramento River water temperatures at the Clear Creek gage location,
Reclamation had to maintain a Shasta tailbay temperature between 53 to 54 degrees. Figure 7
shows that the 53 to 54 degree water in Shasta Lake was contained in a rather narrow elevation
band within the lake at that time.

Operating the TCD to blend water from such a narrow band represented a real-time challenge
for Reclamation operators — especially given that these high gradient temperature zones are
the least stable from day to day as Shasta Lake conditions change. The good news is that in
future years similar to 2014, indications are that the TCD can efficiently be managed in this high
gradient zone prior to the TCD side gate operations provided a high level of attention is given to
the potential of daily temperature fluctuations.

2014 Challenges with TCD Side Gate Operations

The TCD side gates are designed to draw water up from deep in Shasta Lake near the original
river bottom and force that water up to the penstock elevations. In order to accomplish this,
the TCD side gate are opened and the PRG gates are progressively closed in create the draw
necessary to bring the colder, denser water from the bottom of lake up to penstock inlet
elevation. The side gate operation of the TCD has been used in almost all years to effectively
access and blend the last remaining cold water pool in late summer and fall.

Lake Shasta Temperature Profile - 8/26/14
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The Shasta Lake profile of August 26, 2014 (Figure 8 — Black Line) shows the cold water pool
conditions at the time that Reclamation was transitioning to the TCD side gate operations. The
profile indicates that 47 to 48 degree water was available near the invert of the side gate. The
profile also shows that 56 to 60 degree water was located near the invert of the PRG gates,
which is also the elevation of the penstock tubes that feed the Shasta Powerplant. The profile
also shows that immediately above the penstock elevations and towards the middle gate level
the lake water warmed substantially from 64 degrees to 70 degrees.

The Shasta Lake profile of late summer in 2014, as confirmed by the August 26 profile, presents
a lake condition where very warm, less dense water was positioned immediately above the
penstock elevations and cold, dense water had settled at the invert of the TCD side gates. We
had no previous experience with the side gate under this degree of water temperature
difference and density gradients.

Although previous experience with the TCD side gate suggested that much of this deep colder
water could be blended as it has in past years, there were some concerns that the density
difference in the Shasta Lake water column could be too great for the TCD side gate to
effectively draw colder water up to the penstock level, and that the less dense water above the
penstock elevations would begin to leak through and feed the penstock elevation despite the
settings of gates at TCD. It is clear from the experience of 2014 that the TCD side gate
operations did not perform to design or modeling expectation. The exact dynamic leading to
the failure of the TCD side gate to draw properly is unknown, but should be investigated
further.

Once it became clear that the TCD side gate was not drawing properly, Reclamation conducted
ad hoc operations using the 750 ft elevation river outlet in an attempt to access some of the
remaining cold water. Eventually, the full profile of Shasta Lake became too warm to fully
control the water temperatures feeding the Sacramento River.
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Lake Shasta Isothermobaths - 2014
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Figure 9

Figure 9 illustrates the full season cold water usage in Shasta Lake for 2014. Reclamation
generally targeted the 52 to 54 degree thermal layer with TCD blending most of the summer to
manage to the 56 degree objective at the river compliance point. This chart illustrates a rather
normal progression of this thermal layer through the middle gates and PRG gates of the TCD as
the temperature season progressed. In late August, when the TCD side gate operations begin,
the chart shows a fairly rapid dipping of the upper warm layers, indicating the source of water
entering Shasta Powerplant is from the warmer pool levels. During mid-September and into
October, the reduction in the 52 to 54 degree layer indicates the ad hoc use of the 750 ft. outlet
and the eventual exhaustion of the cold water to that level.

Summary of Findings

e During prolonged drought conditions, there will certainly be years when Shasta Lake will
not fill enough to allow for full use of the Shasta TCD Upper Gates for blending
purposes. Inthese years when only the middle gates and below are available to
manage the cold water pool, annual water temperature planning will be extremely
challenging.
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In more extreme conditions similar to 2014, the TCD side gates operations will likely
need to be strategized to occur later in September to avoid outcomes similar to 2014.
This may necessitate incrementally warmer river temperature objectives earlier in the
temperature control season and/or delayed TCD operations to conserve cold water.
The current HEC-5Q model seems to have been adequate in representing lake
stratification, in-river temperature gains, and TCD performance prior to use of the TCD
side gate, but did a poor job of characterizing the TCD performance once the TCD side
gate operation went into real-time effect.
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