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Shasta Dam and Lake
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Fisheries issues

= ® Shasta Dam and Lake

. — Constructed in 1945
— Prevented migration of Chinook salmon

— Winter-run chinook listed as endangered in
1989
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Altered reservoir operatiQns
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Temperature control device
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Interdisciplinary modeling at
Shasta Lake

- TCD operation

ncreases hydropower
mproves downstream habitat

n-reservoir effects???
/b
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Interdisciplinary modeling at
Shasta Lake

Specific modeling objective: Investigate the
effect of TCD operations on growth of sport fish

Hydraulics

Hydrodynamics through reservoir and TCD
Water resources and hydrology

TCD operation under different hydrologic conditions
Environmental science

Water quality dynamics

Ecology

Ecosystem dynamics
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Interdisciplinary modeling at
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CE-QUAL-W2 model
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CE-QUAL-W?2

4 branches
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CE-QUAL-W2 Scenarios

« ¢ Hydrologic:
. — Wet

— Dry

— Actual

“’E 4.E+09
£ 3.E+09
=)

g 2 .E+09

100 200

Julian day

DSP Jan 2014




Outline Background Previous work Current work Future work

CE-QUAL-W2 Scenarios
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Bioenergetics model
INPUTS = OUTPUTS

Activity Specific dynamic
action
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Shasta bioenergetics results

100'g rainbow trout
Segment 19 (Main Lake)
1968 calendar year

200
Julian Day

Scope for growth diffs = [(with-TCD) — (without-TCD)]
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Food web-energy transfer model

Stable isotope analysis
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Stable isotope analysis in food
web studies

“You are what you eat”
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Food web construction

“ o Stable isotope sampling
— July 1998
— Over 300 individual samples

— 4 reservoir locations
— 18 species of fish

e Stable isotope analysis
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Estimating Shasta food web
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Food web model setup

= f_—_;:’ Numbers are fractions of diet

e

Estimate isotope values

Objective Function:
Minimize sum of
squared errors of

isotope values
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Change in weight due to TCD

Determined from
food web-energy
transfer model

e
ABiomass, @ﬁ

Determined from
CE-QUAL-W?2
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Change in weight due to TCD

chinopk
brown

big bass

med bass
little bass

bluegill -
e

zooplanktpn

-2.E+08 0.E+00 2.E+08 4.E+08 6.E+08 8.E+08

wet weight change (g)

DSP Jan 2014




Outline Background Previous work Current work Future work

Conclusions regarding effects of
TCD operation

, ® Hydraulics, water resources, and hydrology

— Simulated TCD operations, flow through reservoir, and hydrodynamics
for different hydrologic scenarios

e Environmental science

— Thermal effects negligible
— Simulated water quality dynamics

e Ecology

— Increased net production in wet years
Decreased net production in dry years
Thermal effects on fish are negligible

' ff
Rainbow trout not affected Bartholow et al. (2001)

Bass species most affected Hanna et al. (1999)
Saito et al. (2001)
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Meeting temperature targets
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Current work

-~ Forecasting reservoir operations to mitigate
= climate impacts on fish sustainability below
WIENERELG

Award Number NA120OAR4310093
NOAA-Sector Applications and Research Program
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Project objectives

Examine impacts of climate variability on
meeting downstream temperature targets for
Chinook salmon

Assess effectiveness of different operations
regimes in meeting downstream temperature
targets under historic and projected climate
conditions

Objectives centered around using CE-QUAL-
W?2 to simulate reservoir operations
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Methodology

Task 1: Develop stochastic Shasta Lake inflow scenarios
Task 2: Develop stochastic weather scenarios
Task 3: Implement workshops with reservoir managers

Task 4: Develop and simulate historic and future climate
scenarios using CE-QUAL-W2 model

Task 5: Assess outflow temperatures regarding meeting
downstream temperature targets

e Task 6: Disseminate project results
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Modeling methodology

Stochastic Daily
Inflow

Generation \

Stochastic Sub- Outflow
Daily Weather ———— —>  Temperature
Generation Assessment

Operational /

Considerations
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CE-QUAL-W2 model inputs

-« * Inputs
- — Day 1 water surface elevation
- — Daily inflow quantities

— Daily inflow temperatures

— Sub-daily meteorology
e Air temperature
e Dewpoint temperature
e Wind speed
e Wind direction
e Cloud cover
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Stochastic input generation

Streamflow
Generator

Cumulative
Annual Inflow
Selection

Temporal Weather Weather
Disaggregation Generator Input

Stream Stream
Temperature Temperature
Generator Input

Spatial
Disaggregation

Streamflow Adapted from Nowak et al. (2010)
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Flow scenarios

4 ®* Wet year
» — 99% flow from stochastic ensembles
~ o Dryyear

— 1% flow from stochastic ensembles

Drought
— 3 successive dry years

Wet year with dry fall
Wet year with warm fall
Climate change trends from CCCC (2012)
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Operations regimes

; o Outflow quantities
— Guided by storage for selected starting inflow year

— Adjustments made to comply with
e Minimum flow 3250 cfs (Sep 1 to Feb 29)
e Ramping limits from OCAP 2-38

" Outflow distributions

— Regimes:
e All out the lowest outlet
e All out the highest allowable outlet
e Generalized operations from Hanna et al. (1999)

e Pseudo-optimized distributions to match

temperature targets
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Evaluation of output
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Preliminary results
Combined stochastic flows

Historic mean Historic skewness

--------- MO0 0O O ADO® O
@ oo mmmo o o

Skewness Coefficient

i
1 |
:\\ii i I I.:.C:,.
¢ 8 7 &= : T

__——"'—\

-

T T T T T T T T T T T T T T T T
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Combined streamflow
DSP Jan 2014



Outline Background Previous work Current work Future work

Preliminary results
Extreme stochastic flows

99% combined flow 1% combined flow
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Preliminary results
Stochastic air and water

temperatures

Shasta Lake air temperature
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Preliminary results
Degree days over target

pspJan 2014 Note: Preliminary results. Values will be corrected.
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Preliminary results
Cold pool volume on Nov. 1

pspJan 2014 Note: Preliminary results. Values will be corrected.
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Preliminary results
Tradeoff plots
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Next steps

, * Complete simulations
— ‘optimized’ flows
— Additional flow scenarios
e Drought
e Wet year with dry fall

e Wet year with warm fall
e Climate change

e \Workshop with reservoir managers in May
2014

e Development of additional scenarios
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Future work

__ ¢ Juvenile fish passage at Shasta Lake
= — USBR funding

— Modeling temperature curtains with CE-QUAL-
W?2

. Proposal to NSF

— Translating climate variability to aquatic
ecosystem

— Linked stochastic modeling with CE-QUAL-W2
and bioenergetics
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