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Hydropower flexibility

e Decarbonize power sector; increase
renewable confribution to energy
portfolio

« Variable solar and wind energy
potentially supported by dispatchable
hydroelectric power production (HPP)

» Flexible hydropower operation...

- meets short-term grid demands

- creates unpredictable flow regimes with
high sub-daily flow variability (SDFV)
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Sub-daily flow variability (SDFV)

e Decarbonize power sector; increase
renewable confribution to energy
portfolio

« Variable solar and wind energy
potentially supported by dispatchable
hydroelectric power production (HPP)

» Flexible hydropower operation...

- meets short-term grid demands

- creates unpredictable flow regimes with
high sub-daily flow variability (SDFV)
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Sub-daily flow variability (SDFV)

Decarbonize power sector; increase
renewable confribution to energy
portfolio

Variable solar and wind energy
potentially supported by dispatchable
hydroelectric power production (HPP)

Flexible hydropower operation...
- meets short-term grid demands
- creates unpredictable flow regimes with
high sub-daily flow variability (SDFV)

Understand how flow decisions impact
power system and environmentadl
outcomes
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Systematic review

Articles from published review databases Articles from online datahases
© N =308 N = 369
What are the ecological effects of sub- -
daily flow variability on riverine fish? e |
. . . . L.Iniilui ::;t;cles : Dupiic;t:sl ;ezm oved :
 [terative search, filter, & review of articles Vo e .
from seven sources B N o ____________
Articles aftertitle & | Excluded attitle and :
oo . . . abstract screenin ) abstract
 |[dentified 350 unique articles for review, c Noiss L N=306 __ _
prioritized by keyword frequency 7
Cited & expert shared
« Reviewed 109 relevant articles for i g
synthesis in manuscript b
Articles advanced to full- I Excluded atfull-text |
text screening : M =58 |
N =350 1 Excluded on: 10 I
) peeinzs
Full-text articles included I ) f:,:::;";[[:zg :
inreview ! - Unavailable[n=4)
z N =109 | fenennes
S ——— e S Bl |
%: Articl ”the:i; Ei: dw d E:I Articles w:l:h:lig keywords :
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Summary stafistics

- >85% articles published since 2010
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Summary stafistics

>85% arficles published since 2010 )

Most work done in CA, US, CH, NO, AT
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Summary stafistics

>85% articles published since 2010
Most work done in CA, US, CH, NO, AT

« Salmonids dominate research focus;

Cyprinidae, Leuciscidae, communities
next most-studied
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Summary stafistics

- >85% articles published since 2010
«  Most work done in CA, US, CH, NO, AT

« Salmonids dominate research focus;

Cyprinidae, Leuciscidae, communities
next most-studied

- Classified articles intfo 10 ecological

outcome categories and 3 methods of
scientific inquiry
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Outcome

Stranding risk

Habitat suitability 1

Movement {

Reproduction {

Production 1

Condition 1

Biotic index 1

Physiology 1

Mortality 1

Behavior 1
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Scientific category . Experimental study - Field study D Model simulation




Qutcomes in space and fime

@ Schmutz et al. 2015
@ Bond & Jones 2015

1 ‘Judes et al. 2021
U PhYSlOlogy % @ Cesoniene et al. 2021
*c; . O Bond et al. 2016
(%) @ White & Wade 1980 Q Hedger et al. 2018
@ Klimley et al. 2007
. O Smokorowski et al. 2011 OcKelly et al. 2017a
—(C) . Je|OV|CO et Cll. 202] O Enders e‘l’ GI 20] 7
O
) @ Anfonetti ot ol 202 @ Rocaspana et al. 2019 ) -~
o O Hajiesmaeili et al. 2022
@ Juarez et al. 2019 @ Tuhtan et al. 2012
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— @ Glowa et al. 2022 @ Plate & Smith 2016
S @ Barton et al. 2022
O
g @ Vollset et al. 2016
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O Watz et al. 2020
o) O Taylor et al. 2014a
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Chronic

Qutcomes in space and fime

1. Physiology c Biotic index
- O Production
2. Behavior S
< Movement
5
& Habitat suitability
6. Reproduction
/. Production 2
. . - 8 Reproduction
8. Habitat suitability T
9. Movement
C e © B C
10. Biofic index 5 Behavior
8 O Physiology
[} O
O &
Acute I
Minutes Hours Days Seasons Years
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Chronic

Qutcomes in space and fime

1. Physiology c Biofic index
: o Production
2. Behavior ES
3. Condition
4. Mortality s Movemen' Mortality
O
6. Reproduction
— O
/. Production 9
. . - % Reproduction
8. Habitat suitability T 4
9. Movement
— 5 .
10. Biotic index 5 Behavior
8 Physiology
O
O
Acute ‘
Minutes Hours Days Seasons Years
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Stranding risk (N =21)

« Juvenile fish are at risk of becoming
stranded during down-ramping events

&
due to a complex combination of biotic &
and abiotic factors
5
g
,;;) Stranding risk

O

Microhabitat

Minutes Hours Days Seasons Years

Stranding risk Model Field Experiment
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Stranding risk (N =21)

« Juvenile fish are at risk of becoming
stranded during down-ramping events
due to a complex combination of bioftic
and abiotic factors

- Time of day

- Temperafure/season
— Channel morphology
- Habitat heterogeneity

System

Reach

Stranding risk

Habitat

« Stranding risk is greatest during periods of
lowest fish activity; exacerbated by
shallow bank slopes and habitat
complexity

Microhabitat

 Down-ramping should be minimized
during periods of known low activity,

efficacy constrained by site swororei| | Model
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Habitat suitabillity (N = 20)

« SDFV destabilizes fish habitat by
changing the quantity, quality, and
arrangement of suitable habitat

- Age class
- Habitat heterogeneity
- Distance from peaking facility

System

Reach

o
Habitat
suitability
)

« Heterogeneity provides suitable habitat
for multiple age classes, attenuates flow
variability, increases stranding risk

Habitat

« Habitat assessments must consider
arrangement of suitable habitats for
specific age classes, not just quantity

Microhabitat

Minutes Hours Days Seasons Years

Habitat suitability Model Field
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Big picture

Sub-daily flow variability due to hydroelecitric power production...

Increases stranding risk

Destabilizes habitat

Decreases diversity

Decreases production

Increases condition
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o Interrupts reproduction
* Increases mortality

o Prompts movement

e Does not meaningfully or
consistently impact
physiology or behavior
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Looking forward

o Characterize hydropower operation
modes under modern grid dynamics

%OAK RIDGE

National Laboratory

HUCo01 HUCO01
Natural Peaking
50,000
10,000 4 40,0004
30,000
5,000+ 20,0001
10,000 1
0+ 0
HUC03 HUCO03
Natural Peaking
3,000+ 80,000
60,000 4
2,000
40,000 4
1,000 4 20,000
04
0
HUC06 HUC06
Natural Peaking
o 20,0004 4
‘o s 6,000
& 15,000
> 4,000
© 10,0004
2
S 5,000 2,000
i)
[a] 04
HUC11 HUC11
Natural Peaking
80,000
3,000
60,000
2,000 40,000 4
1,000 4 20,000
04 04
HUC18 HUC18
Natural Peaking
2,000+
1,500 4
1,500 1
1,000 4
1,000 4
5004 5001
01 T T T T T T 01 T T T T T T
Feb Apr Jun Aug Oct Dec Feb Apr Jun Aug Oct Dec




Looking forward

o Characterize hydropower operation
modes under modern grid dynamics

e Incorporate morphology and
heterogeneity into longitudinal SDFV
models
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Looking forward

HHHHH

. Characterize hydropower operation M s WM\\MWWWM
modes under modern grid dynamics .

HHHHH

e Incorporate morphology and ] A

heterogeneity into longitudinal SDFV
models

* Link economic and environmental
models to evaluate anticipated
commercial and ecological outcomes
associated with flow decisions
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