science for a changing world ﬁ

—

Modeling to investigate the relations between
flow management and water temperature in
the Willamette River and its major tributaries
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WILLAMETTE RIVER THERMAL

CO NDITI O N S: Seasonally challenging for cold-water fishes

USGS map by Gabe Gordon
Temperature plots from USGS Data Grapher

EXPLANATION
= Streams
L] USACE dam
A USGS Temperature
gage
Summer temperature

26

24

22

20

(=]

Willamette River at Keizer (14192015) ]

- >90 % of days <= 16 °C
and never >= 18 °C

‘:l <= 25 % of days
>=18°C

2510 50 % of days
>=18°C
50t 75 % of days
>=18°C

- >70% of days >=18°C

Willamette
River Basin

OREGON

7-Day Mean of Daily Maximum Water Temperature (°C
@

Jul-o7
Jul-16
Jul-25 —
Aug-03
Aug-12
Aug-21 |—
Aug-30
Sep-08 —
Sep-17 —

Jun-01
Jun-10
Jun-19
Jun-28

Y
1l

min-max
10-90 petl

NOV_OIIllll!l|III|III|III|III|III|

26 T T T T T T T T

24

22

20

7-Day Mean of Daily Maximum Water Temperature (°C
@

T I
Willamette River at Harrisburg (14166000)7

25-75 petl
— median
= = Regulatory
threshold

0 2[]"Kilometers

Jul-o7
Jul-18
Jul-2s —

Jun-01
Jun-10
Jun-19
Jun-28
Aug-03
Aug-12
Aug-21 [—
Aug-30
Sep-08 —
Sep-17 |—
Oct-14 [—

Temperature percentiles 2000 - 2019

Oct-23 [—

Mov-01
o

20 Miles

ZUSGS

science for a changing world



INVESTIGATING THE ‘THERMAL

LANDSCAPE’ OF THE
WILLAMETTE RIVER SYSTEM
The variation of water temperature in time and |
Space 160 Harrisburg
roneem Daily Mean
140 Temperature

(degrees Celsius)

e Water temperature modeled using CE-QUAL-W?2,
a 2D hydrodynamic and water quality model with
full heat budget
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Santiam R. 22
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* CE-QUAL-W2 models set up for three “Base
Condition” model years representing range of
recent hydrologic and climate conditions in the
Willamette Valley:
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a USGS Preliminary data; subject to revision. Do not cite.
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‘THERMAL REACHES’ OF , | | |
THE WILLAMETTE RIVER et S

Judy

* Downstream warming rate varies by season

* Willamette River is relatively isothermal ) ;
in spring and autumn 6 i T /

e Peak heating in July and August; average
temperature in September is lower
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e Large tributaries create thermal
discontinuities in stream profile
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‘THERMAL REACHES’ OF ;
THE WILLAMETTE RIVER o

Judy

* Longitudinal rate of change varies by reach g

oe

 Warming rate highest upstream; decreases =
downstream o
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* Temperature varies by year, but reach-
specific rate of change relatively consistent
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‘THERMAL REACHES’ OF
THE WILLAMETTE RIVER

* Longitudinal rate of change varies by reach

* Warming rate highest upstream; decreases
downstream

* Temperature varies by year, but reach-
specific rate of change relatively consistent

==lp Four characteristic ‘thermal reaches’ in the
Willamette River above Willamette Falls:

* Springfield-McKenzie Reach

e McKenzie-Santiam Reach

e Santiam-Newberg Reach

* Newberg Pool

Temperature, in degrees Celsius

.
s USGS Preliminary data; subject to revision. Do not cite.
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‘THERMAL REACHES’ OF THE
W| |_ LAM ETTE R|VER Cumulative degree day heating, July - August
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* |n summer, Willamette River warms
downstream, but not uniformly
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* Lower portions of each thermal reach
experience more cumulative summer
heating than upper sections of
downstream reaches:
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* Willamette immediately upstream of
Santiam River experiences similar
cumulative summer heating as Willamette
near Salem, ~ 40 miles downstream
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THERMAL RISK CATEGORIES,

JUVENILE CHINOOK 2016 Juvenile Chinook Rearing and Growth
180 )
Mokengie Ko7
ile Chinook i h
— rJaut\ll::zl e Chinook rearing and growt Thermal Risk |
P . Effects on fish Category name 160 rarmsburg
range (°C)
Long Tom R.
>24°C Mortality Lethal 140
Sub-optimal due to increased stress, Marys R.
220- 24 °C decreased growth and potential for .
disease o 12 AaRgo
° . . = Santiam R.
>10-20°C Optimal Optimal 8
oY 100
<10°C Safe, but decreased growth Suboptimal Rickreal Cr.
il Cr.
Kock and others, 2020 80 o
In July 2016, modeled conditions for juvenile Chinook &
Yamhill R.
Suggest: Newberg
* 2% of Willamette River length lethal 40
* 56% adverse o
L 42% Opt|ma| Apr May Jun Jul Aug Sep Oct

7
- USGS Preliminary data; subject to revision. Do not cite.
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- USGS Preliminary data; subject to revision. Do not cite.
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INVESTIGATING THE THERMAL Pe e e
Flow Augmentations Source Maxi Maxi Maxi Maxi
(+ 1000 cfs to ‘base case') a).(lmuom ax!mur:\ a).(lmuom ax!mur?
INFLUENCE OF FLOW AUGMENTATION cooing () | waming () | coing () wermig (0
Middle Fork Willamette River -0.69 0.88 -1.06] 0.89
IN THE WILLAMETTE RIVER South Fork McKenzie River 1,00 0.46 1.40 0.78
South Santiam River -1.08 0.30 -1.62 0.49
North Santiam River -1.24 0.26) -1.70 0.46
+1000 cubic feet per second from Dexter Dam, 2016 +1000 cubic feet per second from Cougar Dam, 2016
180~ - Owosso Bridge 180~ - Owosso Bridge
- McKenzie R - McKenzie R
160 - = Harrisburg 160 - - Harrisburg
-Long Tom R. -Long Tom R. Dl:l)f;ﬁ;e’{]’,l(;ea%n
Temperature
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- Marys R - Marys R
1.0
0.8
120 - = Q,@'QHQUJJ R. 120- C Eﬁj‘ﬁﬂ?mﬁ R. 086
2 o 04
= - Santiam R. = - Santiam R. 0.2
X 100 X 100- 0.2
-0.4
- Rickreal Cr. - Rickreal Cr. -06
- Mill Cr zyiLgr 0.8
80- - Keizer 80- - Keizer 10
1.2
-1.4
-1.6
60- 60-
= Yamhill R. = Yamhill R.
- Newberg - Newberg
40~ 40-
- Mollala R. - Mollala R.
, . , 1 1 , | - Tualatin R , , , ! , ] | - Tualatin R
Apr May Jun Jul Aug Sep Oct Apr May Jun Jul Aug Sep Oct

7
Preliminary data; subject to revision. Do not cite. as USGS
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INVESTIGATING THE THERMAL Daily Mean Daily Maximurm

Flow Augmentations Source . Maxi Maxi Maxi
(+ 1000 cfs to ‘base case’) Maximum aximum aximum aximum

INFLUENCE OF FLOW AUGMENTATION g )| wornig € | cnln (9 fuorning 0
Middle Fork Willamette River -0.69 0.88 -1.06 .

I N TH E WI L LA M ETTE R IVE R South Fork McKenzie River -1.00 0.46 -1.40 0.78

South Santiam River -1.08 0.30 -1.62 0.49

North Santiam River -1.24] 0.26) -1.70 0.46

+1000 cubic feet per second from Foster Dam, 2016 +1000 cubic feet per second from Big Cliff Dam, 2016

180~ - Owosso Bridge 180- - Owosso Bridge
= McKenzie R. - McKenzie R
160 - - Harrisburg 160- - Harrisburg
- Long Tom R. - Long Tom R. Dl:l)fafﬁ;ec,lzea;n
Temperature
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B
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m o 04
= = 0.2
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[ o 0.0
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MG 27 |
"~ =) or -
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-1.2
-1.4
1.6
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- Newberg - Newberg
40~ 40- I |
- Mollala R 11 - Mollala R
I_ L | - Tualatin R || ' I = Tualatin R
! ' ' | i ' ' i ' ' ! ' V !
Apr May Jun Jul Aug Sep Oct Apr May Jun Jul Aug Sep Oct

>
Preliminary data; subject to revision. Do not cite. s USGS

science for a changing world



INVESTIGATING THE THERMAL
INFLUENCE OF FLOW AUGMENTATION
IN THE WILLAMETTE RIVER

Potential influence on juvenile Chinook salmon

* Flow augmentation reduces duration and extent of
thermally stressful conditions

* Little effect in spring or autumn

* QGreatest effect in summer

Modeled percent change in river length in each thermal stress category
for juvenile Chinook with additional 1000 cfs from Dexter Dam, 2016

| Apr | May | Jun | Jul | Aug | Sep | Oct
+1000 cfs from Dexter Dam
Lethal 0 0 0 -0.96 -0.4 0 0
Adverse 0 0 -2.92[ -5.19 -1.5(  -0.05 0
Optimal -0.66 0 2.92 6.15 1.92 0.05 0
Suboptimal 0.66 0 0 0 0 0 0

~>
- USGS Preliminary data; subject to revision. Do not cite.
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Thermal stress category, juvenile Chinook
+ 1000 cfs from Dexter Dam, 2016
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SUMMARY AND CONCLUSIONS

* Willamette River divisible into four distinct ‘thermal
reaches’ with relatively linear downstream spring and
summer warming rates

* Large tributaries create thermal discontinuities up
to several degrees Celsius

* Effect of flow augmentation on stream temperature
varies seasonally and by tributary source

* Except in cool, wet yearséZOll), modeling suggests
that adversely warm conditions for spring Chinook are
extensive from June or July through August

* Modeling suggests that targeted flow management can
reduce extent and duration of thermally stressful
conditions for Chinook over short periods and
distances, but:

* Flow augmentation appears limited in ability to
fundamentally change thermal landscape of the
Willamette River

~>
- USGS Preliminary data; subject to revision. Do not cite.
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ADDITIONAL QUESTIONS

* How do specific flow-management actions at USACE dams
influence tributary and mainstem temperatures? How do the
effects of those actions vary seasonally?

* Temperature management; flow augmentation

 What are the implications of spatial and temporal thermal
variability in the Willamette River for various life stages of
spring Chinook and for winter steelhead?

* What are the thermal conditions in tributaries below USACE
dams, how do they vary longitudinally and between rivers and
how does this influence

e Adult migration and disease

e Spawning and incubation

* Rearing

for spring Chinook and winter steelhead?

ZUSGS
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Upcoming publications:
e  Stratton Garvin, L.E., Rounds, S.A., and Buccola, N.L., 2021, Estimating stream temperature in the

Willamette River Basin, Northwestern Oregon: A Regression-based Approach. U.S. Geological Survey
Scientific Investigations Report (imminent)

e  Stratton Garvin, L.E., 2021, Stream temperature predictions for the Willamette River Basin, northwestern
Oregon estimated from regression equations (1954 — 2018): U.S. Geological Survey,
https://doi.org/10.5066/P9PALKQZ (imminent)

e  Stratton Garvin, L.E., and Rounds, S.A., 2021. The thermal mosaic of the Willamette River: patterns and
controls on stream temperature and implications for flow management and cold-water salmonids. U.S.
Geological Survey Scientific Investigations Report (this summer)

e Rounds, S.A. and Stratton Garvin, L.E., 2021, Tracking heat in the Willamette River system, Oregon. U.S.
Geological Survey Scientific Investigations Report (this summer)
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