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Willamette River thermal

conditions:

7-Day Mean of Daily Maximum Water Temperature (OC)

7-Day Mean of Daily Maximum Water Temperature (OC)
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Seasonally challenging for cold-
water adapted species

Willamette River at Keizer, OR (141382015)
Data from U.S. Geological Survey, Oct-25-2000 to Mar-04-2019
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Willamette River at Harrisburg, OR (14166000)
Data from U_S. Geological Survey, Oct-04-2000 to Mar-04-2018
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USGS map by Gabe Gordon
Temperature plots from USGS Data Grapher



Willamette River thermal conditions:
understanding temperature

Temperature = the concentration of heat in the system

q <« mCAT g = amount of heat added or removed from the system
m = mass of water
‘ C = specific heat of water (approximately constant)
q Photo credit : Norman Buccola, US
AT o L -
mcC

heat load
discharge

water temperature «

ZUSGS

science for a changing world Discussion after Poole and Berman, 2001 and Caissie et al., 2006



Heat load to the Willamette River:

Comparing flux source and magnitude
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Relating heat load to temperature in the

Willamette River
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Relating heat load to temperature in the
Willamette River
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Relating heat load to temperature in the

Willamette River
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Temperature in the Willamette River: influence of discharge

HEAT FLUX SOURCES A\t | 1/,

heat load

water temperature o©
p

1. Volume/mass of water determines
temperature response to given heat input
(“buffering capacity”)

2. Velocity determines travel time from dam
outflow or degree of river temperature
adjustment to environmental fluxes
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Evolution of dominant heat load sources with distance:

North Santiam and Santiam Rivers, Big Cliff Dam to Willamette River confluence
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Willamette River at Albany, OR (USGS Gage 14174000)
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Predicting Water Temperature in
the Willamette River
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* |n the Willamette River, water
temperature is approaching pseudo- —
equilibrium with environmental fluxes, 7-day mean ai temoerature (dearees C)
allowing simple approximation of
controlling processes:

Measured 7-day mean water temperature (degrees C)

25

20

o o6 o000 0o0 0
CeZPTIMCOZ0W>

* Air temperature is reasonable
proxy for environmental heat load
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* Discharge is reasonable proxy for
travel time and thermal mass
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Willamette River at Albany, OR (USGS Gage 14174000)
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Q-4 = 7-day moving average discharge




Predicting Water
Temperature in the
Willamette River

Willamette at Willamette Falls (RM 27)
Willamette at Newberg (RM 50)
Willamette at Salem (RM 85)
Willamette at Albany (RM 120)
Willamette at Harrisburg (RM 162)

McKenzie at Vida (RM 50)
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7dADMax Salem Air Temperature
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Exploring the influence of
flow on stream
temperature:

Estimated stream temperature
response to variation in flow
given median air temperature
conditions

Predicted 7dADMax Temperature, Willamette at Keizer (USGS Gage 14192015)
Assuming Median 7dADMax Air Temperature at McNary Field Salem, 1948 - 2018
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7dADMax = 7-day running average of the daily maximum
provisional results; subject to revision



7dADMax Salem Air Temperature
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Exploring the influence of
flow on stream
temperature:

Estimated stream temperature
response to variation in flow
given median air temperature
conditions

Predicted 7dADMax Temperature, Willamette at Keizer (USGS Gage 14192015)
Assuming Median 7dADMax Air Temperature at McNary Field Salem, 1948 - 2018
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7dADMax = 7-day running average of the daily maximum
provisional results; subject to revision



7dADMax Salem Air Temperature Exploring the influence Of
; flow on stream
temperature:
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7dADMax Salem Air Temperature
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Exploring the influence of
flow on stream
temperature:

Estimated stream temperature
response to variation in flow
given median air temperature
conditions
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Exploring the influence of flow on stream

tem pe rature: Estimated Willamette River temperature response to flow
augmentation during summer 2018 at Keizer, Oregon

Estimated 7dADMax stream temperature assuming 2018 measured air temperature and 2018 measured discharge
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Exploring the influence of flow on stream

tem pe rature: Estimated Willamette River temperature response to flow
augmentation during summer 2018 at Keizer, Oregon

Estimated 7dADMax stream temperature assuming 2018 measured air temperature and 2018 measured discharge
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7dADMax = 7-day running average of the daily maximum
provisional results; subject to revision



Exploring the influence of flow on stream

tem pe rature: Estimated Willamette River temperature response to flow
augmentation during summer 2018 at Harrisburg, Oregon

Estimated 7dADMax stream temperature assuming 2018 measured air temperature and 2018 measured discharge
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Exploring the influence of flow on stream

tem pe rature: Estimated Willamette River temperature response to flow
augmentation during summer 2018 at Harrisburg, Oregon

Estimated 7dADMax stream temperature assuming 2018 measured air temperature and 2018 measured discharge
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7dADMax = 7-day running average of the daily maximum
provisional results; subject to revision



Exploring the influence of flow on stream

te m pe ratu re. Spatial variation in Willamette River potential temperature
response to different flow augmentation volume during
summer 2018

Mean Change in

7dADMax (degrees C)
Flow Augmentation: 500 cfs July August
Willamette at Harrisburg -0.5 -0.5
Willamette at Keizer -0.3 -0.4
Flow Augmentation: 1000 cfs
Willamette at Harrisburg -0.9 -0.9
Willamette at Keizer -0.6 -0.7
A
‘é USGS 7dADMax = 7-day running average of the daily maximum

science for a changing world provisional results; subject to revision



Conclusions

* Relative importance of heat source varies along river network

* On tributaries below dams, stream temperature is controlled by
temperature of dam release

* With distance from dam release, stream equilibrates to environmental
heat loads

* Flow augmentation can help mitigate high stream temperatures in Willamette
River downstream of dam release-temperature influence; however:

* Temperature response to flow augmentation decreases downstream

* Preliminary models suggest flow augmentation is inadequate to
consistently meet, but could reduce number of days exceeding regulatory
thresholds at Salem
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Laurel Stratton Garvin
Istratton@usgs.gov; 503-251-3234

Stewart Rounds
sarounds@usgs.gov; 503-251-3280

References:

Caissie, D. (2006). The thermal regime of rivers: a review.
Freshwater Biology 51, 1389-1406.

Poole, G.C. and C.H. Berman (2001). An ecological perspective on in-
stream temperature: natural heat dynamics and mechanisms of
human-caused thermal degradation. Environmental Management
27(6), 787-802.

Rounds, S.A. (2007). Temperature effects of point sources, riparian
shading, and dam operations on the Willamette River, Oregon: U.S.
Geological Survey Scientific Investigations Report 2007-5185, 34 p.,
https://pubs.usgs.gov/sir/2007/5185/

= USGS

science for a changing world

Photo: USGS


http://pubs.usgs.gov/sir/2007/5185/

