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Introduction
The primary task of this project was to develop a mechanistic model of hydrodynamics and temperature
for Prineville Reservoir and the Crooked River downstream to its confluence with Ochoco Creek. The
model was used to explore the impacts of management strategies on water temperatures.
The model used for Prineville Reservoir and the Crooked River is the public domain model, CE-QUAL-W2
Version 4 (Cole and Wells, 2016). This model is 2-dimensional (longitudinal-vertical) hydrodynamic and
water quality model that predicts temperature, flow and water level in this application. The model is set
up to predict state variables at longitudinal segments and vertical layers.
The focus of this study was to perform the following tasks:
1. Obtain, organize and review data
2. Set-up model
3. Calibrate model to field data
4. Application of model to management strategies

CE-QUAL-W2 Model
Selection of the appropriate water quality model is a function of properly identifying the water quality
problem ("conceptualization") and selecting a model, which appropriately describes the water quality
changes in the water body, is theoretically valid, and can be easily adapted to site-specific physical
characteristics of the water body.
The performance of a mathematical model in predicting the existing and future water quality dynamics of
a system is dependent on the following steps:
i.
identification of the problem
ii.
selection of model type and relationship of model to the problem
iii.
computational representation
iv.
model response studies or model sensitivity analyses
v.
model calibration
vi.
application of model to evaluate management strategies
Because there are many water quality models available, a choice of the appropriate model would be made
after considering the following questions: What physical processes are represented in the model and
which are ignored? How are physical processes included in the model? What processes are represented
by model coefficients? For example, in defining the problem, the following questions could be asked:
 What are the dominant physical processes at work and can the chosen model represent these
processes? (such as, how does the water move? Is there stratification, wind-driven currents,
and/or selective withdrawal?)
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What are the spatial and temporal scales of these processes and can the model represent them?
(such as, is steady-state representation adequate, is 1-D, 2-D, or 3-D spatial discretization
necessary?)

The choice of the proper model is also based on answering
1.
Site specific questions (physical characteristics of each system component - river or reservoir
reach, water quality cycles),
2.
Management objectives (required accuracy, use for future studies),
3.
Project resources (data availability, staff constraints, time limitations).
Typical model longitudinal resolution is between 100-1000 m; vertical resolution is usually between 0.5
m and 2 m. The model can also be used in quasi-3-D mode, where embayments are treated as separate
model branches off the main stem of the reservoir. The user manual and documentation can be found at
the model website: http://www.cee.pdx.edu/w2.
Dr. Wells and his group have been the primary developers of this model for the ERDC (Engineer Research
and Development Center), Environmental Laboratory, Waterways Experiments Station Corps of Engineers
for over 15 years. Since 2000, this model has been used extensively throughout the world in 116 different
countries. There have been well-over 1000 applications of CE-QUAL-W2. The applications include
reservoirs, estuaries, lakes, and river systems.
CE-QUAL-W2 would be appropriate for modeling this system since it contains the following elements:
 Two-dimensional, dynamic hydrodynamics and water quality capable of replicating temperature and
water quality in a density stratified waterbody
 CE-QUAL-W2 has a proven track-record of being capable of modeling complex stratified reservoir
systems in the US and abroad
 The code is open source and is readily available for peer-review
 The model code is easily modified for custom output or input features as required by the user
 Depending on model set-up and complexity, the model can be run for long-term simulations (e.g., 100
year simulations) within a reasonable time period
 The CE-QUAL-W2 model has been extensively applied to stratified systems undergoing
eutrophication. It is the reservoir of choice by many US federal agencies for stratified reservoir
systems.
 The CE-QUAL-W2 model is one model that can be used for all waterbodies in this reservoir-river
system

Model Development
Bathymetry
The model grid for Prineville Reservoir is shown in Figure 1 and Figure 2. The Crooked River grid, which
extends from Bowman dam downstream to its confluence with Ochoco Creek, is shown in Figure 3. The
reservoir grid was developed using bathymetric data provided by the US Bureau of Reclamation. The river
grid was developed from Oregon DEQ channel width data, Oregon Water Resources Department cross9

section data, U.S. Soil Conservation Service hydraulic data and digital elevation maps. Grid characteristics
are shown in Table 1.
Table 1. Prineville Reservoir and Crooked River grid characteristics.

Parameter

Prineville
Reservoir

Crooked River

Grid length

14.0 miles, 22.5 25.8 miles, 41.5 km
km

Number of active segments

49

83

Longitudinal grid spacing

1640.4 ft, 500 m

1640.4 ft, 500 m

Number of branches/waterbodies

2/1

6/6

Vertical layer thickness

1m

0.5 m

The Prineville Reservoir grid included 2 branches, with one branch modeling the mainstem of the reservoir
and the other branch modeling the Bear Creek Arm (Table 2). The river model consists of 5 model
branches arranged linearly (Table 3).

Table 2. Prineville Reservoir branch segments and descriptions.

Branch

Upstream
Active Segment

Downstream
Active Segment

Description

1

2

46

Mainstem

2

49

52

Bear Creek Arm

Table 3. Crooked River branch segments and descriptions.

Branch

Upstream
Active Segment

Downstream
Active Segment

Description

1

2

21

Bowman Dam to RM 66.1

2

24

39

RM 66.1 to RM 60.8

3

42

47

RM 60.8 to removed Stearns Dam location

4

50

53

Removed Stearns Dam location to Baldwin Dam

5

56

77

Baldwin Dam to People’s Irrigation District
Diversion Dam

10

Branch

Upstream
Active Segment

Downstream
Active Segment

6

80

94

Description
People’s Irrigation District Diversion weir to just
upstream of confluence with Ochoco Creek

Figure 1. Prineville Reservoir grid showing segment numbers.
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.
Figure 2. Sideways view of Prineville Reservoir grid showing model segments (horizontal) and vertical layers. Each layer was
1 m thick and every segment was 500 m long.
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Figure 3. Crooked River grid segment locations.

Shade
Local topography and vegetation around the Crooked River influences the amount of solar radiation
reaching the water surface (see Figure 4). The local topography around the river was developed using a
digital elevation map (DEM). To characterize the influence of the topography, inclination angles were
obtained every 20 degrees around each model segment center point as shown in Figure 5. For each 20degree increment around a model segment an array of elevation points and their distances from the
center point were obtained from the DEM. The elevations and distances were then used to calculate the
13

highest inclination angle relative to the center point. The distance away from each segment center point
that should be analyzed to obtain the controlling inclination angle will vary depending on the terrain
surrounding the river. The result of this analysis generated inclination angles, which control topographic
shade for each of the 20-degree increments around a segment’s center point.
The model uses all 18 topographic inclination angles. Based on the position of the sun the algorithm will
interpolate between the two nearest inclination angles to get the most appropriate inclination angle. The
inclination angles are then used in the shading algorithm in the CE-QUAL-W2 model to determine if
vegetative or topographic shading dominates at a specific time during the day.
Figure 6 illustrates the influence of topographic and vegetative shading on the water surface of the river.
Vegetative shading was developed using model inputs of the Crooked River Heat Source model developed
by Oregon DEQ (2011 and 2009).

14

Figure 4. Area around Crooked River used to determine topographic angles for each model segment.
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Figure 5. Example of shading angles for 2 segments of the river model.
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Figure 6. The influence of topographic shading along the river.

Meteorological Inputs
Meteorological inputs were developed from data collected at the Powell Butte Agrimet station. CE-QUALW2 requires air temperature, dew point temperature, wind speed, wind direction, solar radiation and
cloud cover. Cloud cover was back-calculated using short wave solar data.
Table 4. Powell Butte Agrimet station information.

Name
Powell Butte

Station ID
POBO

Elevation
3199 ft. (975 m)

Latitude
44.24833

Longitude
-120.949972

Agency
USBR

Air and Dew Point Temperature
Air and dew point temperatures measured at the Powell Butte Agrimet station are shown in Figure 7.
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Figure 7. Air and dew point temperature.

Wind Speed and Direction
Wind speed and a rose diagram illustrating wind direction are shown in Figure 8 and Figure 9, respectively.

Figure 8. Wind speed measured at the Powell Butte Agrimet station.
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Figure 9. Powell Butte wind direction.

Short Wave Radiation and Cloud Cover
Short wave radiation data measured at the Powell Butte Agrimet station are plotted in Figure 10.

Figure 10. Radiation data measured at the Powell Butte Agrimet station

19

Model cloud cover inputs for both models were back calculated from short wave solar data. CE-QUAL-W2
uses cloud cover data and air temperature data to calculate long wave radiation. In the absence of
measured cloud cover data, cloud cover data was back calculated (Cole and Wells, 2016). Theoretical clear
sky solar radiation was calculated based on the geographic location of the meteorological station. The
ratio between the measured value and the theoretical clear sky radiation was used to calculate cloud over
a value ranging from 0 (no clouds) to 10 (complete cloud cover):

C

 measured 
1 
1
0.0065   theoretical clearsky 

where C: cloud cover in tenths
measured: measured short-wave solar radiation
theoretical clear sky: computed from theoretical formulae with no cloud cover

Figure 11. Cloud cover for the Prineville Reservoir and Crooked River model.

Dams
Arthur R Bowman Dam impounds Prineville Reservoir and was built by the U. S. Bureau of Reclamation to
provide irrigation water for the Crooked River Project. Water passing through Bowman Dam can flow
over the spillway or through its outlet works. Specifications for Bowman Dam are listed in Table 5.
Table 5. Specifications for Bowman Dam (USBR).

Parameter
Spillway crest elevation

Value
3234.8 ft (985.97 m)
20

Parameter
Value
Top of active conservation pool
3234.8 ft. (985.97 m)
Top of inactive conservation pool
3114 ft. (949.15 m)
Top of dead storage pool
3112 ft. (948.54 m)
Normal Water Surface Elevation
3234.8 ft. (985.97 m)
Total water storage
152,800 acre-feet
Spillway capacity
8120 cfs (229.94 cms)
Outlet works capacity
3300 cfs (93.45 cms)
In addition to Bowman Dam, a couple small dams, or weirs, exist in the reach between Bowman Dam and
Ochoco Creek. These dams have been included in the model and are designed to help divert water into
irrigation canals. One of these dams is located just downstream of the Baldwin Ditch withdrawal and
another downstream of the People’s Ditch withdrawal (Figure 12 through Figure 14).

Figure 12. Locations of Baldwin Dam and the weir just downstream of the People’s Irrigation withdrawal.
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Figure 13. Baldwin Dam (Google Earth).

Figure 14. Weir located just downstream of People's Ditch Withdrawal (Google Earth).

Flow Inputs
Prineville Reservoir
Inflows and outflow data for Prineville Reservoir are plotted in Figure 15. Bear Creek inflows were
estimated by multiplying reservoir Crooked River inflow data by a fraction of 0.183. This fraction was
estimated by dividing Bear Creek flow measurement data with Crooked River flow data on a
corresponding days.
22

Dam outlet works and spill flows are plotted in Figure 16. Spill flows 𝑄𝑠𝑝 were estimated using the
following broad crested weir equation (Street and Wylie, 1985):
3⁄
2

𝑄𝑠𝑝 = 1.67𝐿(𝑍 − 𝑍𝑠𝑝 )
where:
𝑄𝑠𝑝 : Spill Flow (m3/s)
𝑍: Water surface elevation at dam (m)
𝑍𝑠𝑝 : Spillway crest elevation (985.97 m)
𝐿: Spillway width (6.096 m)

Outlet works flow rates were estimated by subtracting spill flows (if any) from the total reservoir outflows.

Figure 15. Prineville Reservoir inflows and outflows.
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Figure 16. Bowman dam outlet works and spill flows.

Crooked River
Inflows into the upstream boundary of Crooked River section of the model were equal to dam outflows
(Figure 15). Irrigation withdrawals and return flows were also modeled. Modeled withdrawals included
irrigation diversions for the Feed Canal, Baldwin Ditch, and the People’s Ditch (Figure 17). Feed Canal flow
rates where measured at the CRCO flow gaging station (Crooked River Feed Canal near Prineville, OR).
Baldwin Ditch and People’s Ditch withdrawal rates were based on Oregon Water Resources Department
estimates (La Marche, 2007 and La Marche 2017). Withdrawals generally began in early April and ended
in mid-October (Figure 18). People’s Ditch and Baldwin Ditch flow rates were each set at 17.5 cfs through
August, and then decreased to 5 cfs in September. The reduced withdrawals in September were necessary
to keep the river from “drying up” due to low flows during 2005.
Return flow estimates (Table 6) were based on results from the OWRD seepage study (Figure 19) and U.
S. Fish & Wildlife Service estimates (Lickwar, 2017). The time series of return flows are plotted in Figure
20. Flows in Table 6 were modeled as a distributed tributary in branch 5 (Baldwin Dam to People’s
diversion dam) of the model. An additional 3 cfs were added to branch 6 (People’s diversion dam to
upstream of Ochoco Creek) as a distributed tributary.
24

Figure 17. Modeled withdrawals (Google Earth).
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Figure 18. Crooked River withdrawals.
Table 6. Modeled return flows above CAPO (Crooked River at Prineville).

Inc. Flow (cfs)
5
9
5
3

Dates
April 15-30
May-Oct
Nov
Dec-Apr 14

Reason
9 cfs during irrigation season but irrig/recharge just starting so
using ~1/2
9 cfs is from 2007 OWRD seepage study
1 month after irrigation ends so should be reducing (~1/2)
3 cfs is avg. base of winter incremental inflow
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Figure 19. Crooked River synoptic study groundwater and surface water inflows (La Marche, 2007).

Figure 20. Time series of return flow rates.
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Temperature Inputs
Temperature data were available upstream of the reservoir at station Crooked River at Prineville Reservoir
(Figure 21). Bear Creek inflow temperatures were assumed to be same as Crooked River inflow
temperatures.

Figure 21. Crooked River temperature data from station Crooked River above Prineville Reservoir (CRPO).

Model Calibration
Approach
The model calibration period was January 1, 2005 through December 31, 2005. This time period was
chosen due to the availability of continuous vertical profile temperature data upstream of the dam.
Calibration of the model included the following steps:
A. Development of model boundary conditions including meteorological inputs; boundary
conditions flows, temperature inputs; and dam operation data
B. Hydrodynamic and temperature calibration to ensure correct water levels and flow rates are
being simulated
C. Development of draft model development and calibration report for peer review and comments
D. Final model development and calibration report incorporating peer review comments.
Hydrodynamics were calibrated first. Once water levels and flows are being predicted adequately,
temperature was then calibrated.
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Our calibration approach is summarized in Figure 22. Instead of relying just on parameter adjustment to
match measured field data, we also looked carefully at the measured inputs to the system as we
performed the calibration.

Real system

Field data

Error =
Measured
output-model
output

Measured
inputs

Modeled
system

Is error
acceptable?

Calibration
complete

Model predictions
No

Adjust
boundary
conditions

Re-examination of
inputs to the system
– fill-in data gaps,
adjust if necessary

Re-examination of
field data –
document findings

Adjust or discard
field data, or
explain issue

Adjustment of
model parameters

Figure 22. Calibration approach.
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In order to demonstrate the prediction capability of the calibrated model, graphical comparisons and error
statistics of model predictions compared to measured field data were developed. Model predictions were
compared to field data for water level and temperature.

Calibration statistics of mean error, absolute mean error, and root mean square error for the model
predictions were calculated. The equation used for the mean error is:
n

Mean _ Error ( ME ) 

 model  data 
1

n

where ‘n’ is the number of observations, ‘model’ is the model predicted state variable and ‘data’ is the
field data variable. The mean absolute error between model and data is defined as:
n

Mean _ Absolute _ Error ( AME) 

 absmodel  data 
1

n

The root mean square error between the model and data is defined as:
n

Root _ Mean _ Square _ Error ( RMS ) 

 model  data 

2

1

n

Results
Water Level
Prineville Reservoir water level predictions are compared with data in Figure 23, and error statistics are
listed in Table 7.
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Figure 23. Model predicted water surface elevations compared with data for Prineville Reservoir.

Table 7. Water level error statistics for Prineville Reservoir.

# of data

Mean Error (m)
365

-0.02

Mean Absolute Error Root Mean
(m)
Error (m)
0.06
0.08

Square

Temperature
Prineville Reservoir
Continuous temperature data collected by Oregon DEQ were available at multiple depths upstream of the
dam. Average mean absolute error of model predictions was 0.56° Celsius (Table 8). Plots of continuous
temperature versus data are shown in the appendix. Figure 24 compares model predicted outflow
temperatures with data immediately downstream at the OWRD station PRVO. Mean absolute error of
the outlet predictions was 0.46° C (Table 9). Temperature predictions upstream of the dam for the full
simulation period are shown in the contour plot of Figure 25. In addition, temperature contour plots are
shown for 2011 and 2015 in Figure 26 and Figure 27, respectively.

31

Table 8. Error statistics for model vertical profile predictions upstream of dam.

Depth

# of data

Mean Error
(°C)

1
3
6
8
10
12
14
16
21
26
36
Sum/Avg.

2357
2357
2357
2357
2357
2357
2357
2357
2357
2357
2357
25927

0.30
-0.02
0.19
-0.04
-0.31
-0.15
-0.27
0.14
0.25
0.40
0.52
0.09

Mean
Absolute Error
(°C)
0.57
0.55
0.49
0.74
0.96
0.71
0.57
0.38
0.32
0.40
0.52
0.56

Mean Square
Error
(°C)
0.67
0.72
0.61
1.03
1.32
0.86
0.81
0.48
0.38
0.42
0.60
0.72

Figure 24. Prineville Reservoir outlet temperatures compared with data.
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Table 9. Error statistics for Prineville Reservoir outflow temperatures.

Parameter

# of data

Mean Error
(°C)

Temperature

365

-0.14

Mean Absolute
Error
(°C)
0.46

Root Mean Square
Error
(°C)
0.53

4
Figure 25. Temperature predictions upstream of dam for 2005.
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Figure 26. Temperature predictions upstream of dam for 2011.
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Figure 27. Temperature predictions upstream of dam for 2015.

Crooked River
Continuous temperature data were available in 2005 from 5 stations below Bowman Dam (Figure 28).
Table 10 lists station information.
Model error statistics for temperature are shown in Table 11. Average mean absolute error was 0.73 °C.
Plots of model-data comparisons have been included in the appendix.
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Figure 28. Locations of temperature measurement stations in 2005.
Table 10. List of stations used in temperature calibration.

Location
Crooked River approximately 600 feet downstream of
Prineville WWTP outfall
Crooked River at Castle Rock
Crooked River at County Park
New City Waste Water Lagoon Site (u/s Ochoco)
Stearns Dam

Latitude
44.3105

Longitude
-120.8711

Agency
DEQ

44.1587
44.2861
44.3200
44.2041

-120.8338
-120.8434
-120.8873
-120.8749

DEQ
DEQ
CRWC
CRWC
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Table 11. Temperature error statistics for river section of model.

Station
Castle Rock
Stearns Dam
County Park (DEQ)
Downstream of
WWTP outfall
Upstream of Ochoco
Creek
Average/Sum

Model
Segment

# of data

29
47
81

2253
1822
542

90

547

94

3864

-0.22
-0.44
-0.02
0.07

Mean
Absolute
Error
(°C)
0.47
0.96
0.59
0.62

-0.53

1.03

1.33

-0.23

0.73

0.92

Mean Error
(°C)

9028

Mean Square
Error
(°C)
0.62
1.19
0.7
0.75

Scenarios
Descriptions
Scenarios included 2 wet year scenarios, an average year scenario, and a dry year scenario. The scenarios
were compared to base case scenarios for 2005, 2011 and 2015. Base scenarios are model predictions of
existing conditions. Table 12 lists the target flow rate at the CAPO gage for the scenarios. In order to keep
water levels in the reservoir consistent with flood control management in the spring, winter-spring flood
releases were set equal outflows of the corresponding base year. At all other times dam releases were
adjusted to meet the target flows for CAPO. During irrigation season dam releases were equal total
irrigation withdrawals plus the flow target for CAPO minus any return flows, and outside of irrigation
season dam releases were set to the flow target at CAPO minus return flows.
Modeled reservoir outflows for the average year scenario, the wet year scenarios, and the dry year
scenario are compared with base case scenarios in Figure 29 through Figure 31.
Table 12. Scenario flow rates expected at CAPO gage (cfs).

Wet 1
Wet 2
AVG
DRY

Jan

Feb

Mar

Apr
1-15

Apr
1630

May

Jun

Jul

Aug

Sep

Oct

Nov

Dec

Year

100
80
80
50

100
80
80
50

100
80
80
50

100
80
80
50

140
80
80
20

140
80
80
20

140
80
80
20

140
80
80
20

140
80
80
20

140
80
80
20

100
80
80
50

100
80
80
50

100
80
80
50

2011
2011
2005
2015
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Figure 29. Modeled dam total outflows for average flow year scenario.
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Figure 30. Modeled dam total outflows for wet flow year scenarios.
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Figure 31. Modeled dam total outflows for dry flow year scenario.

Water Level and Temperature Results
Prineville Reservoir
Model predicted water levels of the scenarios are plotted in Figure 32 through Figure 34. If scenario dam
releases were greater than the base year, water level predictions were less than that of the base case
scenario. If dam releases were less than releases during the base year, water levels in the reservoir were
higher than the base case. For example, the dry flow year scenario, which simulated year 2015 inflows
and meteorological conditions, predicted higher water levels than actually what occurred in 2015 (Figure
34).
Dam outflow temperatures are shown in Figure 35 through Figure 37. Warmer outflow temperatures of
a scenario relative to a base case indicated that more water was being withdrawn from the reservoir and
water levels were lower. If outflow temperatures were cooler than the base case, water levels of the
scenario were greater than the base case and withdrawals were less.

40

Figure 32. Model predicted water levels in reservoir for average flow year scenario.
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Figure 33. Model predicted water levels in reservoir for wet flow year scenarios.
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Figure 34. Model predicted water levels in reservoir for dry flow year scenario.
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Figure 35. Dam outflow temperatures for average flow year scenario.
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Figure 36. Dam outflow temperatures for wet flow year scenarios.
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Figure 37. Dam outflow temperatures for dry flow year scenario.

Crooked River
Flow
Flow predictions at CAPO for the scenarios are shown in Figure 38 through Figure 40.
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Figure 38. Flow predictions at CAPO for average flow year scenario.
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Figure 39. Flow predictions at CAPO for wet flow year scenarios.

48

Figure 40. Flow predictions at CAPO for dry flow year scenarios.

Temperature
The 7-day average daily maximum and minimum temperature were calculated for the scenarios at the
Stearns Dam site and CAPO (Figure 41 through Figure 46). Increased summer flows relative to the base
case scenario reduced daily maximum temperatures at CAPO by 3° to 4° C for the average flow year
scenario (Figure 42). Daily maximum temperatures of the wet year scenario 1 were less than that of the
2011 base case due to higher flow rates. The wet year scenario 2 was actually warmer than the 2011 base
case because of the decreased release rates of this scenario. Dam release rates of the dry year scenario
(20 cfs target flow at CAPO) were less than 2015 base case conditions, resulting in daily maximum
temperature predictions that were 2° to 3° C warmer than the base case. Longitudinal plots of scenario
temperature predictions at selected times are shown in Figure 47 through Figure 52. Dry year scenario
longitudinal plots (Figure 50 through Figure 52) show predictions for 7/2/15 and 10/1/15. Since base case
flows and water depths are higher that the dry year scenario on 7/2/15, temperatures predictions of the
base case are cooler in the lower river. The dry year scenario predicts cooler temperatures than the base
case on 10/1/15 due to cooler dam outflows and increased releases to meet the target of 50 cfs at CAPO.
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Continuous temperature predictions were also plotted for the dry year scenario and base case at RM 52.6
and CAPO during a warm 20 day period in late June and early July (Figure 53 and Figure 54). Reduced flow
rates of the dry year scenario (20 cfs target at CAPO) during this period increased travel time and reduced
depth resulting in warmer temperature predictions. Daily maximum temperatures of the dry year
scenario were up to 3° C warmer than the base case during this time.

Figure 41. Model predictions of 7-day average of daily maximum and minimum temperature at Stearns Dam site for average
flow year scenario.
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Figure 42. Model predictions of 7-day average of daily maximum and minimum temperature at CAPO station for average
flow year scenario.
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Figure 43. Model predictions of 7-day average of daily maximum and minimum temperature at Stearns Dam site for wet
flow year scenarios.
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Figure 44. Model predictions of 7-day average of daily maximum and minimum temperature at CAPO station for wet flow
year scenarios.
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Figure 45. Model predictions of 7-day average of daily maximum and minimum temperature at Stearns Dam site for dry flow
year scenario.
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Figure 46. Model predictions of 7-day average of daily maximum and minimum temperature at CAPO station for dry flow
year scenario.

55

Figure 47. Longitudinal temperature profile predictions for the average flow year scenario.

56

Figure 48. Longitudinal temperature profile predictions for the wet flow year scenarios on 7/31/2011.

57

Figure 49. Longitudinal temperature profile predictions for the wet flow year scenarios on 9/15/2011.
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Figure 50. Longitudinal temperature profile predictions for the dry flow year scenario on 7/2/2015 12 pm.
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Figure 51. Longitudinal temperature profile predictions for the dry flow year scenario on 7/2/2015 at 4 pm.
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Figure 52. Longitudinal temperature profile predictions for the dry flow year scenario on 10/1/2015 at 4 pm.
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Figure 53. Continuous temperature predictions at RM 52.6 (segment 72) for base case and dry year scenario during a 20 day
period in late June and early July, 2015.
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Figure 54. Continuous temperature predictions at CAPO for base case and dry year scenario during a 20 day period in late
June and early July, 2015.

Summary
A temperature model of Prineville Reservoir and the Crooked River downstream to its confluence with
Ochoco Creek has been developed and calibrated. The models simulate flow, water level, and
temperature. Because temperature string data were available upstream of Bowman Dam, 2005 was
chosen as the calibration year. Temperature predictions for the station upstream of the dam had an
average mean absolute error (MAE) of 0.56° C. Dam outflow predictions had a MAE of 0.46° C. Model
predictions in river downstream of the dam had an MAE of 0.73° C.
An average flow year scenario, 2 wet year scenarios, and a dry flow year scenario were modeled. In
addition to these flow management scenarios, base case scenarios that simulated existing conditions in
2005, 2011, and 2015 were modeled.
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Scenario predictions showed that increasing dam release rates can reduce daily maximum temperatures
at CAPO by at least 3° C during warm periods. If release rates are reduced relative to existing conditions,
such as in the dry year scenario, temperatures at CAPO can be increased by as much a 2 to 3 degrees C.
Although these scenarios showed that increased dam release rates can reduce water temperatures in the
river by increasing depth and reducing travel time, dam outlet temperatures will increase later in the
summer due to lower reservoir water levels. In order to keep dam outflow temperatures relatively cool,
release rates will need to be managed to ensure that the cold water “pool” located at the bottom of the
reservoir is preserved for the entire summer.
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Appendix
Prineville Reservoir Model versus Data Temperature Plots

Figure 55. Comparisons between model temperature predictions and data measured upstream of Bowman Dam at 1 m
depth.
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Figure 56. Comparisons between model temperature predictions and data measured upstream of Bowman Dam at 3 m
depth.
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Figure 57. Comparisons between model temperature predictions and data measured upstream of Bowman Dam at 6 m
depth.
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Figure 58. Comparisons between model temperature predictions and data measured upstream of Bowman Dam at 8 m
depth.
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Figure 59. Comparisons between model temperature predictions and data measured upstream of Bowman Dam at 10 m
depth.
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Figure 60. Comparisons between model temperature predictions and data measured upstream of Bowman Dam at 12 m
depth.
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Figure 61. Comparisons between model temperature predictions and data measured upstream of Bowman Dam at 14 m
depth.
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Figure 62. Comparisons between model temperature predictions and data measured upstream of Bowman Dam at 16 m
depth.
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Figure 63. Comparisons between model temperature predictions and data measured upstream of Bowman Dam at 21 m
depth.
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Figure 64. Comparisons between model temperature predictions and data measured upstream of Bowman Dam at 26 m
depth.
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Figure 65. Comparisons between model temperature predictions and data measured upstream of Bowman Dam at 26 m
depth.
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Figure 66. Comparisons between model temperature predictions and data measured upstream of Bowman Dam at 36 m
depth.
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Crooked Model versus Data Temperature Plots

Figure 67. Comparisons between model temperature predictions and data measured at station Crooked River at Castle Rock.
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7
Figure 68. Comparisons between model temperature predictions and data measured at Stearns Dam site.
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Figure 69. Comparisons between model temperature predictions and data measured at station Crooked River at County Park
(Les Schwab Park).
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Figure 70. Comparisons between model temperature predictions and data measured at station Crooked River at
approximately 600 ft. downstream of Prineville WWTP outfall.
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Figure 71. Comparisons between model temperature predictions and data measured at station Crooked River upstream of
Ochoco Creek.
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