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Introduction

The State of Oregon Department of Environmental Quality (DEQ) is developing a TMDL for
temperature in the Willamette River basin shown in Figure 1. The study area included the Willamette
River and all maor tributaries (except the Tualatin River where a TMDL process was aready
concluded). A large section of the Columbia River was also modeled to provide adequate boundary
representation of tidal flows in the lower Willamette River. The Willamette River below the Oregon
City Falls in the Portland metropolitan area has atypical diurnal tidal range of 1 m. The development of
adynamic model of temperature and hydrodynamics of the entire river basin incorporating shading were
primary requirements of this modeling study. The model would be used by DEQ to set temperature
limits on point source dischargers and to evaluate the impact of management strategies on river
temperatures to improve fish habitat. Some of these strategies included modifications of the dam at the
Willamette River Falls south of Portland and channel reconfigurations.
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Figurel: TMDL study area - the Willamette River basin with drainage basins delineated.

CE-QUAL-W?2 Version 3.1 (Cole and Wells, 2002), a two dimensional (longitudinal-vertical), lateraly
averaged, hydrodynamic ard water quality model developed by the U.S. Army Corps of Engineers
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(USACOE) Waterways Experiments Station was chosen as the appropriate model tool for this system
for the following reasons:

Dynamic temperature predictive capability

Dynamic shading prediction based on detailed topographic and vegetative shading information
Ability of the model to be used for water quality after the temperature study where parameters of
interest are algae, periphyton, pH, dissolved oxygen

Ability to model complex hydraulic flow paths with multiple interconnected branches using
hydraulic el ements (weirs, pumps, spillways) between branches

Ability to evaluate the stratification potential of deep pools in the Willamette River where water
quality and temperature data have shown significant stratification

Ability to model estuary hydrodynamics

Ability to model an entire river basin including upstream deep-density stratified reservoirs
Public domain executable and source code for quality-assurance and testing

The river basin model was originally divided into several reaches. Individual models were developed for
each reach. These reaches were (see aso Figure 2):

Columbia River - from Beaver Army Terminal (Columbia River Mile 53.8) to Bonneville Dam
(RM 144.5) (Willamette River enters the Columbia River at Columbia River Miles 87 and 101);
Tidal Willamette River — Lower Willamette River from mouth to Willamette Falls (RM 26.5),
including the Willamette Channel and the Multhomah Channel;

Non-tidal Willamette River — Willamette Falls (RM 26.5) to confluence of Coast and Middle
Forks (RM 187); this section was divided further into the following reaches: Middle Willamette
from the Willamette Falls (RM 26.5) to the city of Salem (RM 85); Upper Willamette from the
City of Salem (RM 85) to the confluence of Coast and Middle Forks (RM 187)

Clackamas River up to River Mill Dam/Estacada Lake (RM 26);

Santiam River (all 12 miles), North Santiam River up to Detroit Dam (RM 49), South Santiam
River up to Foster Dam (RM 38);

Long Tom River to Fern Ridge Dam (RM 26);

McKenzie River to RM 56, and South Fork McKenzie River to Cougar Dam (RM 4);

Middle Fork Willamette to Dexter Dam (RM 17), Fall Creek to Fall Creek Dam (RM 7);

Coagt Fork Willamette to Cottage Grove Dam (RM 30), Row River to Dorena Dam (RM 7.5);
Columbia Sloughin the tidal portion of the Willamette River (about 9 miles in length)

Once the models were set-up for each section of the Willamette basin, the model was calibrated to field
data and management strategies were evaluated. These are the subjects of two other reports. Annear et
al. (2004) and Berger et a. (2004).

This report outlines the results of implementing model scenarios for each of the model sections or
elements for specific time periods. The model scenario simulation periods used to investigate
management scenarios required boundary condition data that extended past the model calibration
periods. The model simulation period for year 2001 was from June 1 to October 31 and for year 2002
from April 1 to October 31.
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Figure2: Willamette River and modeled tributaries.

There were twenty one model scenarios run as shown in Table 1, based on a technical memo developed
by the Oregon Department of Environmental Quality (ODEQ, 2003).

Table1: Willamette River TMDLs Mainstem Model simulations (ODEQ, 2003)

Sim No. Currgréié)r:tisgl/stem Y ear Description

1 Calibration 2001 2001 calibration conditions
2 Calibration 2002 2002 calibration conditions
3 System Potential 1 2001 No point sources

4 System Potential 1 2001 point sources, current

5 System Potential 1 2001 point sources, design

6 System Potential 2 2001 No point sources

7 System Potential 2 2001 point sources, current

8 System Potential 2 2001 point sources, design

9 System Potential 1 2002 No point sources

10 System Potential 1 2002 point sources, current




Sim No. Cu”g&igzt%’gaﬂ Y ear Description

11 System Potential 1 2002 point sources, design

12 System Potential 2 2002 No point sources

13 System Potential 2 2002 point sources, current

14 System Potential 2 2002 point sources, design

15 Calibration 2001 | with 20% boundary flow rate reduction

16 Calibration 2001 with 20% boundary flow rate increase
I with upstream boundary flow rates set to

7 Calibration 2001 NFI\?S biological opi>r/1ion flow rates

18 Calibration 2001 | with 5°C boundary temperature reduction

19 Calibration 2001 | with 5°C boundary temperature increase

20 Calibration 2001 with no vegetative shade

21 Calibration 2001 with System Potential vegetative shade

Model output results are presented in three output formats; time series plots of flow and temperature at
specific site locations, longitudinal temperature plots for a specific data, contour plots of temperature
difference over time and space comparing results between two model scenarios. The model output
results are described in more detail:

1. Time seriesoutput at each location in Table 2
Hourly temperature and flows
Daily 7-day moving average of daily maximum temperature and 7-day average flow



Table2: CE-QUAL-W2 Model Scenario output locations, based on ODEQ (2003).

. Upstream | Downstrea River Mile Large Pt. Sources : )
Sé\;gh Point m Point L ocation for to beincluded in River Landmarks Cv\Ean;J(ﬁj; MSc;céel RM
L ocation L ocation Output calibrated model
51-0 Gagenr Mouth 5.1 Gage #2110 Clackamas | USGS14211010 | Clackamas 117 | 507
Clackamas
234-51 | RverMill | GageNr | 535 Gage #2100 Clackamas | USGS14210000 | Clackamas 2 | 2222
Dam Clackamas
Dorena Row RRM 5.4 . .
Row R L ake dam Mouth Gage #1555 Row River USGS14155500 | Coast/Middle 206 5.51
Fall Creek | I Cr Mouth Fall CrRM 6.1 Fall Creek | USGS14151000 | Coast/Middle | 363 | 629
Dam Gage #1510
11.2-0 Fall Creek Dexter 11.2 Middle Fork Coast/Middle 283 11.14
11.2-16.8 | Dexter Dam | Fall Creek | 14.2 Gage #1500 Middle Fork | USGS14150000 | Coast/Middle 263 13.95
20.8-0 Row R Mouth 20.8 Coast Fork Coast/Middle 57 20.18
Coast Fork Coast/Middle 51 21.28
Gage below
u/s Cottage Grove Cottage Grove .
29.4-20.8 ch)rt(t)z\a/%e Row R POTW POTW Coast Fork Coast/Middle 4 29.03
MF/CF McKenzie Eugene POTW . .
187-171.8 187 Willamett Coast/Middl 354 187.06
confluence R (MWMCQC) amette ° adie
257-0 Ferg:r'r?ge Mouth 6.7 Gage #1700 Long Tom | USGS14170000 | Long Tom 153 4.64
Hawthorne | Multhomah Wacker Siltronics, . Lower
13.1-34 Br Ch 13.1 OMS Willamette Willamette 64 13.05
Tryon Creek
Clackamas | Hawthorne POTW, Oak Lodge . Lower
24.8-13.1 R Br 24.8 POTW, Kellogg Cr. Willamette Willamette 6 24.80
POTW
Willamette L ower 89 413
Willamette
Multnomah . . Lower
340 ch 34 Oregon Steel Mills Willamette Willamette 85 6.13
13.7-0 Mohawk R. Mouth 13.7 WeyCo Springfield McKenzie McKenzie 337 9.75
41.3-13.7 Vida Mohawk R 41.3 McKenzie McKenzie 150 37.99
59.8—-41.3 | South Fork Vida 59.8 McKenzie USGS14159500 McKenzie 4 60.39




TriCitiesPOTW,

Molala Clackamas Blue Heron, West . Middle

35.7-24.8 River R 35.7 Linn Paper, Canby Willamette Willamette 338 35.72
POTW
. Wilsonville POTW, .
54.9-35.7 YS{CZL” MR?'\?Je'ra 54.9 SP Newsprint, Willamette wm::: oo | 198 | 5509
Newberg POTW

Y amhill Salem Willow : Middle
84.1-54.9 | Sdem Gage River 84.1 Creek POTW Willamette Willamette 4 84.69
109-84.1 | SantiamR Salem 109 Willamette Upper 508 | 108.60

Gage Willamette
Calapooia/

. Albany POTW, . Upper

119.4-109 A(Igl;zr;y Santiam R 119.4 WeyCo Albany Willamette Willamette 433 120.11
Calapooia/

Marys . . Upper

132.1-1194 River Albany 132.1 CorvalisPOTW Willamette Willamette 342 133.00
Gage
Halsey Fort James

Long Tom Marys ! . Upper

149-132.1 R River 149 Pope & Tal bot, Willamette Willamette 239 149.40
Evanite
161.2-149 | Harisourg | Long Tom 161.2 Willamette Upper 156 | 161.98
Gage R Willamette

McKenzie | Harrisburg . Upper

171.8-161.2 R Gage 171.8 Willamette Willamette 68 175.30




2. Longitudina Plots for August 10, 2001
7-day moving average of daily maximum temperature
Thefollowing model scenarios were compared:

Table 3: Longitudinal Plot Sensitivity Analysis Comparisons

o . o Comparison
Model Sensitivity Comparisons, Longitudinal Plots Smulations
Sensitivity to point sources 3vs. 5
Sensitivity to boundary flow rate (boundary flows adjusted +/- 20%): 1vs 15and 16
Sensitivity to boundary temperature (boundary temps adjusted +/- 5°C) 1vs 18 and 19
SSES(? et)l vity to vegetative shade (System Potential shade vs. no vegetative 1vs. 20 and 21
Sensitivity to biological opinion flows — pre-bio opinion operation vs. post- 1
. . e : vs. 17
biological opinion operation

3. Contour Plotsover the each model reach and over the 2001 simulation time period

7-day moving average of daily maximum temperature
The following model scenarios were compared:

Table4: Contour Plot Sensitivity Analysis Comparisons

opinion operation

o : Comparison
Model Sensitivity Comparisons, Contour Plots Smulations
Sensitivity to point sources 3vs. 5
Senditivity to boundary flow rate reduction (boundary flow rates reduced 20%) 1lvs 15
Sensitivity to boundary flow rate increase (boundary flow rates increased 20%) 1vs. 16
Sensitivity to boundary temperature reduction (boundary temperatures reduced 5°C) 1vs. 18
Sensitivity to boundary temperature increase (boundary temperatures increased 5°C) 1vs. 19
Sensitivity to vegetative shade (System Potential shade vs. no vegetative shade) 21 vs. 20
Sengitivity to biological opinion flows — pre-bio opinion operation vs. post-biological 1vs 17

Each model results section presents the figures with results from the furthest up stream reaches of the
coast and Middle Forks of the Willamette River downstream to the Lower Willamette River with any
modeled tributaries presented before each Willamette River Reach. The model reaches are presented in

the following order:

Coast/Middle Fork Willamette River
McKenzie River

Long Tom River

Upper Willamette River

Middle Willamette River

Clackamas River

Lower Willamette River



Time Series Comparisons

System Potential 1, 2001

System Potential 1 (ODEQ, 2003) was run for the summer of 2001 r three scenarios with varying
discharges from the large point sources in the Willamette River system. The point sources were
simulated as having no discharge, their current discharge in 2001, and their maximum permitted
discharge. These results were then compared with the results of the calibrated model in a series of time
series plots. There are four types of time series output for each of the 21 locations identified above in
Table 2: continuous temperature, continuous flow, the seven-day moving average of the daily maximum
temperature, and the seven-day average of daily average flow.

Continuous Temperature
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Figure 3: Calibrated model and System Potential 1 (varying point sour ce discharges) continuoustemperature
comparison for 2001 for the Coast Fork Willamette River at RM 29.03
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Figure4: Calibrated model and System Potential 1 (varying point source discharges) continuoustemperature

comparison for 2001 for the Coast Fork Willamette River at RM 21.28
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Coast Fork Willamette River, Model Segment 57, RM 20.18
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Figureb5: Calibrated model and System Potential 1 (varying point sour ce discharges) continuous temperature

comparison for 2001 for the Coast Fork Willamette River at RM 20.18
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Figure 6: Calibrated model and System Potential 1 (varying point sour ce discharges) continuous temper ature

comparison for 2001 for the Row River at RM 5.51
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Figure7: Calibrated model and System Potential 1 (varying point sour ce discharges) continuous temperature

comparison for 2001 for the Middle Fork Willamette River at RM 13.95
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Figure8: Calibrated model and System Potential 1 (varying point source discharges) continuoustemperature

comparison for 2001 for the Middle Fork Willamette River at RM 11.14
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Figure9: Calibrated model and System Potential 1 (varying point source discharges) continuoustemperature

comparison for 2001 for the Fall Creek at RM 6.29
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Figure 10: Calibrated model and System Potential 1 (varying point sour ce discharges) continuous temperature
comparison for 2001 for the Willamette River at RM 187.03
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Figure11: Calibrated model and System Potential 1 (varying point sour ce discharges) continuous temperature

comparison for 2001 for the McKenzie River at RM 60.39
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Figure12: Calibrated model and System Potential 1 (varying point sour ce discharges) continuous temperature

comparison for 2001 for the McKenzie River at RM 37.99
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Figure 13: Calibrated model and System Potential 1 (varying point sour ce discharges) continuoustemperature

comparison for 2001 for the McKenzie River at RM 9.75
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Figure 14: Calibrated model and System Potential 1 (varying point sour ce discharges) continuoustemperature

comparison for 2001 for the Long Tom River at RM 4.64
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Figure 15: Calibrated model and System Potential 1 (varying point sour ce discharges) continuous temperature

comparison for 2001 for the Willamette River at RM 175.3
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Figure 16: Calibrated model and System Potential 1 (varying point sour ce discharges) continuoustemperature

comparison for 2001 for the Willamette River at RM 161.98
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Figure17: Calibrated model and System Potential 1 (varying point sour ce discharges) continuoustemperature

comparison for 2001 for the Willamette River at RM 149.4
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Figure 18: Calibrated model and System Potential 1 (varying point sour ce dischar ges) continuous temperature

comparison for 2001 for the Willamette River at RM 133
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Figure 19: Calibrated model and System Potential 1 (var ying point sour ce dischar ges) continuous temperature

comparison for 2001 for the Willamette River at RM 120.11
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Figure20: Calibrated model and System Potential 1 (varying point sour ce discharges) continuous temperature

comparison for 2001 for the Willamette River at RM 108.6
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Figure21: Calibrated model and System Potential 1 (varying point sour ce discharges) continuous temperature

comparison for 2001 for the Willamette River at RM 84.69
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Figure 22: Calibrated model and System Potential 1 (varying point sour ce dischar ges) continuous temperature
comparison for 2001 for the Willamette River at RM 55.09
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28 Middle Willamette River, Model Segment 338, RM 35.72
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Figure23: Calibrated model and System Potential 1 (varying point sour ce discharges) continuoustemperature
comparison for 2001 for the Willamette River at RM 35.72
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Figure24: Calibrated model and System Potential 1 (varying point sour ce discharges) continuoustemperature

comparison for 2001 for the Clackamas River at RM 22.22
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Figure 25: Calibrated model and System Potential 1 (varying point sour ce discharges) continuous temperature

comparison for 2001 for the Clackamas River at RM 5.07
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Lower Willamette River, Model Segment 6, RM 24.80
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Figure 26: Calibrated model and System Potential 1 (varying point sour ce discharges) continuoustemperature
comparison for 2001 for the Willamette River at RM 24.8
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Figure27: Calibrated model and System Potential 1 (varying point sour ce discharges) continuoustemperature

comparison for 2001 for the Willamette River at RM 13.05
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Figure28: Calibrated model and System Potential 1 (varying point sour ce discharges) continuoustemperature

comparison for 2001 for the Willamette River at RM 6.13
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Figure29: Calibrated model and System Potential 1 (varying point source dischar ges) continuousflow comparison for

2001 for the Coast Fork Willamette River at RM 29.03
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Figure 30: Calibrated model and System Potential 1 (varying point sour ce discharges) continuous flow comparison for
2001 for the Coast Fork Willamette River at RM 21.28
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Figure 31: Calibrated model and System Potential 1 (varying point sour ce discharges) continuous flow comparison for

2001 for the Coast Fork Willamette River at RM 20.18
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Figure32: Calibrated model and System Potential 1 (varying point sour ce dischar ges) continuous flow comparison

for 2001 for the Row River at RM 5.51
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Figure 33: Calibrated model and System Potential 1 (varying point sour ce dischar ges) continuous flow comparison for
2001 for the Middle Fork Willamette River at RM 13.95
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Figure 34: Calibrated model and System Potential 1 (varying point sour ce discharges) continuous flow comparison for
2001 for the Middle Fork Willamette River at RM 11.14
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Figure 35: Calibraed model and System Potential 1 (varying point sour ce discharges) continuous flow comparison for
2001 for the Fall Creek at RM 6.29
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Figure 36: Calibrated model and System Potential 1 (varying point sour ce dischar ges) continuousflow comparison for

2001 for the Willamette River at RM 187.06
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Figure 37: Calibrated model and System Potential 1 (varying point sour ce discharges) continuous flow comparison for

2001 for the McKenzie River at RM 60.39
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Figure 38: Calibrated model and System Potential 1 (varying point sour ce discharges) continuous flow comparison for
2001 for the McKenzie River at RM 37.99
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Figure 39: Calibrated model and System Potential 1 (varying point sour ce dischar ges) continuous flow comparison for
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Figure40: Calibrated model and System Potential 1 (varying point sour ce discharges) continuous flow comparison for

2001 for theLong Tom River at RM 4.64
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Figure41: Calibrated model and System Potential 1 (varying point sour ce discharges) continuous flow comparison for

2001 for the Willamette River at RM 175.3
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Figure42: Calibrated model and System Potential 1 (varying point sour ce discharges) continuous flow comparison for

2001 for the Willamette River at RM 161.98
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Figure43: Calibrated model and System Potential 1 (varying point sour ce discharges) continuous flow comparison for

2001 for the Willamette River at RM 149.4
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Figure44: Calibrated model and System Potential 1 (varying point sour ce discharges) continuous flow comparison for

2001 for the Willamette River at RM 133
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Figure45: Calibrated model and System Potential 1 (varying point sour ce discharges) continuous flow comparison for

2001 for the Willamette River at RM 120.11
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Figure 46: Calibrated model and System Potential 1 (varying point sour ce dischar ges) continuous flow comparison for

2001 for the Willamette River at RM 108.6
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Figure47: Calibrated model and System Potential 1 (varying point sour ce dischar ges) continuous flow compar ison for

2001 for the Willamette River at RM 84.69
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Figure 48: Calibrated model and System Potential 1 (varying point sour ce dischar ges) continuous flow comparison for

2001 for the Willamette River at RM 55.09
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Figure 49: Calibrated model and System Potential 1 (varying point sour ce dischar ges) continuous flow comparison for

2001 for the Willamette River at RM 35.72
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Figure50: Calibrated model and System Potential 1 (varying point sour ce discharges) continuous flow comparison for

2001 for the Clackamas River at RM 22.22
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Figure51: Calibrated model and System Potential 1 (varying point sour ce dischar ges) continuous flow comparison for
2001 for the Clackamas River at RM 5.07
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Figure52: Calibrated model and System Potential 1 (varying point sour ce discharges) continuous flow comparison for

2001 for the Willamette River at RM 24.8
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Figure53: Calibrated model and System Potential 1 (varying point sour ce discharges) continuous flow comparison for

2001 for the Willamette River at RM 13.05
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Figure54: Calibrated model and System Potential 1 (varying point sour ce dischar ges) conti nuous flow comparison for

2001 for the Willamette River at RM 6.13
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Figure55: Calibrated model and System Potential 1 (varying point sour ce discharges) 7-day moving aver age of the daily maximum temperature comparison for

2001 for the Coast Fork Willamette River at RM 29.03
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Figure56: Calibrated model and System Potential 1 (varying point sour ce discharges) 7-day moving average of the daily maximum temperatur e comparison for
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Figure57: Calibrated model and System Potential 1 (varying point sour ce discharges) 7-day moving average of the daily maximum temperature comparison for
2001 for the Coast Fork Willamette River at RM 20.18
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7-day Moving Average of the Daily Maximum Surface Temperature, C

Figure58: Calibrated model and System Potential 1 (varying point sour ce discharges) 7-day moving average of the daily maximum temperature comparison for
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7-day Moving Average of the Daily Maximum Surface Temperature, C
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Figure59: Calibrated model and System Potential 1 (varying point sour ce discharges) 7-day moving average of the daily maximum temperature comparison for
2001 for the Middle Fork Willamette River at RM 13.95
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Figure 60: Calibrated model and System Potential 1 (varying point sour ce discharges) 7-day moving average of the daily maximum temper ature comparison for
2001 for the Middle Fork Willamette River at RM 11.14
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Calibrated model and System Potential 1 (varying point sour ce discharges) 7-day moving aver age of the daily maximum temper ature comparison for

2001 for the Fall Creek at RM 6.29
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Calibrated model and System Potential 1 (varying point source discharges) 7-day moving aver age of the daily maximum temper ature comparison for
2001 for the Willamette River at RM 187.06
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Figure 63: Calibrated model and System Potential 1 (varying point sour ce discharges) 7-day moving average of the daily maximum temperature comparison for

2001 for the McKenzie River at RM 60.39
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7-day Moving Average of the Daily Maximum Surface Temperature, C
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Calibrated model and System Potential 1 (varying point source discharges) 7-day moving aver age of the daily maximum temperature comparison for

2001 for the McKenzie River at RM 37.99
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7-day Moving Average of the Daily Maximum Surface Temperature, C
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Calibrated model and System Potential 1 (varying point source discharges) 7-day moving aver age of the daily maximumtemperature comparison for

2001 for the McKenzie River at RM 9.75
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7-day Moving Average of the Daily Maximum Surface Temperature, C

5/30/01

28
27
26
25
24
23
22
21
20
19
18
17
16
15
14
13
12
11
10

6/19/01 7/9/01 7/29/01 8/18/01 9/7/01 9/27/01 10/17/01 11/6/01
1 1 I 1 I 1 I 1 1 I 1 I 1 I 1 1 I 1 I 1 I 1 I 1 I 1 I 1 I

Long Tom River, Model Segment 153, RM 4.64
i [+—FH—-+1 calibrated Model, Run 1
. &O— & —< System Potential 1, Run 3, 4, and 5 (No Point Sources ‘\

150 160 170 180 190 200 210 220 230

Julian Day

240 250 260 270 280 290

Figure 66: Calibrated model and System Potential 1 (varying point sour ce discharges) 7-day moving average of the daily maximum temperature comparison for

2001 for the Long Tom River at RM 4.64
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7-day Moving Average of the Daily Maximum Surface Temperature, C
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Calibrated model and System Potential 1 (varying point sour ce discharges) 7-day moving aver age of the daily maximum temper ature comparison for

2001 for the Willamette River at RM 175.3
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7-day Moving Average of the Daily Maximum Surface Temperature, C

Figure68:
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Calibrated model and System Potential 1 (varying point source discharges) 7-day moving aver age of the daily maximum temperature comparison for

2001 for the Willamette River at RM 161.98
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Figure 69: Calibrated model and System Potential 1 (varying point sour ce discharges) 7-day moving average of the daily maximum temperature comparison for
2001 for the Willamette River at RM 149.4
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7-day Moving Average of the Daily Maximum Surface Temperature, C
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Calibrated model and System Potential 1 (varying point sour ce discharges) 7-day moving aver age of the daily maximum temper ature comparison for

2001 for the Willamette River at RM 133.0
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7-day Moving Average of the Daily Maximum Surface Temperature, C
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Calibrated model and System Potential 1 (varying point sour ce dischar ges) 7-day moving aver age of the daily maximum temper ature comparison for

2001 for the Willamette River at RM 120.11
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7-day Moving Average of the Daily Maximum Surface Temperature, C

Figure72:
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Calibrated model and System Potential 1 (varying point sour ce discharges) 7-day moving average of the daily maximum temperature comparison for

2001 for the Willamette River at RM 108.6
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7-day Moving Average of the Daily Maximum Flow-weighted Temperature, C

Figure73:
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Calibrated model and System Potential 1 (varying point source discharges) 7-day moving aver age of the daily maximum temper ature comparison for

2001 for the Willamette River at RM 84.69
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Figure 74: Calibrated model and System Potential 1 (varying point sour ce dischar ges) 7-day moving aver age of the daily maximum temper ature comparison for
2001 for the Willamette River at RM 55.09
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7-day Moving Average of the Daily Maximum Flow-weighted Temperature, C
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Figure 75: Calibrated model and System Potential 1 (varying point sour ce discharges) 7-day moving average of the daily maximum temper ature comparison for

2001 for the Willamette River at RM 35.72
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Figure 76: Calibrated model and System Potential 1 (varying point sour ce discharges) 7-day moving average of the daily maximum temper ature comparison for
2001 for the Clackamas River at RM 22.22
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Figure 77: Calibrated model and System Potential 1 (varying point sour ce dischar ges) 7-day moving aver age of the daily maximum temper ature comparison for
2001 for the Clackamas River at RM 5.07
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7-day Moving Average of the Daily Maximum Flow-weighted Temperature, C
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Figure 78: Calibrated model and System Potential 1 (varying point sour ce discharges) 7-day moving average of the daily maximum temper ature comparison for

2001 for the Willamette River at RM 24.80



7-day Moving Average of the Daily Maximum Flow-weighted Temperature, C
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Figure 79: Calibrated model and System Potential 1 (varying point sour ce dscharges) 7-day moving aver age of the daily maximum temper ature comparison for

2001 for the Willamette River at RM 13.05
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Figure 80: Calibrated model and System Potential 1 (varying point sour ce discharges) 7-day moving average of the daily maximum temperatur e comparison for
2001 for the Willamette River at RM 6.13
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Figure81: Calibrated model and System Potential 1 (varying point sour ce discharges) 7-day moving average of the daily average flow comparison for 2001 for

the Coast Fork Willamette River at RM 29.03
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Figure 82: Calibrated model and System Potential 1 (varying point sour ce discharges) 7-day moving aver age of the daily average flow comparison for 2001 for
the Coast Fork Willamette River at RM 21.28
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Figure 83: Calibrated model and System Potential 1 (varying point sour ce discharges) 7-day moving aver age of the daily average flow comparison for 2001 for
the Coast Fork Willamette River at RM 20.18
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7-day Moving Average of the Daily Average Flow, m3/s
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Figure 84: Calibrated model and System Potential 1 (varying point sour ce discharges) 7-day moving aver age of the daily average flow comparison for 2001 for

the Row River at RM 5.51
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7-day Moving Average of the Daily Average Flow, m3/s
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Figure 85: Calibrated model and System Potential 1 (varying point sour ce discharges) 7-day moving aver age of the daily average flow comparison for 2001 for

the Middle Fork Willamette River at RM 13.95
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7-day Moving Average of the Daily Average Flow, m3/s
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Figure 86: Calibrated model and System Potential 1 (varying point sour ce discharges) 7-day moving aver age of the daily average flow comparison for 2001 for

the Middle Fork Willamette River at RM 11.14
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7-day Moving Average of the Daily Average Flow, m3/s
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Figure87: Calibrated model and System Potential 1 (varying point sour ce discharges) 7-day moving aver age of the daily average flow comparison for 2001 for

the Fall Creek at RM 6.29
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7-day Moving Average of the Daily Average Flow, m3/s
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Figure 88: Calibrated model and System Potential 1 (varying point sour ce discharges) 7-day moving aver age of the daily average flow comparison for 2001 for

theWillamette River at RM 187.06
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7-day Moving Average of the Daily Average Flow, m3/s
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Figure 89: Calibrated model and System Potential 1 (varying point sour ce discharges) 7-day moving average of the daily average flow comparison for 2001 for

the McKenzie River at RM 60.39
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Figure90: Calibrated model and System Potential 1 (varying point sour ce discharges) 7-day moving aver age of the daily average flow comparison for 2001 for

the McKenzie River at RM 37.99
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Figure91: Calibrated model and System Potential 1 (varying point sour ce discharges) 7-day moving aver age of the daily average flow comparison for 2001 for

the McKenzie River at RM 9.75

97



7-day Moving Average of the Daily Average Flow, m%s

5/30/01

11

10

6/19/01 7/9/01 7/29/01 8/18/01 9/7/01 9/27/01 10/17/01 11/6/01
[ TR TN T S NN N N S AN SN AN TN N TN N TN N SN N Y AN SO NN SO AR SR SN S

Long Tom River, Model Segment 153, RM 4.64
[F—F—F1 calibrated Model, Run 1
$O— O —< System Potential 1, Run 3, 4, and 5 (No Point Sources

— 71 r 1 - 1 T 71 T 71T 71T 1T 1T 1T " 1T " 1T © T " 1
160 170 180 190 200 210 220 230 240 250 260 270 280 290 300 310
Julian Day

Figure92: Calibrated model and System Potential 1 (varying point sour ce discharges) 7-day moving aver age of the daily average flow comparison for 2001 for

the Long Tom River at RM 4.64
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Figure 93: Calibrated model and System Potential 1 (varying point sour ce discharges) 7-day moving aver age of the daily average flow comparison for 2001 for

theWillamette River at RM 175.3
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Figure94: Calibrated model and System Potential 1 (varying point sour ce dischar ges) 7-day moving aver age of the daily average flow comparison for 2001 for

the Willamette River at RM 161.98

100



7-day Moving Average of the Daily Average Flow, m3/s

5/30/01 6/19/01 7/9/01 7/29/01 8/18/01 9/7/01 9/27/01 10/17/01 11/6/01
050 b1 Lo b b by b by by b by b
Upper Willamette River, Model Segment 239, RM 149.4
[——F—+F] Existing Point Source, Calibrated Model, Run 1
i &— & ——= No Point Sources, System Potential 1, Run 3
A—A—\ Existing Point Sources, System Potential 1, Run 4
200 — Maximum Permitted Point Sources, System Potential 1, Run 5
150 —
100
50 —
0 T I T I T I T I T I T I T I T I T I T I T I T I T I T I T I T I
150 160 170 180 190 200 210 220 230 240 250 260 270 280 290 300 310
Julian Day

Figure 95: Calibrated model and System Potential 1 (varying point sour ce discharges) 7-day moving average of the daily average flow comparison for 2001 for

the Willamette River at RM 149.4
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Figure 96: Calibrated model and System Potential 1 (varying point sour ce discharges) 7-day moving aver age of the daily average flow comparison for 2001 for

the Willamette River at RM 133.0
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Figure97: Calibrated model and System Potential 1 (varying point sour ce discharges) 7-day moving aver age of the daily average flow comparison for 2001 for

the Willamette River at RM 120.11
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Figure 98: Calibrated model and System Potential 1 (varying point sour ce discharges) 7-day moving aver age of the daily average flow comparison for 2001 for

the Willamette River at RM 108.6
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Figure 99: Calibrated model and System Potential 1 (varying point sour ce discharges) 7-day moving aver age of the daily average flow comparison for 2001 for
the Willamette River at RM 84.69
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Figure 100: Calibrated model and System Potential 1 (varying point sour ce dischar ges) 7-day moving aver age of the daily average flow comparison for 2001 for

the Willamette River at RM 55.09

106



7-day Moving Average of the Daily Average Flow, m3/s

5/30/01 6/19/01 7/9/01 7/29/01 8/18/01 9/7/01 9/27/01 10/17/01 11/6/01
00 b—0 L e e e e e e )
i Middle Willamette River, Model Segment 338, RM 35.72
iy [4—-+F——+F] Existing Point Source, Calibrated Model, Run 1
350 R &— O — No Point Sources, System Potential 1, Run 3
"\' Ix—2x—7\ Existing Point Sources, System Potential 1, Run 4
i ------0 Maximum Permitted Point Sources, System Potential 1, Run
300 —
250 — v
200 — . F
150 TG BRgo o ao T, SIS e R
\‘\_ 3 \—\ 2 g\ 7 e
. v M 9\0 \_, \\,/
Q. 0 QO
100 —
50
O T I T I T I T I T I T I T I T I T I T I T I T I T I T I T I T I
150 160 170 180 190 200 210 220 230 240 250 260 270 280 290 300 310
Julian Day

Figure101: Calibrated model and System Potential 1 (varying point sour ce discharges) 7-day moving aver age of the daily aver age flow comparison for 2001 for

the Willamette River at RM 35.72
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Figure102: Calibrated model and System Potential 1 (varying point sour ce dischar ges) 7-day moving aver age of the daily aver age flow comparison for 2001 for

the Clackamas River at RM 22.22

108



7-day Moving Average of the Daily Average Flow, m3/s

5/30/01 6/19/01 7/9/01 7/29/01 8/18/01 9/7/01 9/27/01 10/17/01 11/6/01
60 L l L l L l L l L l L l L l L l L l L l L l L l L l L l L l L |
Clackamas River, Model Segment 117, RM 5.07
T [4+—-+H—+F] Existing Point Source, Calibrated Model, Run 1
O— O —< System Potential 1, Run 3, 4, 5
50
40 —
30
20
10
0 T | T | T | T | T | T | T | T | T | T | T | T | T | T | T | T |
150 160 170 180 190 200 210 220 230 240 250 260 270 280 290 300 310
Julian Day

Figure 103: Calibrated model and System Potential 1 (varying point sour ce discharges) 7-day moving aver age of the daily average flow comparison for 2001 for

the Clackamas River at RM 5.07
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Figure104: Calibrated model and System Potential 1 (varying point sour ce discharges) 7-day moving aver age of the daily average flow comparison for 2001 for

the Willamette River at RM 24.80
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Figure 105: Calibrated model and System Potential 1 (varying point sour ce discharges) 7-day moving aver age of the daily aver age flow comparison for 2001 for
the Willamette River at RM 13.05

111



5/30/01 6/19/01 7/9/01 7/29/01 8/18/01 9/7/01 9/27/01 10/17/01 11/6/01

450 N I NT N NI NI T NN SRR A R NI ST NI NI BRI
4 r \\ Lower Willamette River, Model Segment 85, RM 6.13
N [+——+3+—+] Existing Point Source, Calibrated Model, Run 1
400 3. &— O —=< No Point Sources, System Potential 1, Run 3

o | R A—2A—A Existing Point Sources, System Potential 1, Run 4
E_ 350 ---€3---€ Maximum Permitted Point Sources, System Potential 1, Run
(_;) N
|_|_ -
% ] N
S 300 - n
(O] D
>
< iy |
>
= |
3 250 \ -
o u va i
F= T A R A ‘
"'6 \ = /’ =
o 200 _ L“~‘f@\° : = R 4 « AN, - ,\
g “A gnf«"c N - N " _ g \ / n - o" \' i
C|>_) ] ‘F"’"J ,.‘\ ={' “= = /<> \ ] \
< 150 4 3 K S A N
£ © o
> i
(@]
=
> 100
K
N~ 4

50

O T I T I T I T I T I T I T I T I T I T I T I T I T I T I T I T I
150 160 170 180 190 200 210 220 230 240 250 260 270 280 290 300 310

Julian Day

Figure 106: Calibrated model and System Potential 1 (varying point sour ce dischar ges) 7-day moving aver age of the daily average flow comparison for 2001 for
the Willamette River at RM 6.13
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System Potential 2, 2001

System Potential 2 (ODEQ, 2003) was run for the summer of 2001 for three scenarios with varying
discharges from the large point sources in the Willamette River system. The point sources were
simulated as having no discharge, their current discharge in 2001, and their maximum permitted
discharge. These results were then compared with the results of the calibrated model in a series of time
series plots. There are four types of time series output for each of the 21 locations identified above in
Table2: continuous temperature, continuous flow, the seventday moving average of the daily maximum
temperature, and the seven-day average of daily average flow.

Continuous Temperature
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Figure107: Calibraed model and System Potential 2 (varying point sour ce dischar ges) continuous temper ature

comparison for 2001 for the Coast Fork Willamette River at RM 29.03
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Figure 108: Calibrated model and System Potential 2 (varying point sour ce dischar ges) continuous temper ature
comparison for 2001 for the Coast Fork Willamette River at RM 21.28
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Figure 109: Calibrated model and System Potential 2 (varying point sour ce dischar ges) continuous temper ature

comparison for 2001 for the Coast Fork Willamette River at RM 20.18
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Figure110: Calibrated model and System Potential 2 (varying point sour ce dischar ges) continuous temperature

comparison for 2001 for the Row River at RM 5.51
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Figure11l: Calibrated model and System Potential 2 (varying point sour ce dischar ges) continuoustemperature

comparison for 2001 for the Middle Fork Willamette River at RM 13.95
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Figure112: Calibrated model and System Potential 2 (varying point sour ce dischar ges) continuous temper ature

comparison for 2001 for the Middle Fork Willamette River at RM 11.14
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Figure113: Calibrated model and System Potential 2 (varying point sour ce dischar ges) continuous temper ature

comparison for 2001 for the Fall Creek at RM 6.29
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Figure114: Calibrated model and System Potential 2 (varying point sour ce dischar ges) continuous temper ature

comparison for 2001 for the Willamette River at RM 187.06
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Figure 115: Calibrated model and System Potential 2 (var ying point sour ce dischar ges) continuous temperature

comparison for 2001 for the McKenzie River at RM 60.39
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Figure 116: Calibrated model and System Potential 2 (varying point sour ce dischar ges) continuous temper ature
comparison for 2001 for the McKenzie River at RM 37.99
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Figure117: Calibrated model and System Potential 2 (varying point sour ce dischar ges) continuous temper ature

comparison for 2001 for the McKenzie River at RM 9.75

124



Surface Temperature, C

Surface Temperature, C

28

24 —
20
16
12 — Long Tom River, Model Segment 153, RM 4.64
] Calibrated Model, Run 1
8 T | T | T | T | T | T | T | T | T | T | T | T | T | T | T | T |
150 170 190 210 230 250 270 290 310
Julian Day
28 —
24 —
20 —
16 —
12
- System Potential 2, Run 6, 7, and 8 (No Point Sources)
8 T I T I T I T I T I T I T I T I T I T I T I T I T I T I T I T I
5/30/01 6/19/01  7/9/01  7/29/01 8/18/01  9/7/01 9/27/01 10/17/01 11/6/01

Figure 118: Calibrated model and System Potential 2 (varying point sour ce dischar ges) continuous temperature

comparison for 2001 for the Long Tom River at RM 4.64
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Figure119: Calibrated model and System Potential 2 (varying point sour ce dischar ges) continuous temperature

comparison for 2001 for the Willamette River at RM 175.3
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Figure 120: Calibrated model and System Potential 2 (varying point sour ce dischar ges) continuous temperature

comparison for 2001 for the Willamette River at RM 161.98
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Figure121: Calibrated model and System Potential 2 (varying point sour ce dischar ges) continuous temperature

comparison for 2001 for the Willamette River at RM 149.4
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Figure122: Calibrated model and System Potential 2 (varying point sour ce dischar ges) continuous temperature

comparison for 2001 for the Willamette River at RM 133
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Figure 123: Calibrated model and System Potential 2 (varying point sour ce dischar ges) continuous temper ature

comparison for 2001 for the Willamette River at RM 120.11
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Figure124: Calibrated model and System Potential 2 (varying point sour ce dischar ges) continuous temper ature

comparison for 2001 for the Willamette River at RM 108.6
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Figure 125: Calibrated model and System Potential 2 (varying point sour ce dischar ges) continuous temper ature

comparison for 2001 for the Willamette River at RM 84.69
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Figure 126: Calibrated model and System Potential 2 (varying point sour ce dischar ges) continuous temper ature

comparison for 2001 for the Willamette River at RM 55.09
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Figure127: Calibrated model and System Potential 2 (varying point sour ce discharges) continuous temperature

comparison for 2001 for the Willamette River at RM 35.72
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Figure 128: Calibrated model and System Potential 2 (varying point sour ce dischar ges) continuous temper ature
comparison for 2001 for the Clackamas River at RM 22.22
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Figure 129: Calibrated model and System Potential 2 (varying point sour ce dischar ges) continuous temper ature
comparison for 2001 for the Clackamas River at RM 5.07
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Figure 130: Calibrated model and System Potential 2 (varying point sour ce discharges) continuous temperature
comparison for 2001 for the Willamette River at RM 24.8
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Figure131: Calibrated model and System Potential 2 (varying point sour ce dischar ges) continuous temper ature
comparison for 2001 for the Willamette River at RM 13.05
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Figure 132: Calibrated model and System Potential 2 (varying point sour ce discharges) continuous temperature
comparison for 2001 for the Willamette River at RM 6.13
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Figure 133: Calibrated model and System Potential 2 (varying point sour ce discharges) continuous flow comparison
for 2001 for the Coast Fork Willamette River at RM 29.03
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Figure 134: Calibrated model and System Potential 2 (varying point sour ce discharges) continuous flow comparison

for 2001 for the Coast Fork Willamette River at RM 21.28
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Figure 135: Calibrated model and System Potential 2 (varying point sour ce discharges) continuous flow comparison

for 2001 for the Coast Fork Willamette River at RM 20.18
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Figure 136: Calibrated model and System Potential 2 (varying point sour ce dischar ges) continuous flow comparison
for 2001 for the Row River at RM 5.51
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Figure 137: Calibrated model and System Potential 2 (varying point sour ce discharges) continuous flow comparison

for 2001 for the Middle Fork Willamette River at RM 13.95
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Figure 138: Calibrated model and System Potential 2 (varying point sour ce discharges) continuous flow comparison

for 2001 for the Middle Fork Willamette River at RM 11.14
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Figure 139: Calibraed model and System Potential 2 (varying point sour ce discharges) continuous flow comparison
for 2001 for the Fall Creek at RM 6.29
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Figure 140: Calibrated model and System Potential 2 (varying point sour ce dischar ges) continuous flow comparison

for 2001 for the Willamette River at RM 187.06
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Figure 141: Calibrated model and System Potential 2 (varying point sour ce discharges) continuous flow comparison
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for 2001 for the McK enzie River at RM 60.39
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Figure 142: Calibrated model and System Potential 2 (varying point sour ce discharges) continuous flow comparison

for 2001 for the McKenzie River at RM 37.99
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Figure 143: Calibrated model and System Potential 2 (varying point sour ce dischar ges) continuous flow comparison

for 2001 for the McK enzie River at RM 9.75
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Figure 144: Calibrated model and System Potential 2 (varying point sour ce discharges) continuous flow comparison

for 2001 for the Long Tom River at RM 4.64
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Figure 145: Calibrated model and System Potential 2 (varying point sour ce dischar ges) continuous flow comparison

for 2001 for the Willamette River at RM 175.3
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Figure 146: Calibrated model and System Potential 2 (varying point sour ce discharges) continuous flow comparison

for 2001 for the Willamette River at RM 161.98
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Figure 147: Calibrated model and System Potential 2 (varying point sour ce dischar ges) continuous flow comparison

for 2001 for the Willamette River at RM 149.4
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Figure 148: Calibrated model and System Potential 2 (varying point sour ce dischar ges) continuous flow comparison

for 2001 for the Willamette River at RM 133
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Figure 149: Calibrated model and System Potential 2 (varying point sour ce discharges) continuous flow comparison

for 2001 for the Willamette River at RM 120.11
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Figure 150: Calibrated model and System Potential 2 (varying point sour ce dischar ges) continuous flow comparison

for 2001 for the Willamette River at RM 108.6
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Figure 151: Calibrated model and System Potential 2 (varying point sour ce dischar ges) continuous flow comparison

for 2001 for the Willamette River at RM 84.69
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Figure 152:; Calibrated model and System Potential 2 (varying point sour ce dischar ges) continuous flow comparison

for 2001 for the Willamette River at RM 55.09
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Figure 153: Calibrated model and System Potential 2 (varying point sour ce discharges) continuous flow comparison

for 2001 for the Willamette River at RM 35.72
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Figure 154: Calibrated model and System Potential 2 (varying point sour ce dischar ges) continuous flow comparison
for 2001 for the Clackamas River at RM 22.22
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Figure 155: Calibrated model and System Potential 2 (varying point sour ce dischar ges) continuous flow comparison

for 2001 for the Clackamas River at RM 5.07
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Figure 156: Calibrated model and System Potential 2 (varying point sour ce discharges) continuous flow comparison

for 2001 for the Willamette River at RM 24.8
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Figure157: Calilrated model and System Potential 2 (varying point sour ce dischar ges) continuous flow comparison

for 2001 for the Willamette River at RM 13.05
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Figure 158: Calib

rated model and System Potential 2 (varying point source discharges) continuous flow comparison
for 2001 for the Willamette River at RM 6.13
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Figure 159: Calibraed model and System Potential 2 (varying point source discharges) 7-day moving aver age of the daily maximum temper ature comparison
for 2001 for the Coast Fork Willamette River at RM 29.03
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Figure 160: Calibrated model and System Potential 2 (varying point source dischar ges) 7-day moving aver age of the daily maximum temper ature comparison
for 2001 for the Coast Fork Willamette River at RM 21.28
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Figure161: Calibrated model and System Potential 2 (varying point source discharges) 7-day moving aver age of the daily maximum temper ature comparison

for 2001 for the Coast Fork Willamette River at RM 20.18
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Figure 162: Calibrated model and System Potential 2 (varying point source discharges) 7-day moving aver age of the daily maximum temperature comparison

for 2001 for the Row River at RM 5.51
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Middle Fork Willamette River, Model Segment 263, RM 13.95
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Figure 163: Calibrated model and System Potential 2 (varying point source discharges) 7-day moving aver age of the daily maximum temperature comparison

for 2001 for the Middle Fork Willamette River at RM 13.95
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Figure 164: Calibrated model and System Potential 2 (varying point source dischar ges) 7-day moving aver age of the daily maximum temperature comparison

for 2001 for the Middle Fork Willamette River at RM 11.14
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Calibrated model and System Potential 2 (varying point sour ce discharges) 7-day moving aver age of the daily maximum temper atur e comparison

for 2001 for the Fall Creek at RM 6.29
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Figure 166: Calibraed model and System Potential 2 (varying point source discharges) 7-day moving aver age of the daily maximum temperature comparison
for 2001 for the Willamette River at RM 187.06
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Figure 167: Calibrated model and System Potential 2 (varying point source discharges) 7-day moving aver age of the daily maximum temperature comparison

for 2001 for the McKenzie River at RM 60.39
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Figure 168: Calibrated model and System Potential 2 (varying point sour ce discharges) 7-day moving aver age of the daily maximum temperature comparison

for 2001 for the McKenzie River at RM 37.99
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Figure 169: Calibrated model and System Potential 2 (varying point sour ce discharges) 7-day moving aver age of the dai ly maximum temper atur e comparison
for 2001 for the McKenzie River at RM 9.75
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Figure170: Calibrated model and System Potential 2 (varying point source discharges) 7-day moving aver age of the daily maximum temperature comparison

for 2001 for the Long Tom River at RM 4.64
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Figure171: Calibrated model and System Potential 2 (varying point source dischar ges) 7-day moving aver age of the daily maximum temperature comparison
for 2001 for the Willamette River at RM 175.3
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Upper Willamette River, Model Segment 156, RM 161.98
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Figure 172: Calibrated model and System Potential 2 (varying point sour ce discharges) 7-day moving aver age of the daily maximum temper ature comparison

for 2001 for the Willamette River at RM 161.98
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Figure173: Calibrated model and System Potential 2 (varying point source dischar ges) 7-day moving aver age of the daily maximum temperature comparison

for 2001 for the Willamette River at RM 149.4
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7-day Moving Average of the Daily Maximum Surface Temperature, C

Figure174: Calibrated model and System Potential 2 (varying point source dischar ges) 7-day moving aver age of the daily maximum temperature comparison
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for 2001 for the Willamette River at RM 133
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Figure 175: Calibrated model and System Potential 2 (varying point source discharges) 7-day moving aver age of the daily maximum temperature comparison
for 2001 for the Willamette River at RM 120.11
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Figure176: Calibrated model and System Potential 2 (varying point source dischar ges) 7-day moving aver age of the daily maximum temper atur e comparison

for 2001 for the Willamette River at RM 108.6
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Figure177: Calibrated model and System Potential 2 (varying point source discharges) 7-day moving aver age of the daily maximum temper atur e comparison
for 2001 for the Willamette River at RM 84.69
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Figure 178: Calibrated model and System Potential 2 (varying point source discharges) 7-day moving aver age of the daily maximum temperature comparison

for 2001 for the Willamette River at RM 55.09
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7-day Moving Average of the Daily Maximum Flow-weighted Temperature, C

Figure 179: Calibrated model and System Potential 2 (varying point sour ce discharges) 7-day moving aver age of the daily maximum temper ature comparison
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for 2001 for the Willamette River at RM 35.72
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Figure 180: Calibrated model and System Potential 2 (varying point source discharges) 7-day moving aver age of the daily maximum temperature comparison
for 2001 for the Clackamas River at RM 22.22
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Clackamas River, Model Segment 117, RM 5.07
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Figure 181: Calibrated model and System Potential 2 (varying point sour ce discharges) 7-day moving aver age of the daily maximum temperature comparison

for 2001 for the Clackamas River at RM 5.07
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7-day Moving Average of the Daily Maximum Flow-weighted Temperature, C

5/30/01
24

6/19/01 7/9/01 7/29/01 8/18/01 9/7/01 9/27/01 10/17/01 11/6/01
1 1 I 1 1 I 1 1 I 1 I 1 I 1 1 I 1 I 1 I 1 I 1 I 1 I 1 I

23

22

21

20

19

18 —

17

16

15

14

13

12

11

10

AV

N

B N

Lower Willamette River, Model Segment 6, RM 24.80 3 i\ Ny
[F—-FH—+F] Existing Point Source, Calibrated Model, Run 1 N \g
&G— O ——= No Point Sources, System Potential 2, Run 6
/x—A——7\ Existing Point Sources, System Potential 2, Run 7 N

---€3---£) Maximum Permitted Point Sources, System Potential 2, Run

150

160 170 180 190 200 210 220 230

Julian Day

240 250 260 270 280 290 300 310

Figure 182: Calibrated model and System Potential 2 (varying point source discharges) 7-day moving aver age of the daily maximum temperature comparison

for 2001 for the Willamette River at RM 24.8
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Calibrated model and System Potential 2 (varying point sour ce dischar ges) 7-day moving aver age of the daily maximum temper atur e comparison

for 2001 for the Willamette River at RM 13.05
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7-day Moving Average of the Daily Maximum Flow-weighted Temperature, C
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Figure 184: Calibrated model and System Potential 2 (varying point source discharges) 7-day moving aver age of the daily maximum temperatur e comparison

for 2001 for the Willamette River at RM 6.13
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Daily seven day average flow
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7-day Moving Average of the Daily Average Flow, m3/s
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Figure 185: Calibrated model and System Potential 2 (varying point sour ce dischar ges) 7-day moving aver age of the daily aver age flow comparison for 2001 for

the Coast Fork Willamette River at RM 29.03
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Figure 186: Calibrated model and System Potential 2 (varying point sour ce discharges) 7-day moving aver age of the daily average flow comparison for 2001 for
the Coast Fork Willamette River at RM 21.28
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Figure187: Calibrated model and System Potential 2 (varying point sour ce discharges) 7-day moving aver age of the daily average flow comparison for 2001 for
the Coast Fork Willamette River at RM 20.13
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7-day Moving Average of the Daily Average Flow, m3/s
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Figure 188: Calibrated model and System Potential 2 (varying point sour ce discharges) 7-day moving aver age of the daily aver age flow comparison for 2001 for

the Row River at RM 5.51
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7-day Moving Average of the Daily Average Flow, m¥/s
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Figure 189: Calibrated model and System Potential 2 (varying point sour ce discharges) 7-day moving aver age of the daily average flow comparison for 2001 for

the Middle Fork Willamette River at RM 13.95
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7-day Moving Average of the Daily Average Flow, m3¥/s
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Figure190: Calibrated model and System Potential 2 (varying point sour ce discharges) 7-day moving aver age of the daily aver age flow comparison for 2001 for

the Middle Fork Willamette River at RM 11.14
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7-day Moving Average of the Daily Average Flow, m3/s
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Figure191: Calibrated model and System Potential 2 (varying point sour ce discharges) 7-day moving aver age of the daily aver age flow comparison for 2001 for

the Fall Creek at RM 6.29
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7-day Moving Average of the Daily Average Flow, m3/s
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Willamette River, Model Segment 354, RM 187.06
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Figure192: Calibrated model and System Potential 2 (varying point sour ce discharges) 7-day moving aver age of the daily average flow comparison for 2001 for

theWillamette River at RM 187.06
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Figure 193: Calibrated model and System Potential 2 (varying point sour ce discharges) 7-day moving aver age of the daily aver age flow comparison for 2001 for

the McKenzie River at RM 60.39
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7-day Moving Average of the Daily Average Flow, m3/s

Figure194: Calibrated model and System Potential 2 (varying point sour ce discharges) 7-day moving aver age of the daily average flow comparison for 2001 for
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the McKenzie River at RM 37.99
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7-day Moving Average of the Daily Average Flow, m3/s

Figure 195: Calibrated model and System Potential 2 (varying point sour ce discharges) 7-day moving aver age of the daily average flow comparison for 2001 for
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the McKenzie River at RM 9.75
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7-day Moving Average of the Daily Average Flow, m3/s
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Figure 196: Calibrated model and System Potential 2 (varying point sour ce discharges) 7-day moving aver age of the daily aver age flow comparison for 2001 for

the Long Tom River at RM 4.64
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7-day Moving Average of the Daily Average Flow, m3/s
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Figure197: Calibraed model and System Potential 2 (varying point sour ce discharges) 7-day moving aver age of the daily average flow comparison for 2001 for

the Willamette River at RM 175.3
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7-day Moving Average of the Daily Average Flow, m3/s
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Upper Willamette River, Model Segment 156, RM 161.98
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Figure 198: Calibrated model and System Potential 2 (varying point source discharges) 7-day moving aver age of the daily average flow comparison for 2001 for

the Willamette River at RM 161.98
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Figure199: Calibrated model and System Potential 2 (varying point sour ce discharges) 7-day movi ng aver age of the daily average flow comparison for 2001 for

the Willamette River at RM 149.4
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Figure 200: Calibrated model and System Potential 2 (varying point sour ce discharges) 7-day moving aver age of the daily average flow comparison for 2001 for

the Willamette River at RM 133
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7-day Moving Average of the Daily Average Flow, m3/s
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Figure201: Calibrated model and System Potential 2 (varying point sour ce discharges) 7-day moving aver age of the daily aver age flow comparison for 2001 for

the Willamette River at RM 120.11
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Figure 202: Calibrated model and System Potential 2 (varying point sour ce discharges) 7-day moving aver age of the daily aver age flow comparison for 2001 for

the Willamette River at RM 108.6
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Figure 203: Calibrated model and System Potential 2 (varying point sour ce discharges) 7-day moving aver age of the daily aver age flow comparison for 2001 for
the Willamette River at RM 84.69
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7-day Moving Average of the Daily Average Flow, m3/s

Figure 204: Calibrated model and System Potential 2 (varying point sour ce discharges) 7-day moving aver age of the daily aver age flow comparison for 2001 for
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the Willamette River at RM 55.09
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7-day Moving Average of the Daily Average Flow, m3/s
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Middle Willamette River, Model Segment 338, RM 35.72
iy [4—-+F——+F] Existing Point Source, Calibrated Model, Run 1

R &— O — No Point Sources, System Potential 2, Run 6
Ix—72x—2\ Existing Point Sources, System Potential 2, Run 7
------0 Maximum Permitted Point Sources, System Potential 2, Run

r -~ 1. 1 1 " 1 * 1 " T * 1 * T * 1 * T °* T * T ‘* T °* T ™ 1
160 170 180 190 200 210 220 230 240 250 260 270 280 290 300 310
Julian Day

Figure 205: Calibrated model and System Potential 2 (varying point sour ce dscharges) 7-day moving aver age of the daily aver age flow comparison for 2001 for

the Willamette River at RM 35.72
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Figure 206: Calibrated model and System Potential 2 (varying point sour ce discharges) 7-day moving aver age of the daily aver age flow comparison for 2001 for

the Clackamas River at RM 22.22
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Figure 207: Calibrated model and System Potential 2 (varying point sour ce discharges) 7-day moving aver age of the daily average flow comparison for 2001 for

the Clackamas River at RM 5.07
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Figure 208: Calibrated model and System Potential 2 (varying point sour ce discharges) 7-day moving aver age of the daily average flow comparison for 2001 for
the Willamette River at RM 24.80
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Figure 209: Calibrated model and System Potential 2 (varying point sour ce discharges) 7-day moving aver age of the daily average flow comparison for 2001 for
the Willamette River at RM 13.05
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Figure210: Calitrated model and System Potential 2 (varying point sour ce discharges) 7-day moving aver age of the daily average flow comparison for 2001 for
the Willamette River at RM 6.13
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System Potential 1, 2002

System Potential 1 (ODEQ, 2003) was run for the summer of 2002 for three scenarios with varying
discharges from the large point sources in the Willamette River system. The point sources were
simulated as having no discharge, their current discharge in 2001, and their maximum permitted
discharge. These results were then compared with the results of the calibrated model in a series of time
series plots. There are four types of time series output for each of the 21 locations identified above in
Table 2: continuous temperature, continuous flow, the sevenday moving average of the daily maximum
temperature, and the seven-day average of daily average flow.

Continuous Temperature
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Figure211: Calibrated model and System Potential 1 (varying point source discharges) continuous temperature

comparison for 2002 for the Coast Fork Willamette River at RM 29.03
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Figure212: Calibrated model and System Potential 1 (varying point sour ce discharges) continuous temperature

comparison for 2002 for the Coast Fork Willamette River at RM 21.28
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Figure213: Calibrated model and System Potential 1 (varying point sour ce discharges) continuous temperature

comparison for 2002 for the Coast Fork Willamette River at RM 20.18
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Figure214: Calibrated model and System Potential 1 (varying point sour ce discharges) continuous temperature

comparison for 2002 for the Row River at RM 5.51
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Figure 215: Calibrated model and System Potential 1 (varying point source discharges) continuous temper ature
comparison for 2002 for the Middle Fork Willamette River at RM 13.95
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Figure 216: Calibrated model and System Potential 1 (varying point sour ce dischar ges) continuous temper ature

comparison for 2002 for the Middle Fork Willamette River at RM 11.14
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Figure217: Calibrated model and System Potential 1 (varying point sour ce dischar ges) continuous temper ature
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comparison for 2002 for the Fall Creek at RM 6.29
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Figure 218: Calibrated model and System Potential 1 (varying point sour ce dischar ges) continuous temper ature

comparison for 2002 for the Willamette River at RM 187.06
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Figure 219: Calibrated model and System Potential 1 (varying point sour ce dischar ges) continuous temper ature

comparison for 2002 for the McKenzie River at RM 60.39
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Figure 220: Calibrated model and System Potential 1 (varying point sour ce dischar ges) continuous temperature

comparison for 2002 for the McKenzie River at RM 37.99
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Figure221: Calibrated model and System Potential 1 (varying point sour ce discharges) continuous temperature

comparison for 2002 for the McKenzie River at RM 9.75
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Figure 222: Calibrated model and System Potential 1 (varying point sour ce dischar ges) continuous temperature

comparison for 2002 for the Long Tom River at RM 4.64
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Upper Willamette River, Model Segment 68, RM 175.3
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Figure 223: Calibrated model and System Paential 1 (varying point sour ce dischar ges) continuous temper ature

comparison for 2002 for the Willamette River at RM 175.3
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Figure 224: Calibrated model and System Potential 1 (varying point sour ce dischar ges) continuous temperature
comparison for 2002 for the Willamette River at RM 161.98
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Figure 225: Calibrated model and System Potential 1 (varying point sour ce discharges) continuous temperature

comparison for 2002 for the Willamette River at RM 149.4
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Figure 226: Calibrated model and System Potential 1 (varying point sour ce discharges) continuous temper ature

comparison for 2002 for the Willamette River at RM 133
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Figure227: Calibrated model and System Potential 1 (varying point sour ce dischar ges) continuous temperature

comparison for 2002 for the Willamette River at RM 120.11
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Figure 228: Calibrated model and System Potential 1 (varying point sour ce discharges) continuous temper ature

comparison for 2002 for the Willamette River at RM 108.6
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Figure 229: Calibrated model and System Potential 1 (varying point sour ce dischar ges) continuous temperature

comparison for 2002 for the Willamette River at RM 84.69
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Figure 230: Calibrated model and System Potential 1 (varying point sour ce discharges) continuous temperature
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comparison for 2002 for the Willamette River at RM 55.09
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Figure231: Calibrated model and System Potential 1 (varying point sour ce dischar ges) continuous temperature

comparison for 2002 for the Willamette River at RM 35.72

242



24 —

({ - Clackamas River, Model Segment 2, RM 22.22
2 20
)
*§ _
16
E _
2 12
] i
[&]
£ 8+
5’, - Existing Point Sources, Calibrated Model, Run 2

4 T I T I T I T I T I T I T I T I T I T I T I

90 110 130 150 170 190 210 230 250 270 290 310

24 — Julian Day
o 4
@ 20
>
*§ _
Q16
E -
Q12
[¢] i
[&]
£ 8-
a i System Potential 1, Run 9, 10, 11

4 T T I T I T I T I T I T I T I T I T I T I

3/31/02 5/10/02 6/19/02 7/29/02 9/7/02 10/17/02

Figure232: Calibrated model and System Potential 1 (varying point sour ce dischar ges) continuoustemperature
comparison for 2002 for the Clackamas River at RM 22.22
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Figure 233: Calibrated model and System Potential 1 (varying point sour ce dischar ges) continuous temperature

comparison for 2002 for the Clackamas River at RM 5.07
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Figure 234: Calibrated model and System Potential 1 (varying point sour ce dischar ges) continuous temper ature

comparison for 2002 for the Willamette River at RM 24.8
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Figure 235: Calibrated model and System Potential 1 (varying point sour ce dischar ges) continuous temperature
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comparison for 2002 for the Willamette River at RM 13.05
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Figure 236: Calibrated model and System Potential 1 (varying point sour ce dischar ges) continuoustemperature

comparison for 2002 for the Willamette River at RM 6.13
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Coast Fork Willamette River, Model Segment 4, RM 29.03
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Figure237: Calibrated model and System Potential 1 (varying point sour ce dischar ges) continuous flow comparison

for 2002 for the Coast Fork Willamette River at RM 29.03
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Coast Fork Willamette River, Model Segment 51, RM 21.28
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Figure 238: Calibrated model and System Potential 1 (varying point sour ce discharges) continuous flow comparison

for 2002 for the Coast Fork Willamette River at RM 21.28
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Figure 239: Calibrated model and System Potential 1 (varying point sour ce discharges) continuous flow comparison

for 2002 for the Coast Fork Willamette River at RM 20.18
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Figure 240: Calibrated model and System Potential 1 (varying point sour ce dischar ges) continuous flow comparison

for 2002 for the Row River at RM 5.51
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Middle Fork Willamette River, Model Segment 263, RM 13.95
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Figure241: Calibrated model and System Potential 1 (varying point sour ce discharges) continuous flow comparison

for 2002 for the Middle Fork Willamette River at RM 13.95
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Figure 242: Calibrated model and System Potential 1 (varying point sour ce discharges) continuous flow comparison

for 2002 for the Middle Fork Willamette River at RM 11.14
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Figure 243: Calibrated model and System Potential 1 (varying point sour ce discharges) continuous flow comparison
for 2002 for the Fall Creek at RM 6.29
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Willamette River, Model Segment 354, RM 187.06
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Figure244: Calibrated model and System Potential 1 (varying point source dischar ges) continuous flow comparison

for 2002 for the Willamette River at RM 187.06
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Figure 245: Calibrated model and System Potential 1 (varying point sour ce discharges) continuous flow comparison

for 2002 for the McKenzie River at RM 60.39
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Figure 246: Calibrated model and System Potential 1 (varying point sour ce discharges) continuous flow comparison

for 2002 for the McKenzie River at RM 37.99
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Figure 247: Calibrated model and System Potential 1 (varying point sour ce discharges) continuous flow comparison
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for 2002 for the McKenzie River at RM 9.75
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Figure 248: Calibrated model and System Potential 1 (varying point sour ce dischar ges) continuous flow comparison

for 2002 for the Long Tom River at RM 4.64
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Figure 249: Calibrated model and System Potential 1 (varying point sour ce discharges) continuous flow comparison

for 2002 for the Willamette River at RM 175.3
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Upper Willamette River, Model Segment 156, RM 161.98
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Figure 250: Calibrated model and System Potential 1 (varying point sour ce dischar ges) continuous flow comparison

for 2002 for the Willamette River at RM 161.98
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Figure251: Calibrated model and System Potential 1 (varying point sour ce dischar ges) continuous flow comparison

for 2002 for the Willamette River at RM 149.4
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Upper Willamette River, Model Segment 342, RM 133.00
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Figure 252:; Calibrated model and System Potential 1 (varying point sour ce discharges) continuous flow comparison

for 2002 for the Willamette River at RM 133
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Upper Willamette River, Model Segment 433, RM 120.11
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Figure 253: Calibrated model and System Potential 1 (varying point sour ce discharges) continuous flow comparison

for 2002 for the Willamette River at RM 120.11
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Upper Willamette River, Model Segment 508, RM 108.60

Existing Point Sources, Calibrated Model, Run 2

170 190 210

Julian Day

230 250

No Point Sources, System Potential 1, Run 9

Existing Point Sources, System Potential 1, Run 10

Maximum Permitted Point Sources, System Potential 1, Run 11

I ' ' I ' ' I ' ' I ' I ' I ' |
5/10/02 6/19/02 7/29/02 9/7/02 10/17/02

Figure 254: Calibr ated model and System Potential 1 (varying point sour ce discharges) continuous flow comparison

for 2002 for the Willamette River at RM 108.6
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Figure 255: Calibrated model and System Potential 1 (varying point sour ce discharges) continuous flow comparison
for 2002 for the Willamette River at RM 84.69
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Figure 256: Calibrated model and System Potential 1 (varying point sour ce discharges) continuous flow comparison

for 2002 for the Willamette River at RM 55.09
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Middle Willamette River, Model Segment 338, RM 35.72
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Figure 257: Calibrated model and System Potential 1 (varying point sour ce discharges) continuous flow comparison

for 2002 for the Willamette River at RM 35.72
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Figure 258: Calibrated model and System Pdential 1 (varying point sour ce discharges) continuous flow comparison
for 2002 for the Clackamas River at RM 22.22
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Figure 259: Calibrated model and System Potential 1 (varying point sour ce dischar ges) continuous flow comparison

for 2002 for the Clackamas River at RM 5.07
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Figure 260: Calibrated model and System Potential 1 (varying point sour ce discharges) continuous flow comparison

for 2002 for the Willamette River at RM 24.8
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Figure261: Calibrated model and System Potential 1 (varying point sour ce discharges) continuous flow comparison

for 2002 for the Willamette River at RM 13.05
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Figure 262: Calibrated model and System Potential 1 (varying point sour ce dischar ges) continuous flow comparison

for 2002 for the Willamette River at RM 6.13

274



Daily seven day moving average of daily maximum temperature

275



3/31/02

23

22

21

20

19

18

17

16

15

14

13

12

11

10

7-day Moving Average of the Daily Maximum Surface Temperature, C
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Calibrated model and System Potential 1 (varying point source discharges) 7-day moving aver age of the daily maximum temper atur e comparison
for 2002 for the Coast Fork Willamette River at RM 29.03
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Figure 264: Calibrated model and System Potential 1 (varying point source discharges) 7-day moving aver age of the daily maximum temper atur e comparison

for 2002 for the Coast Fork Willamette River at RM 21.28

277



3/31/02

23

22

21

20

19

18

17

16

15

14

13

12

11

10

7-day Moving Average of the Daily Maximum Surface Temperature, C

Figure 265:
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Coast Fork Willamette River, Model Segment57, RM 20.18
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Calibrated model and System Potential 1 (varying point sour ce discharges) 7-day moving aver age of the daily maximum temper ature comparison
for 2002 for the Coast Fork Willamette River at RM 20.18
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Figure 266:

P Row River, Model Segment 206, RM 5.51
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Calibrated model and System Potential 1 (varying point sour ce discharges) 7-day moving aver age of the daily maximum temper atur e comparison
for 2002 for the Row River at RM 5.51
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7-day Moving Average of the Daily Maximum Surface Temperature, C

Figure267:
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Middle Fork Willamette River, Model Segment 263, RM 13.95
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Calibrated model and System Potential 1 (varying point sour ce discharges) 7-day moving aver age of the daily maximum temper atur e comparison
for 2002 for the Middle Fork Willamette River at RM 13.95
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7-day Moving Average of the Daily Maximum Surface Temperature, C
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Middle Fork Willamette River, Model Segment 283, RM 11.14
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- |©&— O —=> No Point Sources, System Potential 1, Run 9

71 |A—A—7A Existing Point Sources, System Potential 1, Run 10
-—-£3---C) Maximum Permitted Point Sources, System Potential 1, Run 1

LI L L L L L L L R L L L L L L L L L L R
90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250 260 270 280 290 300 310
Julian Day

Figure 268: Calibrated model and System Potential 1 (varying point source discharges) 7-day moving aver age of the daily maximum temperature comparison

for 2002 for the Middle Fork Willamette River at RM 11.14
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7-day Moving Average of the Daily Maximum Surface Temperature, C
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Figure 269: Calibrated model and System Potential 1 (varying point sour ce discharges) 7-day moving aver age of the daily maximum temper atur e comparison

for 2002 for Fall Creek at RM 6.29
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Figure 270: Calibrated model and System Potential 1 (varying point source discharges) 7-day moving aver age of the daily maximum temperature comparison

for 2002 for the Willamette River at RM 187.06

283



7-day Moving Average of the Daily Maximum Surface Temperature, C

3/31/02

24
23
22
21
20
19
18
17
16
15
14
13
12
11
10

A 01O N 00 ©

4/20/02  5/10/02 5/30/02  6/19/02 7/9/02 7/29/02  8/18/02 9/7/02 9/27/02 10/17/02 11/6/02
A T T O T I T I [N A NSO AN AT NI T (I EI B

McKenzie River, Model Segment 4, RM 60.39
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Figure271: Calibrated model and System Potential 1 (varying point source discharges) 7-day moving aver age of the daily maximum temperature comparison

for 2002 for the McKenzie River at RM 60.39
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Figure272:; Calibrated model and System Potential 1 (varying point sour ce discharges) 7-day moving aver age of the daily maximum temperature comparison

for 2002 for the McKenzie River at RM 37.99
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McKenzie River, Model Segment 337, RM 9.75
[—+H—F]1 Existing Point Sources, Calibrated Model, Run 2

&— <O ——C No Point Sources, System Potential 1, Run 9
I—2A—2\ Existing Point Sources, System Potential 1, Run 10
-—-£3---6) Maximum Permitted Point Sources, System Potential 1, Run 1

rr~r1 41 -+ 1~ r+~r+ 1 1+ r~rr~ 1777ty r 77T rTT T
90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250 260 270 280 290 300 310
Julian Day

Figure273: Calibrated model and System Potential 1 (varying point source discharges) 7-day moving aver age of the daily maximum temper atur e comparison

for 2002 for the McKenzie River at RM 9.75
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Figure 274: Calibrated model and System Potential 1 (varying point sour ce discharges) 7-day moving aver age of the daily maximum temper ature comparison

for 2002 for the Long Tom River at RM 4.64
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Upper Willamette River, Model Segment 68, RM 175.3
[(——F3F—~FE] Existing Point Source, Calibrated Model, Run 2
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Figure 275: Calibrated model and System Potential 1 (varying point source discharges) 7-day moving aver age of the daily maximum temperature comparison

for 2002 for the Willamette River at RM 175.3
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Upper Willamette River, Model Segment 156, RM 161.98
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Figure 276: Calibrated model and System Potential 1 (varying point source discharges) 7-day moving aver age of the daily maximum temperature comparison

for 2002 for the Willamette River at RM 161.98
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Upper Willamette River, Model Segment 239, RM 149.40
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Figure277: Calibrated model and System Potential 1 (varying point source discharges) 7-day moving aver age of the daily maximum temperature comparison

for 2002 for the Willamette River at RM 149.40

290



7-day Moving Average of the Daily Maximum Surface Temperature, C

3/31/02

24

23

22

21

20

19

18

17

16

15

14

13

12

11

10

4/20/02  5/10/02 5/30/02 6/19/02  7/9/02  7/29/02  8/18/02  9/7/02  9/27/02 10/17/02 11/6/02
ol b b e e b b e e e b e b b b e b b b by ]

Vi Upper Willamette River, Model Segment 342, RM 133.00
- % : [F——FH—-F1 Existing Point Source, Calibrated Model, Run 2
1 YA <O— O —< No Point Sources, System Potential 1, Run 9
i A—2A—A\ Existing Point Sources, System Potential 1, Run 10
_ Maximum Permitted Point Sources, System Potential 1, Run 1

L e e e e L L L L
90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250 260 270 280 290 300 310
Julian Day

Figure278: Calibrated model and System Potential 1 (varying point sour ce discharges) 7-day moving average of the daily maximum temperature comparison

for 2002 for the Willamette River at RM 133
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Upper Willamette River, Model Segment 433, RM 120.11
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Figure279: Calibrated model and System Potential 1 (varying point sour ce discharges) 7-day moving average of the daily maximum temperature comparison

for 2002 for the Willamette River at RM 120.11
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Figure 280: Calibrated model and System Potential 1 (varying point source di schar ges) 7-day moving aver age of the daily maximum temperature comparison
for 2002 for the Willamette River at RM 108.6
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Figure281: Calibrated model and System Potential 1 (varying point source dischar ges) 7-day moving aver age of the daily maximum temper ature comparison
for 2002 for the Willamette River at RM 84.69
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Figure 282: Calibrated model and System Potential 1 (varying point source discharges) 7-day moving aver age of the daily maximum temper atur e comparison

for 2002 for the Willamette River at RM 55.09
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Figure 283: Calibrated model and System Potential 1 (varying point source discharges) 7-day moving aver age of the daily maximum temperature comparison
for 2002 for the Willamette River at RM 35.72
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Figure284: Calibrated model and System Potential 1 (varying point sour ce discharges) 7-day moving aver age of the daily maximum temperature comparison

for 2002 for the Clackamas River at RM 22.22
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Figure 285: Calibrated model and System Potential 1 (varying point source discharges) 7-day moving aver age of the daily maximum temperature comparison
for 2002 for the Clackamas River at RM 5.07
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Figure 286: Calibrated model and System Potential 1 (varying point source discharges) 7-day moving aver age of the daily maximum temperature comparison

for 2002 for the Willamette River at RM 24.8
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Figure 287: Calibrated model and System Potential 1 (varying point source discharges) 7-day moving aver age of the daily maximum temperature comparison

for 2002 for the Willamette River at RM 13.05
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Figure 288: Calibrated model and System Potential 1 (varying point sour ce discharges) 7-day moving aver age of the daily maximum temperature comparison

for 2002 for the Willamette River at RM 6.13
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Figure 289: Calibrated model and System Potential 1 (varying point sour ce dischar ges) 7-day moving aver age of the daily aver age flow comparison for 2002 for

the Coast Fork Willamette River at RM 29.03
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Calibrated model and System Potential 1 (varying point source discharges) 7-day moving aver age of the daily aver age flow comparison for 2002 for
the Coast Fork Willamette River at RM 21.28
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Figure291: Calibrated model and System Potential 1 (varying point sour ce discharges) 7-day moving aver age of the daily aver age flow comparison for 2002 for

the Coast Fork Willamette River at RM 20.18
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Figure292: Calibrated model and System Potential 1 (varying point sour ce discharges) 7-day moving aver age of the daily aver age flow comparison for 2002 for

the Row River at RM 5.51
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Figure 293: Calibrated model and System Potential 1 (varying point sour ce discharges) 7-day moving aver age of the daily aver age flow comparison for 2002 for

the Middle Fork Willamette River at RM 13.95
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Figure294: Calibrated model and System Potential 1 (varying point sour ce discharges) 7-day moving average of the daily average flow comparison for 2002 for

the Middle Fork Willamette River at RM 11.14

308



3/31/02

50

45

40

35

30

25

20

15

10

7-day Moving Average of the Daily Average Flow, m3¥s

Figure 295:

4/20/02

5/10/02 5/30/02  6/19/02 7/9/02 7/29/02  8/18/02 9/7/02 9/27/02 10/17/02 11/6/02
o e e e ey ey e e e b ey ey e b by ey oy oy

- \A

D
— n

Fall Creek, Model Segment 363, RM 6.29
[+—+F—-+F1 Existing Point Sources, Calibrated Model, Run 2
&— O ——C No Point Sources, System Potential 1, Run 9
/A—A—A\ Existing Point Sources, System Potential 1, Run 10
---£3---6) Maximum Permitted Point Sources, System Potential 1, Run 1

1
[/]

[

1]
T
v

)

90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250 260 270 280 290 300 310

Julian Day

Calibrated model and System Potential 1 (varying point source discharges) 7-day moving aver age of the daily aver age flow comparison for 2002 for

Fall Creek at RM 6.29
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7-day Moving Average of the Daily Average Flow, m3/s
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Figure296: Calibrated model and System Potential 1 (varying point sour ce discharges) 7-day moving aver age of the daily average flow comparison for 2002 for

theWillamette River at RM 187.06
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Figure297: Calibrated model and System Potential 1 (varying point source discharges) 7-day moving aver age of the daily aver age flow comparison for 2002 for
the McKenzie River at RM 60.39
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Figure 298: Calibrated model and System Potential 1 (varying point source discharges) 7-day moving aver age of the daily aver age flow comparison for 2002 for

the McKenzie River at RM 37.99
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Figure 299: Calibrated model and System Potential 1 (varying point sour ce discharges) 7-day moving aver age of the daily aver age flow comparison for 2002 for

the McKenzie River at RM 9.75
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Figure 300: Calibrated model and System Potential 1 (varying point sour ce discharges) 7-day moving aver age of the daily aver age flow comparison for 2002 for

the Long Tom River at RM 4.64
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Figure 301: Calibrated model and System Potential 1 (varying point sour ce discharges) 7-day moving aver age of the daily average flow comparison for 2002 for

the Willamette River at RM 175.3
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Figure 302: Calibrated model and System Potential 1 (varying point sour ce discharges) 7-day moving aver age of the daily average flow comparison for 2002 for

the Willamette River at RM 161.98
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Figure 303: Calibrated model and System Potential 1 (varying point source discharges) 7-day moving aver age of the daily average flow comparison for 2002 for

the Willamette River at RM 149.4
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Figure 304: Calibrated model and System Potential 1 (varying point sour ce discharges) 7-day moving aver age of the daily average flow comparison for 2002 for

the Willamette River at RM 133
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Figure 305: Calibrated model and System Potential 1 (varying point sour ce dischar ges) 7-day moving aver age of the daily average flow comparison for 2002 for

theWillamette River at RM 120.11
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Figure 306: Calibrated model and System Potential 1 (varying point sour ce discharges) 7-day moving aver age of the daily average flow comparison for 2002 for

the Willamette River at RM 108.6
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Figure 307: Calibrated model and System Potential 1 (varying point sour ce discharges) 7-day moving aver age of the daily average flow comparison for 2002 for

the Willamette River at RM 84.69
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Figure 308: Calibrated model and System Potential 1 (varying point sour ce discharges) 7-day moving aver age of the daily average flow comparison for 2002 for

the Willamette River at RM 55.09
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Figure 309: Calibrated model and System Potential 1 (varying point source discharges) 7-day moving aver age of the daily average flow comparison for 2002 for

the Willamette River at RM 35.72
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Figure 310: Calibrated model and System Potential 1 (varying point sour ce discharges) 7-day moving aver age of the daily average flow comparison for 2002 for

the Clackamas River at RM 22.22
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Figure311: Calibrated model and System Potential 1 (varying point sour ce dischar ges) 7-day moving average of the daily aver age flow compar ison for 2002 for

the Clackamas River at RM 5.07
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Figure 312: Calibrated model and System Potential 1 (varying point sour ce discharges) 7-day moving aver age of the daily average flow comparison for 2002 for

the Willamette River at RM 24.8
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Figure 313: Calibrated model and System Potential 1 (varying point sour ce discharges) 7-day moving aver age of the daily average flow comparison for 2002 for

the Willamette River at RM 13.05
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Figure 314: Calibrated model and System Potential 1 (varying point sour ce discharges) 7-day moving aver age of the daily average flow comparison for 2002 for

the Willamette River at RM 6.13
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System Potential 2, 2002

System Potential 2 (ODEQ, 2003) was run for the summer of 2002 for three scenarios with varying
discharges from the large point sources in the Willamette River system. The point sources were
simulated as having no discharge, their current discharge in 2001, and their maximum permitted
discharge. These results were then compared with the results of the calibrated model in a series of time
series plots. There are four types of time series output for each of the 21 locations identified above in
Table 2: continuous temperature, continuous flow, the severtday moving average of the daily maximum
temperature, and the sevenday average of daily average flow.

Continuous Temperature
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Figure 315: Calibrated model and System Potential 2 (varying point sour ce discharges) continuous temperature

comparison for 2002 for the Coast Fork Willamette River at RM 29.03
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Figure 316: Calibrated model and System Potential 2 (varying point sour ce dischar ges) continuous temper ature
comparison for 2002 for the Coast Fork Willamette River at RM 21.28
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Figure317: Calibrated model and System Potential 2 (varying point sour ce dischar ges) continuous temper ature

I ' I ' I ' I ' I ' I ' I ' I ' I ' I ' |
5/10/02 6/19/02 7/29/02 9/7/02 10/17/02

comparison for 2002 for the Coast Fork Willamette River at RM 20.18
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Figure 318: Calibrated model and System Potential 2 (varying point sour ce dischar ges) continuous temperature

comparison for 2002 for the Row River at RM 5.51
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Figure 319: Calibrated model and System Potential 2 (varying point sour ce dischar ges) continuous temper ature

comparison for 2002 for the Middle Fork Willamette River at RM 13.95
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Figure 320: Calibrated model and System Potential 2 (varying point sour ce dischar ges) continuous temperature

comparison for 2002 for the Middle Fork Willamette River at RM 11.14
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Figure 321: Calibrated model and System Potential 2 (varying point sour ce dischar ges) continuous temperaure
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comparison for 2002 for Fall Creek at RM 6.29
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Figure 322: Calibrated model and System Potential 2 (varying point sour ce dischar ges) continuous temper ature

comparison for 2002 for the Willamette River at RM 187.06
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Figure 323: Calibrated model and System Potential 2 (varying point sour ce dischar ges) continuous temper ature
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comparison for 2002 for the McKenzie River at RM 60.39
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Figure 324: Calibrated model and System Potential 2 (varying point sour ce dischar ges) continuoustemperature
comparison for 2002 for the McKenzie River at RM 37.99
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Figure 325: Calibrated model and System Potential 2 (varying point sour ce dischar ges) continuous temper ature
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comparison for 2002 for the McKenzie River at RM 9.75

340



30

L{ i

L 25 4

=)

z J

20

E .

L 15

[¢D] i

E 10 - Long Tom River, Model Segment 153, RM 4.64

@ T Calibrated Model, Run 2
5 T | T | T | T | T | T | T | T | T | T | T |

90 110 130 150 170 190 210 230 250 270 290 310

28 — Julian Day

L{ i

L 24 4

2 J

o

Q20

E -

2 16

(O] i

(&)

& 12 -

=

2 8 i System Potential 2, Run 12, 13, and 14 (No Point Sources)

T T I T I T I T I T I T I T I T I T I T I

3/31/02 5/10/02 6/19/02 7/29/02 9/7/02 10/17/02

Figure 326: Calibrated model and System Potential 2 (varying point sour ce dischar ges) continuous temper ature
comparison for 2002 for the Long Tom River at RM 4.64
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Figure 327: Calibrated model and System Potential 2 (varying point sour ce dischar ges) continuous temper ature

comparison for 2002 for the Willamette River at RM 175.3
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Figure 328: Calibrated model and System Potential 2 (varying point sour ce dischar ges) continuous temperature
comparison for 2002 for the Willamette River at RM 161.98
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Figure 329: Calibrated model and System Potential 2 (varying point sour ce dischar ges) continuous temperature
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comparison for 2002 for the Willamette River at RM 149.4
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Figure 330: Calibrated model and System Potential 2 (varying point sour ce dischar ges) continuous temper ature

comparison for 2002 for the Willamette River at RM 133
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Figure 331: Calibrated model and System Potential 2 (varying point sour ce discharges) continuous temperature

comparison for 2002 for the Willamette River at RM 120.11
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Figure 332: Calibrated model and System Potential 2 (varying point sour ce discharges) continuoustemperature
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comparison for 2002 for the Willamette River at RM 108.6
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Middle Willamette River, Model Segment 4, RM 84.69
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Figure 333: Calibrated model and System Potential 2 (varying point sour ce dischar ges) continuous temper ature

comparison for 2002 for the Willamette River at RM 84.69
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Figure 334: Calibrated model and System Potential 2 (varying point sour ce dischar ges) continuous temper ature

comparison for 2002 for the Willamette River at RM 55.09
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Figure 335: Calibrated model and System Potential 2 (varying point sour ce dischar ges) continuous temper ature

comparison for 2002 for the Willamette River at RM 35.72
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Figure 336: Calibrated model and System Potential 2 (varying point sour ce discharges) continuoustemperature

comparison for 2002 for the Clackamas River at RM 22.22

351



Surface Temperature, C

Surface Temperature, C

24

Clackamas River, Mode

egment 117, RM 5.07

20
16
12

8

Existing Point Sources, Calibrated Model, Run 2
4 T | T | T | T | T | T | T | T | T | T | T |
110 130 150 170 190 210 230 250 270 290 310

24 Julian Day
20
16
12

8

System Potential 2, Run 12, 13, 14
4 T T I T I T I T I T I T I T I T I T I T I
3/31/02 5/10/02 6/19/02 7/29/02 9/7/02 10/17/02

Figure 337: Calibrated model and System Potential 2 (varying point sour ce dischar ges) continuous temper ature
comparison for 2002 for the Clackamas River at RM 5.07
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Lower Willamette River, Model Segment 6, RM 24.80
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Figure 338: Calibrated model and System Potential 2 (varying point sour ce dischar ges) continuous temper ature

comparison for 2002 for the Willamette River at RM 24.8
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Lower Willamette River, Model Segment 64, RM 13.05
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Figure 339: Calibrated model and System Potential 2 (varying point sour ce dischar ges) continuous temperature

comparison for 2002 for the Willamette River at RM 13.05
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Lower Willamette River, Model Segment 85, RM 6.13

Existing Point Sources, Calibrated Model, Run 2

"t T 1t 1t 1 " 1 " 1 " 1 " T * 1
110 130 150 170 190 210 230 250 270 290 310
Julian Day

No Point Sources, System Potential 2, Run 12

I ' I ' I ' I ' I ' I ' I ' I ' I ' I ' |
130 150 170 190 210 230 250 270 290 310

Existing Point Sources, System Potential 2, Run 13

I ' I ' I ' I ' I ' I ' I ' I ' I ' I ' |
110 130 150 170 190 210 230 250 270 290 310

Maximum Permitted Point Sources, System Potential 2, Run 14

' I ' I ' I ' I ' I ' I ' I ' I ' I ' |
5/10/02 6/19/02 7/29/02 9/7/02 10/17/02

Figure 340: Calibrated model and System Potential 2 (varying point sour ce discharges) continuoustemperature

comparison for 2002 for the Willamette River at RM 6.13

355



Continuous Flow

356



Continuous flow, m3/s Continuous flow, m3/s

Continuous flow, m3/s

Continuous flow, m3/s

50

. Coast Fork Willamette River, Model Segment 4, RM 29.03
40 —
. Existing Point Sources, Calibrated Model, Run 2
30 —
20 —
10 - l\
15 — Ty
0 T I T I T I T I T I T I T I T I T I T I T I
90 110 130 150 170 190 210 230 250 270 290 310
Julian Day
50 —
40 i No Point Sources, System Potential 2, Run 12
30 —
20 —
10 —
] r Y} —
0 T I T I T I T I T I T I T I T I T I T I T I
90 110 130 150 170 190 210 230 250 270 290 310
50 —
T Existing Point Sources, System Potential 2, Run 13
40 —
30 —
20 —
10 —
] S Y} —
O T I T I T I T I T I T I T I T I T I T I T I
90 110 130 150 170 190 210 230 250 270 290 310
50 —
y Maximum Permitted Point Sources, System Potential 2, Run 14
40 —
30
20 —
10 —
] 7 ) — .
0 T T I T T I T I T I T T I T I T I T I
3/31/02 5/10/02 6/19/02 7/29/02 9/7/02 10/17/02

Figure 341: Calibrated model and System Potential 2 (varying point sour ce discharges) continuous flow comparison

for 2002 for the Coast Fork Willamette River at RM 29.03
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Figure 342: Calibrated model and System Potential 2 (varying point sour ce discharges) continuous flow comparison

for 2002 for the Coast Fork Willamette River at RM 21.28
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Figure 343: Calibrated model and System Potential 2 (varying point sour ce discharges) continuous flow comparison
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for 2002 for the Coast Fork Willamette River at RM 20.18
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Row River, Model Segment 206, RM 5.51
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Figure 344: Calibrated model and System Potential 2 (varying point sour ce discharges) continuous flow comparison

for 2002 for the Row River at RM 5.51
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Middle Fork Willamette River, Model Segment 263, RM 13.95
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Figure 345: Calibrated model and System Potential 2 (varying point sour ce dischar ges) continuous flow comparison

for 2002 for the Middle Fork Willamette River at RM 13.95

361



Continuous flow, m3/s Continuous flow, m3/s Continuous flow, m3/s

Continuous flow, m3/s

320
280
240
200
160
120

80

40

320
280
240
200
160
120

80

40

320
280
240
200
160
120

80

40

320
280
240
200
160
120
80
40
0

3/31/02

Middle Fork Willamette River, Model Segment 283, RM 11.14
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Figure 346: Calibrated model and System Potential 2 (varying point sour ce discharges) continuous flow comparison

for 2002 for the Middle Fork Willamette River at RM 11.14
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Figure 347: Calibrated model and System Potential 2 (varying point sour ce discharges) continuous flow comparison
for 2002 for Fall Creek at RM 6.29
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Figure 348: Calibrated model and System Potential 2 (varying point sour ce discharges) continuous flow comparison

for 2002 for the Willamette River at RM 187.06
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Figure 349: Calibrated model and System Potential 2 (varying point sour ce dischar ges) continuous flow comparison
for 2002 for the McKenzie River at RM 60.39
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McKenzie River, Model Segment 150, RM 37.99
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Figure 350: Calibrated model and System Potential 2 (varying point sour ce dischar ges) continuous flow comparison

for 2002 for the McK enzie River at RM 37.99
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Figure 351: Calibrated model and System Potential 2 (varying point sour ce discharges) continuous flow comparison

for 2002 for the McKenzie River at RM 9.75
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Figure 352: Calibrated model and System Potential 2 (varying point sour ce discharges) continuous flow comparison

for 2002 for the Long Tom River at RM 4.64
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Figure 353: Calibrated model and System Potential 2 (varying point sour ce discharges) continuous flow comparison

for 2002 for the Willamette River at RM 175.3
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Figure 354: Calibrated model and System Potential 2 (varying point sour ce discharges) continuous flow comparison

for 2002 for the Willamette River at RM 161.98
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Figure 355: Calibrated model and System Potential 2 (varying point sour ce dischar ges) continuous flow comparison

for 2002 for the Willamette River at RM 149.4
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Figure 356: Calibrated model and System Potential 2 (varying point sour ce discharges) continuous flow comparison

for 2002 for the Willamette River at RM 133
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Figure 357: Calibrated model and System Potential 2 (varying point sour ce discharges) continuous flow comparison

for 2002 for the Willamette River at RM 120.11
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Figure 358: Calibrated model and System Potential 2 (varying point sour ce discharges) continuous flow comparison

for 2002 for the Willamette River at RM 108.6
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Figure 359: Calibrated model and System Potential 2 (varying point sour ce dischar ges) continuous flow comparison
for 2002 for the Willamette River at RM 84.69
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Figure 360: Calibrated model and System Potential 2 (varying point sour ce discharges) continuous flow comparison

for 2002 for the Willamette River at RM 55.09
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Figure 361: Calibrated model and System Potential 2 (varying point sour ce dischar ges) continuous flow comparison

for 2002 for the Willamette River at RM 35.72
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Figure 362: Calibrated model and System Potential 2 (varying point sour ce discharges) continuous flow comparison

for 2002 for the Clackamas River at RM 22.22
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Figure 363: Calibrated model and System Potential 2 (varying point sour ce dischar ges) continuous flow comparison

for 2002 for the Clackamas River at RM 5.07
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Figure 364: Calibrated model and System Potential 2 (varying point sour ce discharges) continuous flow comparison

for 2002 for the Willamette River at RM 24.8
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Figure 365: Calibrated model and System Potential 2 (varying point sour ce discharges) continuous flow comparison

for 2002 for the Willamette River at RM 13.05
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Figure 366: Calibrated model and System Potential 2 (varying point sour ce dischar ges) continuous flow comparison
for 2002 for the Willamette River at RM 6.13
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Figure367: Calibrated model and System Potential 2 (varying point sour ce discharges) 7-day moving average of the daily maximum temperature comparison
for 2002 for the Coast Fork Willamette River at RM 29.03
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Figure 368: Calibrated model and System Potential 2 (varying point source discharges) 7-day moving aver age of the daily maximum temperature comparison
for 2002 for the Coast Fork Willamette River at RM 21.28
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Figure 369: Calibrated model and System Potential 2 (varying point source discharges) 7-day moving aver age of the daily maximum temperatur e comparison
for 2002 for the Coast Fork Willamette River at RM 20.18
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7-day Moving Average of the Daily Maximum Surface Temperature, C

Figure 370: Calibrated model and System Potential 2 (varying point source discharges) 7-day moving aver age of the daily maximum temperature comparison
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for 2002 for the Row River at RM 5.51
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Figure371: Calibrated model and System Potential 2 (varying point source discharges) 7-day moving aver age of the daily maximum temperature comparison
for 2002 for the Middle Fork Willamette River at RM 13.95
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Figure 372: Calibrated model and System Potential 2 (varying point sour ce discharges) 7-day moving aver age of the daily maximum temper atur e comparison
for 2002 for the Middle Fork Willamette River at RM 11.14
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Figure 373: Calibrated model and System Potential 2 (varying point source discharges) 7-day moving aver age of the daily maximum temperature comparison

for 2002 for Fall Creek at RM 6.29
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Figure 374: Calibrated model and System Potential 2 (varying point source discharges) 7-day moving aver age of the daily maximum temperature comparison
for 2002 for the Willamette River at RM 187.06
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Figure 375: Calibrated model and System Potential 2 (varying point sour ce discharges) 7-day moving aver age of the daily maximum temperature comparison

for 2002 for the McKenzie River at RM 60.39
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Figure 376: Calibrated model and System Potential 2 (varying point sour ce discharges) 7-day moving aver age of the daily maximum temperature comparison
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for 2002 for the McK enzie River at RM 37.99
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Figure377: Calibrated model and System Potential 2 (varying point source dischar ges) 7-day moving aver age of the daily maximum temper atur e comparison

for 2002 for the McKenzie River at RM 9.75
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Figure 378: Calibrated model and System Potential 2 (varying point source discharges) 7-day moving aver age of the daily maximum temperature comparison

for 2002 for the Long Tom River at RM 4.64
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Figure 379: Calibrated model and System Potential 2 (varying point source discharges) 7-day moving aver age of the daily maximum temperature comparison

for 2002 for the Willamette River at RM 175.3
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Figure 380: Calibrated model and System Potential 2 (varying point source discharges) 7-day moving aver age of the daily maximum temperature comparison
for 2002 for the Willamette River at RM 161.98
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Figure 381: Calibrated model and System Potential 2 (varying point source discharges) 7-day moving aver age of the daily maximum temperature comparison
for 2002 for the Willamette River at RM 149.4
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Figure 382: Calibrated model and System Potential 2 (varying point sour ce discharges) 7-day moving aver age of the daily maximum temper ature comparison
for 2002 for the Willamette River at RM 133
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Figure 383: Calibrated model and System Potential 2 (varying point source dischar ges) 7-day moving aver age of the daily maximum temperature comparison
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for 2002 for the Willamette River at RM 120.11
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Figure 384: Calibrated model and System Potential 2 (varying point source di schar ges) 7-day moving aver age of the daily maximum temperature comp