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ACRONYMS AND ABBREVIATIONS 

7-DADM Seven-Day Moving Average of Daily Maximum  

ALBO Willamette River at Albany 

ATU Average Thermal Units  

BCL Big Cliff Dam 

BCLO Big Cliff Reservoir near Niagara gage  

BLU Blue River Dam 

CFS Cubic Feet per Second (flowrate) 

CMS Cubic Meters per Second (flowrate) 

CE-QUAL-W2 A two-dimensional hydrodynamic, temperature and water quality model  

CGR Cougar Dam 

CGRO South Fork McKenzie River near Rainbow  

DEXO Middle Fork Willamette River near Dexter gage  

DET Detroit Dam 

FOS Foster Dam 

FSC  Floating Surface Collector 

FSS Floating Screen Structure 

FWWS Foster Warm-Water Supply 

GPR Green Peter Dam 

GPRO Green Peter Reservoir gage  

HCR Hills Creek Dam 
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HEC-HEC-ResSim Hydrologic Engineering Center Reservoir System Simulation Model 

HIR High Intake Gate 

LIG Low-intake Gate 
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LRO Lower Regulating Outlet  

ODFW Oregon Department of Fish and Wildlife 
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WVP Willamette Valley Project 
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THE WATER QUALITY ANALYSIS APPENDIX HAS BEEN REVISED IN FORMAT FROM THE DEIS 
REPEATED INFORMATION HAS BEEN REMOVED; 

INSERTION OF LARGE AMOUNTS OF TEXT IS IDENTIFIED; MINOR EDITS ARE NOT DENOTED 

Summary of changes from the DEIS:  

ü The FEIS appendix includes analyses based on incorporation of the NMFS Biological 
Opinion requirements related to minimum target flows as applied to the Interim 

Operations. 

ü This appendix was not edited for the FEIS. Consequently, references to Near-term 
Operations Measures, or NTOMs, have not been updated to Interim Operations as in the 

EIS and other appendices. 

ü Several DEIS figures have been revised in the FEIS. 
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CHAPTER 1 - WATER TEMPERATURE ANALYSIS 

Resource Name:  Water Quality 

tǊŜǇŀǊŜǊΩǎ bŀƳŜΥ  Norm Buccola 

Date of Last Revision: 3/26/2025 

Water temperature within the Willamette Valley System (WVS) was assessed through a series 

of 2-dimensional (longitudinal/vertical) hydrodynamic CE-QUAL-W2 reservoir and river models 
(Wells, 2020). This model has been widely used and applied to water bodies around the world 
(Berger, Annear, and Wells 2002; West Consultants, 2005; Sullivan and Rounds, 2007; Buccola, 

et al., 2012; Threadgill et al., 2012; Buccola, et al., 2013; Buccola and Stonewall 2016; Buccola, 
Turner, and Rounds 2016; Buccola, 2018; Sullivan and Rounds, 2021; USACE, 2020c). For a 
complete list of the model applications, see the W2 website: http://www.ce.pdx.edu/w2/. The 
water temperature models were driven primarily by outlet gate flows and lake elevations 

simulated in HEC-HEC-ResSim (https://www.hec.usace.army.mil/software/hec-ressim/) and are 
described further in Chapter 3.2 (Effects Analysis ς Hydrology and Hydraulics) and Technical 
Appendix B (Hydrology and Hydraulics). Additional inputs to the temperature models consist of 

temperature targets and outlet configurations that allow for comparison of temperature 
management options and are discussed in this Appendix.  

1.1 LIMITATIONS, ASSUMPTIONS, AND UNCERTAINTY 

¶ The Willamette River reach downstream of Willamette Falls is not included in the water 
quality analysis for the Willamette Valley EIS. 

¶ The impact of operations to temperature were quantified using mechanistic models (CE-
QUAL-W2). All models are simplifications of the real world and represent the processes that 
are important to water temperature. 

¶ Daily average flows were used in the HEC-ResSim, CE-QUAL-W2, and TDG modeling. Sub-
daily temperature variation was simulated in the CE-QUAL-W2 modeling, but results were 
summarized as daily mean and maximum values. 

¶ Water temperature was not simulated at Blue River, Fall Creek, Dorena, Cottage Grove, or 
Fern Ridge lakes due to one or more of the following reasons: negligible difference in 
operation from Affected Environment, negligible combined heating effect to downstream 

waters, or lack of a CE-QUAL-W2 model. The simulated water temperature effects of 
proposed structures (Selective Withdrawal Structure [SWS], Floating Screen Structure [FSS], 
Floating Surface Collector [FSC]) are based on the most current design (where applicable). 

The actual functionality and resulting temperatures could vary if plans, specifications, 
materials, and as-built construction vary from current design.  

¶ Due to extreme low water and resulting CE-QUAL-W2 model instabilities during summer/fall 
of 2015, a minimum streamflow rule was applied at some locations downstream of the 

http://www.ce.pdx.edu/w2/
https://www.hec.usace.army.mil/software/hec-ressim/
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dams so that model output can be passed downstream to the Willamette River (see Model 
Configurations).  

1.2 MODEL DEVELOPMENT 

Previous research has examined the extent to which operational or structural solutions can 
improve temperature management below WVP dams.  

In the North Santiam subbasin, the extent to which a hypothetical temperature control 
structure at Detroit Dam can control water temperature has been examined in each season 
(Buccola et.al., 2012; USACE, 2019; Keefer, et.al., 2019). In any given year, the heat absorbed by 
the lake during summer from solar radiation will be released downstream at some point later in 

the autumn. As part of the design process for the Detroit SWS (Selective Withdrawal Structure) 
and FSS (Floating Screen Structure), USACE compared simulated water temperature derived 
from cooler and warmer spring-summer targets with and without the presence of a 

temperature control structure at Detroit. These model simulations were shared with University 
of Idaho to support a study of the trade-offs associated with each scenario and the effects on 
adult chinook salmon in the North Santiam (Keefer, et.al., 2019). One conclusion of this study 

was that cooler spring-summer targets lead to warmer autumn temperature, even with the 
presence of a water temperature control structure at Detroit Dam (see Section 7 and Figures 
12-15 in Keefer, et. al., 2019).  

Previous water temperature modeling in the South Santiam (Buccola, 2017; Sullivan and 
Rounds, 2021) and Middle Fork subbasins (Buccola et. al., 2016) has shown how a variety of 
hypothetical structures and operations can improve temperature control downstream of USACE 

dams. However, each subbasin is unique in the relative ability to provide cool water 
temperature downstream of the dams, even with the inclusion of a water temperature control 
structure in place. For example, Lookout Point and Dexter dams on the Middle Willamette River 
are relatively lower in their respective sub-basins than Detroit, Green Peter, Cougar, and Hills 

Creek Dams. This results in longer travel times and warmer temperatures at Lookout Point ς 
Dexter Dams compared to higher dam locations. Previous studies investigating the potential for 
structural and operational changes to Middle Fork Willamette dams (Buccola, et.al., 2016) 

resulted in less ideal thermal habitat for ESA-listed Chinook and steelhead associated with 
those changes than seen in other subbasins.  

To evaluate water temperature throughout the WVP with the proposed operations and 

structures included in the WVS EIS alternatives, CE-QUAL-W2 water temperature models were 
updated and refined (Stratton-Garvin, et. al., 2022a; Stratton-Garven, et.al., 2023). Summary fit 
statistic ranges for the models on a subdaily, daily maximum, and daily minimum basis over the 

calendar years 2011, 2015, and 2016 are shown in Table 1-1 and rarely exceed 1 degree Celsius 
mean absolute error, which is within the acceptable range for water temperature models. 
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Table 1-1. CE-QUAL-W2 Water Temperature Model Fit Statistics (on Subdaily, Daily 

Maximum, and Daily Minimum Basis) for Calendar Years 2011, 2015, and 2016 at 
Select Streamgage Locations Downstream of WVP Dams 

Sub-Basin/Reach Name Model Model Outflow Fit Statistic 
Range (Mean Absolute Error 

in degrees C) 

Source 

North Santiam River Detroit ς Big Cliff 

(USGS 14181500) 

0.46 to 0.78 Table 10 in Stratton-Garvin 

(2023) 

Santiam River Santiam River Near Jefferson 
(USGS 14189050) 

0.44 to 0.86 Table 3 in Stratton-Garvin 
(2022a) 

South Santiam River Green Peter ς Foster 
(USGS 14187200) 

0.58 to 0.75 Table 10 in Stratton-Garvin 
(2023) 

McKenzie River Cougar Lake 
(USGS 14159500) 

0.68 to 1.15 Table 8 in Stratton-Garvin 
(2023) 

 McKenzie River 

(USGS  14164900) 

0.48 to 1.13 Table 3 in Stratton-Garvin 

(2022a) 

Middle Fork Willamette 

River 

Hills Creek Lake  

(USGS 14145500) 

0.29 to 1.09 Table 5 in Stratton-Garvin 

(2023) 

 Lookout Point ς Dexter 

Lakes 
(USGS 14150000) 

0.51 to 1.00 Table 7 in Stratton-Garvin 

(2023) 

 Middle Fork / Coast Fork 

Willamette  
(USGS 14152000) 

0.25 to 0.66 Table 3 in Stratton-Garvin 

(2022a) 

Upper Willamette River Willamette at Albany 
(USGS 14174000) 

0.47 to 0.75 Table 3 in Stratton-Garvin 
(2022a) 

Middle Willamette River Willamette at Keizer 
(USGS 14192015) 

0.44 to 0.62 Table 3 in Stratton-Garvin 
(2022a) 

 

1.2.1 Calendar Year Selection 

Three representative calendar-years from recent decades were chosen to simulate water 
temperature in the network of Willamette Basin CE-QUAL-W2 models used in the WV EIS 
(Figure 1-1). The three years can be described qualitatively and relative to the past two decades 

as follows: 2011 (high flow, cool temperature), 2015 (extreme low flow, extreme warm 
temperature), and 2016 (low flow, warm temperature). Annual statistics and exceedance values 
of Salem Airport McNary Field air temperature (NOAA USW00024232 [NOAA, 2020]; 

Slm_AirT(Degrees F)), unregulated streamflow at Salem (derived from HEC-ResSim; 
SLM_FlowUnreg(Kcfs)), and unregulated streamflow at Detroit, Oregon (derived from HEC-
ResSim; DET_FlowUnreg(Kcfs)) for these three years are shown in Figure 1-2 and Table 1-2. 
More background on the year selection process and environmental conditions can be found in 

Stratton Garven (2022a). 
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Figure 1-1. Streamflow (top) and water temperature (bottom) at Salem/Keizer, Oregon in 

2011, 2015, and 2016 (Reproduced from Stratton Garvin, 2022a). 

Table 1-2. Exceedance percentiles for mean annual Salem air temperature (Slm_AirT(Degrees 
F)), Salem unregulated streamflow (SLM_FlowUnreg), Detroit unregulated 
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streamflow (DET_FlowUnreg) in 1936-2019 (only 2000-2019 data are shown here 
for brevity). 

Year 
Slm_AirT  

(Degrees F) 
SLM_FlowUnreg  

(Kcfs) 
DET_FlowUnreg  

(Kcfs) 
2000 21 51 61 
2001 39 15 12 
2002 60 36 86 
2003 86 37 26 
2004 68 26 33 
2005 43 48 32 
2006 76 30 44 
2007 20 11 13 
2008 10 82 100 
2009 55 54 69 
2010 45 93 65 
2011 11 94 81 
2012 49 98 80 
2013 46 32 40 
2014 96 52 37 
2015 100 1 1 
2016 94 10 4 
2017 83 79 62 
2018 95 27 20 
2019 40 85 50 

 

 
Figure 1-2. Percent exceedance graphs of annual mean unregulated flow at Detroit, Oregon 

(left), air temperature at Salem, Oregon (middle), and unregulated streamflow at 
Salem, Oregon (right) over the period of record (1936-2019). 
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1.2.2 Model Configurations 

A network of 7 hydrodynamic CE-QUAL-W2 water temperature models have been developed 

for the major WVP reservoirs (Wells, 2020) and are utilized in the WV EIS to examine potential 
operational and structural measures on USACE-managed projects. Reservoir temperature 
models were developed for Detroit (Sullivan and Rounds, 2007), Big Cliff (Buccola, et al., 2012), 

Green Peter-Foster (West Consultants, 2005; Buccola, et al., 2013), Cougar (Threadgill et al., 
2012), and the Middle Fork Willamette complex including Hills Creek, Lookout Point, and Dexter 
Dams (West Consultants Inc, 2004a; West Consultants Inc, 2004b; Buccola, et al., 2013). Since 
the development of these models, many studies have examined scenarios including 

hypothetical structures and operations at Detroit Dam (Buccola, et.al, 2016 and 2017; USACE, 
2019b), Green Peter-Foster (Buccola, 2018; Sullivan and Rounds, 2021; USACE, 2020c), Cougar 
(USACE, 2019a), and the Middle Fork Willamette complex of dams (Buccola, et al., 2016). There 

was no additional model calibration for the WV EIS simulations. However, CE-QUAL-W2 model 
code was modified to increase model stability and decrease model run-times, especially during 
deep reservoir drawdowns (Stratton et al., 2023). 

Below the CE-QUAL-W2 reservoir models were a network of CE-QUAL-W2 river models, 
previously calibrated for the North Santiam (Sullivan and Round, 2004), South Santiam (Bloom, 
2016), and other tributaries to the Willamette River (Annear et al., 2004; Berger and others, 

2004; Sullivan and Rounds, 2004; Oregon Department of Environmental Quality, 2006). This 
network of river models has been used to examine Willamette temperature in the absence of 
dams (Rounds, 2010) and the effect of flow on temperature in the Willamette (Stratton Garvin 

and Rounds, 2022b). Further updates to these models and assemblage of boundary conditions 
for 2011, 2015, and 2016 are documented in Stratton Garvin and others (2021). 

While HEC-ResSim modeling incorporates an 84-year simulation (spanning 1935 ς 2019), CE-
QUAL-²н ƳƻŘŜƭƛƴƎ ƛƴŎƭǳŘŜŘ ǘƘǊŜŜ ŎŀƭŜƴŘŀǊ ȅŜŀǊǎ ǳƴŘŜǊ ŜŀŎƘ ŀƭǘŜǊƴŀǘƛǾŜ όнлммΥ άǿŜǘέΣ нлмрΥ 

άŘǊȅέΣ нлмсΥ άƴƻǊƳŀƭέύ ŘǳŜ ǘƻ ǘƘŜ ƭŜǾŜƭ ƻŦ ŜŦŦƻǊǘ ƛƴǾƻƭǾŜŘ ƛƴ ŎƻƳǇƛƭƛƴƎ ōƻǳƴŘŀǊȅ ŎƻƴŘƛǘƛƻƴǎ ŦƻǊ 
temperature modeling (Stratton Garvin and others, 2021). Reservoir models were simulated for 
the January through December period, while river models were simulated April through 

October. Distributed tributary flows added or withdrawn from the system to ensure lake levels 
matched intended operations were estimated using a Water Balance Utility available with the 
CE-QUAL-W2 download.  

A simplifying assumption was made in HEC-ResSim and CE-QUAL-W2 that Big Cliff Dam (a re-
regulating reservoir) outflow was equal to Detroit outflow on a daily average basis through 
each WV EIS alternative (i.e., no tributary inputs to Big Cliff Reservoir were included). Similarly, 

the re-regulating reservoir of Dexter Lake is relatively shallow and fluctuating generally 
between 690 and 695 ft lake surface elevation. Residence times in Dexter Lake are on the order 
of 1 week, which leads to a general warming of the outflow from LOP. For this reason, the 
combined effect from LOP-DEX was analyzed at the downstream outlet below DEX. 

In some instances, total outflow from individual dams as output from HEC-ResSim was too low 
for the downstream river models to simulate. In these cases, an iteratively determined 
minimum discharge value was applied to the upstream boundary condition for the river model 
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in question. For example, in Alternative 3b outflow from Foster Dam was modeled by HEC-
ResSim to be less than 8 cms (283 cfs) on 63 days of 2016. In these cases, HEC-ResSim-derived 

outflow was used to specify outflow from Foster Dam but increased to a minimum of 8 cms 
(283 cfs) when input to the South Santiam River model. This artificial increase in flow may bias 
the modeled temperature in the South Santiam (or other rivers where this correction was 

applied) slightly cooler than the actual alternative specifies, but the effect is likely small and 
diminishes downstream. These flow changes in CE-QUAL-W2 models below some dams 
occurred primarily during summer/fall of 2015 and 2016, where minimum streamflow rules 
were applied as shown in Table 1-3. 

Table 1-3. Minimum flow values applied to inflow (cms) of river water temperature models 
below each WVP dam (as floor to HEC-ResSim-provided outflow from project 
listed). 

Model inflow (source) 2011 2015 2016 

NAA 

Cottage Grove  NA 1.42 NA 

Foster  NA 8 NA 

Big Cliff NA 11 NA 

Alt1 

Cottage Grove  NA 1.42 NA 

Foster NA 8 NA 

Big Cliff NA 11 NA 

Alt4 

Cottage Grove  NA 1.42 NA 

Foster NA 8  
Big Cliff NA 11 NA 

Alt3a 

Foster 8 8 8 

Big Cliff 11 11 15 

Alt3b 

Cottage Grove  1.42 1.42 NA 

Dexter NA NA NA 

Foster NA 8 8 

Big Cliff NA 11 NA 

Existing and proposed outlet properties for CE-QUAL-W2 reservoir temperature models are 
shown in Table 1-4. These properties are inputs to the model (w2_selective.npt file) for 

blending between multiple outlets in the attempt to meet a downstream temperature target 
(Rounds and Buccola, 2015). All elevations are centerline elevations except for spillways and 
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weirs, which are the crest elevation. MAXFLOW values are given to limit the amount flow 
released from a particular outlet. General configurations for each project are listed below.  

¶ Detroit (DET) has 9 gates. Gates Q1 to Q4 currently exist at the dam, while Q5 to Q9 are 
proposed gates as part of the SWS and FSS in Measure 105. Note: Further investigation into 
ŀŎǘǳŀƭ ŎŜƴǘŜǊƭƛƴŜ ŜƭŜǾŀǘƛƻƴǎ ƻŦ ¦ǇǇŜǊ wh ŀƴŘ [ƻǿŜǊ whǎ ǿŜǊŜ ŦƻǳƴŘ ǘƻ ōŜ моплΩ ŀƴŘ мнсрΩΣ 
respectively. While these changes were not incorporated into WV EIS temperature models, 

they will be included in further studies as updates to the Detroit Lake CE-QUAL-W2 model. 

¶ Cougar (CGR) has 7 gates. All gates currently exist at the dam, but not all are used as 

described in the WV EIS: Q2 (RO) includes an internal bifurcation that leads to Q6 
(Penstock), which does not currently have a direct connection to the reservoir. Q1, Q3, Q4, 
and Q5 represent approximate gaps within the existing Water Temperature Control Tower 

(WTCT). Model calibration has led to an approximation of the weir leakage as 10% of total 
outflow through each of Q3, Q4, and Q5. The diversion tunnel (Q7: Dtnnl) does not 
currently exist as a regularly operable outlet but is considered in Measure 479 (see Measure 
Assumptions) with structural/mechanical modifications for regular operation. 

¶ Foster Dam (FOS) has 7 gates. The primary gates currently in use at the dam are Q2 through 
Q7. There are three Power intakes: Q3 (PowerUp); providing attraction water to the fish 

ladder side entrance, Q6 (PowerLow); supplying the fish facility and fish ladder, and Q5 
(PowerMain) providing the bulk of the river flow for most of the year. 7.5 % of total outflow 
was assumed to flow through both Q3 and Q6, with a maximum of 58.6 cfs through either 

gate at any time, as a simplification of typical current operations. All gates except Q1: 
FWWS (see Measure Assumptions) currently exist at the dam. Q7 is not used in the WV EIS 
analysis as it typically discharges negligible flow levels to the fish hatchery during the spring 

and summer. 

¶ Green Peter (GPR), Lookout Point (LOP), and Hills Creek (HCR) have 3 gates at each project.  

¶ Big Cliff (BCL) and Dexter (DEX) have 2 gates at each project (Power and Spillway) 

Table 1-4. Reservoir Model Gate Configurations and Centerline Elevations for CE-QUAL-W2 
Reservoir Models (abbreviations: URO = Upper Regulating Outlets, LRO = Lower 

Regulating Outlets, SWS = Selective Withdrawal Structure, CL = Centerline, FSS = 
Floating Screen Structure, HIW=High Invert Weirs, LIG = Low Intake Gates, * 
Indicates a Proposed Outlet, ** Indicates Outlet Not Used in WV EIS analysis). 

Vertical Datums are Specific to As-Built Drawings for Each Site. 

Site Outlet Number Outlet Name Elevation (m) Elevation (ft) 

DET Q1 URO 410.0 1345.0 

DET Q2 Spillway 469.7 1541.0 

DET Q3 Power 427.6 1403.0 

DET Q4 LRO 387.1 1270.0 

DET Q5 SWS_HIW*  429.8 1410.1 
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1.3 MEASURE ASSUMPTIONS 

Measures associated with water temperature are designed to provide more seasonally 

appropriate temperatures downstream of Willamette Project dams and improve habitat for 
Spring chinook and winter steelhead fish. Measures are designed to align with fish passage 
measures and balance other authorized purposes as best as possible. Many structural 

Site Outlet Number Outlet Name Elevation (m) Elevation (ft) 

DET Q6 FSS1*  429.8 1410.1 

DET Q7 FSS2*  429.8 1410.1 

DET Q8 FSS3*  429.8 1410.1 

DET Q9 SWS_LIG*  406.0 1332.0 

BCL Q1 Spillway 354.0 1161.5 

BCL Q2 Power 347.5 1140.0 

GPR Q1 Spillway 295.3 968.7 

GPR Q2 Power 246.9 810.0 

GPR Q3 RO 228.6 750.0 

FOS Q1 FWWS* 192.0 630.0 

FOS Q2 Weir 193.1 633.5 

FOS Q3 PowerUp 182.7 599.3 

FOS Q4 Spillway 181.9 596.8 

FOS Q5 PowerMain 179.8 590.0 

FOS Q6 PowerLow 178.1 584.3 

FOS Q7 HatchLow**  175.6 576.0 

CGR Q1 WTC4 512.1 1680.0 

CGR Q2 RO 452.6 1485.0 

CGR Q3 WTC3 500.0 1640.3 

CGR Q4 WTC2 487.9 1600.6 

CGR Q5 WTC1 475.8 1561.0 

CGR Q6 Penstock**  434.3 1424.8 

CGR Q7 DTnnl 396.2 1300.0 

HCR Q1 RO 431.3 1415.0 

HCR Q2 Power 423.7 1390.0 

HCR Q3 Spillway 455.8 1495.5 

LOP Q1 Spillway 270.5 887.5 

LOP Q2 Power 237.7 780.0 

LOP Q3 RO 222.3 729.3 

DEX Q1 Spillway 201.2 660.0 

DEX Q2 Power 198.2 650.4 
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modifications are assumed and would require detailed design work to be implemented. Full 
measure descriptions are provided in Appendix A, and assumptions used for ResSim modeling 

are provided in Appendix B. General measure descriptions pertaining to water temperature 
modeling are as follows: 

¶ Measure 105 Construction of selective withdrawal structures (SWS): The SWS would be 
constructed on the face of high-head WVP hydropower dams to allow the release and 

blending of water at various temperatures (depths) in the reservoir to improve water 
temperature downstream of the dam. The new structure would send this water through the 
powerhouse and continue to generate power while meeting downstream water quality 

targets. These structures could also be attached to or combined with new fish passage 
facilities (notably Measure 392: construct downstream passage) to meet the requirements 
of fish passage RPAs (NMFS 2008). 

¶ Measure 479 Modify existing outlets to allow releases at varying depths for temperature 
control: Outlets exist at some WVP dams would permit enhanced temperature control if 
such outlets were modified to allow for regular operation at relatively low flows during 

April-November. This measure would call for modifying existing outlets to allow for routine 
usage specific to each project to help restore normative temperatures to extent possible 
using existing outlets.  

¶ Measure 166 Operational Temperature Control for Cooler Water: Use existing outlets to 
discharge colder water during drawdown operations in fall and winter to reduce water 

temperatures below dams. Due to the strong stratification that most the valley lakes 
experience during the spring, summer, and fall (before lake turnover), there is an 
opportunity at some projects to release relatively cool water from the regulating outlets 

(below the power intakes). This cooler water (compared to releases through the turbines) 
can provide a benefit for chinook egg incubation downstream. Projects that include various 
usable outlet inverts include Detroit, Green Peter, and Lookout Point dams. This measure 
specifies up to 60% of total release through ROs in the fall. Water temperature simulations 

assume outlet details and temperature targets align with those used in previous studies 
(Buccola, et.al, 2016; Buccola, et.al, 2017, USACE, 2019a; USACE 2019b). Simulated mixing 
between outlets depends on temperature targets imposed in temperature models and may 

differ from outlet flow ratios simulated in HEC-ResSim model. Note: Minimum gate 
openings are not accounted for in HEC-ResSim or CE-QUAL-W2. 

¶ Measure 721 Operational Temperature Control for Warmer Water: Use of the spillway to 
improve downstream water temperature management from spring through autumn. By 
extending the use of the spillway, a larger volume of warm surface water from the reservoir 

can be released and cold deep water can be reserved for later in the fall/early winter when 
necessary for fish incubation. In the fall, the deeper ROs can release a limited amount of 
cooler water at Detroit, Green Peter, Hills Creek, and Lookout Point Dams. Water 
temperature simulations assume outlet details and temperature targets align with those 

used in previous studies (Buccola, et.al, 2016; Buccola, et.al, 2017, USACE, 2019a; USACE 
2019b). Simulated mix between outlets depends on temperature targets imposed in 



Willamette Valley System Operations and Maintenance 
Final Environmental Impact Statement 

D-11 2025 

temperature models and may differ from mix simulated in HEC-ResSim model. Note: 
Minimum gate openings are not accounted for in HEC-ResSim or CE-QUAL-W2. 

¶ Near-Term Operations Measure (NTOM): Based upon the U.S. District Court for the District 
of Oregon interim injunction directing the Corps to implement interim injunction measures 

intended to improve conditions for fish passage and water quality in the WVS to avoid 
irreparable harm to ESA-listed salmonids during the interim period until the completion of 
the reinitiated ESA consultation, issued on September 1, 2021. The NTOM includes sixteen 
measures that require changes to how the WVS dams are operated and three measures 

that modify existing structures (Described in further in Chapter 2 (overall descriptions) and 
Appendix A (detailed descriptions), and Appendix B (Hydraulic modeling assumptions). 
Details of the NTOM as they may affect water temperature simulations are provided for 

each sub-basin in Section 1.3 below. 

1.3.1 North Santiam 

The following are site-specific measure details applied to the Detroit CE-QUAL-W2 model: 

Measures 105, 392 at Detroit Dam contain outlet details and temperature targets similar to 
those used in previous studies (Buccola, et.al, 2016; Buccola, et.al, 2017, USACE 2019b) with 
some simplifying assumptions applied to be consistent with WV EIS Measure 392 description. 

Those modifications are as follows: Rather than multiple floating intakes (simulating a 
distributed inflow to the FSS), a single floating outlet at 25 feet deep (Q3 DEPTH = 7.62 [m] in 
w2_selective.npt file) was used. Maximum outflow from the FSS was assumed to be 4600 cfs 

(Q3 MAXFLOW = 130.26 [cms]).  

Measures 166, 721 at Detroit Dam were implemented in HEC-ResSim as 60% of the total 
outflow assigned to the spillway from April 15 to Aug 30 and up to 60% of total outflow through 
the ROs from Sep 1 to Nov 15. However, these flow values were adjusted by the temperature 

blending routine within the CE-QUAL-W2 model (Q3 MINFLOW = 0.4) to meet the downstream 
temperature target optimally. A 200 ft maximum head restriction was placed on the ROs in NAA 
to simulate the operational limits of these gates due to structural/mechanical safety concerns. 

This MAXHEAD restriction was removed for Alternative 3a/3b to match the Measure 479 
description below. When Measures 721 and 166 were combined with Measure 714 (Alternative 
3b), MINFLOW values for all outlets were set to 0 which allowed the model optimization to 

meet downstream temperature target with no restraint. The lower RO (Q4 PRIORITY = 1) was 
allowed to be blended in Alternative 3b during autumn. When Measures 721 and 166 were 
combined with 720 (operational downstream passage: Alternatives 3a), temperature blending 

was not used, so that fish passage could be given higher priority.  

Measure 479 at Detroit Dam describes the reinforcement and strengthening of regulating 
outlet (RO) gates and tunnels, which exist at elevations 1340 ft (upper ROs) and 1265 ft (lower 
ROs). The ROs were not designed to be operated regularly with extreme head pressure. Under 

this measure, head pressure limits are not to exceed the spillway crest for the upper and lower 
ROs (Q1 MINFRAC = 59.7, Q4 MINFRAC = 82.6). This measure describes additional structural 
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reinforcement, lining of the RO tunnels, and strengthening of the gates to provide additional 
reliability, and limit cavitation/scouring of the dam when head pressure exceeds thresholds 

described above. This would allow for additional capability to release cooler flows in the late 
fall (typically November).  

NTOM at Detroit Dam includes a spring spillway operation for downstream fish passage and 

operational downstream temperature management from mid-March until the lake is below the 
spillway crest (typically until July-August). In the autumn and winter, use of the upper and lower 
ROs during night-time hours when lake elevation is below 1500 feet at Detroit Dam is intended 
to improve fish passage and access relatively cooler water temperature downstream (similar to 

Measure 166 and Alternative 3a/3b). Under this measure, head pressure limits are not to 
exceed 200 feet for the upper and lower ROs (Q1 MINFRAC = 61.3, Q4 MINFRAC = 61.3). While 
the precise description of this measure specifies night-time RO usage, the ResSim boundary 

conditions to the water temperature models are daily averages and will not contain this hourly 
specificity. ResSim rules specified a 75% / 25% spill-to-power ratio (spillway when lake is above 
spillway crest, ROs when below spillway crest) from 01 March to 15 November as an 

approximation of ideal temperature management. However, temperature blending in CE-QUAL-
W2 was assumed to occur year-round to attempt at meeting the downstream temperature 
target and resulted in refined time-varying spill-to-power splits. 

1.3.2 South Santiam 

The following are site-specific measure details applied to the Green Peter -Foster CE-QUAL-W2 
model: 

Measures 105, 392 at Green Peter Dam consists of assumptions similar to those used at Detroit 
Dam with a floating outlet at 25 feet deep (Q2 DEPTH = 7.62 [m] in w2_selective.npt file). 
Maximum outflow from the FSS was assumed to be 4000 cfs (Q2 MAXFLOW = 113.27 [cms]). 

Measure 392 at Foster Dam generalizes a downstream fish passage structure with 500-800 cfs 

surface spill through a safe and effective route (spillway or screened intake). This structure was 
simulated in HEC-ResSim with the assumption of a year-round fish passage of 600 cfs as 
ά{Ǉƛƭƭǿŀȅέ ŦƭƻǿΦ Lƴ /9-QUAL-W2, this surface spill was designated in the Q2 (Weir) outlet with a 

floating DEPTH value of 1 m (3.3 ft), minimum flow (MINFRAC) value of -16.99 (600 cfs), and the 
same blending (PRIORITY) group of 1 with the Q5 (PowerMain) outlet (designating that both 
outlets were blended to meet a mutual temperature target). Further, Q5 was designated a 

minimum flow (MINFRAC) value of -4.2475 (150 cfs).  

Measures 166, 721 at Green Peter Dam was implemented in HEC-ResSim as 60% of the total 
outflow assigned to the spillway as soon as it is available in May to Aug 30 and up to 60% of 

total outflow through the ROs from Sep 1 to Nov 15. However, these flow values were adjusted 
by the temperature blending routine within the CE-QUAL-W2 model (Q2 MINFLOW = 0.4) to 
meet the downstream temperature target optimally. When Measures 721 and 166 were 
combined with Measure 714 (Alternative 3a), MINFLOW values for all outlets were set to 0 

which allowed the model to optimize to meet downstream temperature target with no 
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restraint. When Measures 721 and 166 were combined with 720 (operational downstream 
passage: Alternatives 3a), temperature blending was not used, so that fish passage could be 

given higher priority. 

Measure 479 at Foster Dam is described as the Foster Warm-Water Supply pipe (FWWS) to the 
existing adult fish ladder at the Foster Fish Facility (USACE, 2020). Currently, the Foster fish 

ladder is fed by deeper water in Foster Lake via the turbine intakes. This measure would add 
flexibility to provide more normative temperatures in the fish ladder and attract upstream 
migrant fish in a timelier manner during the spring. Assumptions for HEC-ResSim modeling 
include 144 cfs in May and 72 cfs during June through the FWWS (by-passing the turbines). CE-

QUAL-W2 modeling allocates these exact flows through the FWWS outlet (Q1) with a centerline 
elevation of 630 ft. Post-processing can refine this flowrate and calculate an optimal flow that 
will meet a separate temperature target for the fish ladder, similar to methods in Foster Fish 

Ladder Improvements Project Design Documentation Report (USACE, 2020). 

NTOM details for the South Santiam sub-basin are as follows:  

¶ Green Peter includes a spring spillway operation for improved downstream fish passage 
when lake elevation is above spillway crest (971 ft) from 01 March until 01 May or for 30 

days, whichever is longer (similar to Measure 714 in Alternatives 3a and 2b). From early 
September to mid-December, a deep drawdown at Green Peter (targeting 780 ft elevation 
15 November to 15 December) and RO prioritization (when lake is below 887 ft) is 

prescribed for improved downstream fish passage (similar to Measure 40 in Alternatives 2a, 
2b, 3a, and 3b).  

¶ Foster Dam includes a delayed refill until 15 May (targeting 637 ft between 16 May and 5 
September). Spring spillway is used to improve downstream fish passage from 1-February to 
15 June (lake elevation 613 ft. from February to May; lake elevation 637 ft. May to July). 

Summer fish weir use (300 cfs [8.5 cms] through QOT2) from 16 June to 31 July to improve 
downstream temperature management and upstream fish migration/passage. Utilize the 
spillway for 60% of the day with 40% through the penstocks for improved downstream fish 
passage in the fall from 01-October to 15-December when the lake is at minimum 

conservation pool (613 feet). 

¶ These outlet-specific release rules for Green Peter and Foster were simulated in HEC-ResSim 
and passed onto CE-QUAL-W2 as QOT boundary condition files using the assumptions 
consistent with those described in Section 1.2.2, without utilizing the blending routine 
(SELECTC = OFF). 

1.3.3 South Fork McKenzie 

The following are site-specific measure details applied to the Cougar CE-QUAL-W2 model: 

Measure 479:  
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¶ Cougar Dam: The Cougar Diversion Tunnel is the deepest outlet at Cougar Dam (invert 
elevation 1290 ft; centerline elevation 1300 ft) and has the potential to release deep, cold 
water under scenarios in which lake level is below the RO intake (invert elevation 1479 ft; 

centerline elevation 1485 ft). This measure assumes new structural and mechanical gate 
improvements have been made to allow for safe remote routine operation of the diversion 
tunnel. Measure 479 coincides with Measure 720 (spring drawdown) in Alternative 3b, the 

lake level is below the WTCT, so blending between the RO bypass intake and the diversion 
tunnel is specified (Q2 and Q7 PRIORITY = 1 in w2_selective.npt file).  

¶ Blue River Dam: Blue River Dam was built with two spillway gates (spillway crest elevation 
1321 ft) and a spillway channel, designed for extreme flow events. This measure assumes 
the current spillway gates and spillway channel could be re-designed to enable low-flow 

releases when the lake is above spillway crest. This would provide more normative 
temperatures during the summer through the release of warmer water, saving cooler 
deeper water for the fall. Water temperatures downstream of Blue River Dam were 
estimated based on the simulated HEC-ResSim pool elevation and the average monthly 

thermocline as measured monthly in 2014 and 2019 (Figure 1-3).  

 
Figure 1-3 Blue River Lake water temperature as measured at monthly intervals in 2014 and 

2019. Gray line represents the average of the two years. 

Measures 105, 392 outlet details and temperature targets at Cougar Dam are similar to those 
used in previous studies (USACE, 2019a) with some simplifying assumptions applied to be 
consistent with WV EIS Measure 392. A single floating outlet at 25 feet deep (Q3 DEPTH = 7.62 

[m] in w2_selective.npt file) was used with maximum outflow from the FSS assumed to be 1000 
cfs (Q1 MAXFLOW = 28.32 [cms]).  

NTOM at Cougar Dam includes a delayed refill ǘŀǊƎŜǘƛƴƎ мрнлΩ ōŜǘǿŜŜƴ лм February and 15 

May, followed by targeting of the rule curve until 01 July. At this point, a deep drawdown 
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begins 01 July, targeting the usual rule curve 01 October elevation one month early on 01 
September and targeting 1505 ft elevation from 15 November to 15 December with RO 

operation for fish passage (similar to Measure 40 in Alternative 3a). On 16 December, the rule 
curve is targeted until the following spring and refill begins again as described above. From 01 
February to 15 May or when the lake is below 1580 ft, all flow is released through the ROs for 

60% of the day while penstock is allowed a maximum 40% of the day. A maximum draft and 
refill rate of 880 cfs is allowed. Both operations prioritize the RO to improve downstream fish 
passage. These outlet-specific release rules for Cougar were simulated in HEC-ResSim and 
passed onto CE-QUAL-W2 as QOT boundary condition files using the assumptions consistent 

with those described in Section 1.2.2, and only utilizing the blending routine between the 
floating outlet and the RO (PRIORITY for Q1 and Q2 = 1) and when the lake was above elevation 
1565 ft. This led to custom start and stop times for the blending routine in each year as follows 

-- 2011: TSTR = 136, TEND = 315; 2015: SELECTC = OFF (lake did not exceed 1565 ft); 2016: TSTR 
= 136, TEND = 324. 

1.3.4 Middle Fork Willamette 

The following are site-specific measure details applied to the Hills Creek and Lookout Point-
Dexter CE-QUAL-W2 models: 

Measures 105, 392: 

¶ Lookout Point Dam consists of assumptions similar to those used at Detroit Dam with a 
floating outlet at 25 feet deep (Q2 DEPTH = 7.62 [m] in w2_selective.npt file). Maximum 
outflow from the FSS was assumed to be 6000 cfs (Q2 MAXFLOW = 169.90 [cms]) to be 
consistent with Measure 392 description for Lookout Point Dam.  

¶ Hills Creek Dam FSS assumptions include a single floating outlet at 25 feet deep (Q3 DEPTH 
= 7.62 [m] in w2_selective.npt file) with maximum outflow from the FSS assumed to be 1000 

cfs (Q1 MAXFLOW = 28.32 [cms]).  

Measures 166, 721 at Lookout Point Dam were implemented in HEC-ResSim as 60% of the total 
outflow assigned to the spillway from April 15 to Aug 30 and up to 60% of total outflow through 
the ROs from Sep 1 to Nov 15. However, these flow values were adjusted by the temperature 

blending routine within the CE-QUAL-W2 model (Q2 MINFLOW = 0.4) to meet the downstream 
temperature target optimally. When Measures 721 and 166 were combined with Measure 714 
(Alternative 3b), MINFLOW values for all outlets were set to 0 which allowed the model to 

optimize to meet downstream temperature target with no restraint. When Measures 721 and 
166 were combined with 720 (operational downstream passage: Alternatives 3a), temperature 
blending was not used, so that fish passage could be given higher priority. 

Measure 479: Hills Creek Dam was built with 3 spillway gates (spillway crest elevation 1495.5 ft) 
and a spillway channel, designed for extreme flow events. This measure assumes the current 
spillway gates and spillway channel could be re-designed to enable low-flow releases when the 

lake is above spillway crest. This would provide more normative temperatures during the 
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summer through the release of warmer water, saving cooler, deeper water for the fall. When 
Measures 721 and 166 were combined with Measure 714 (Alternative 3a), MINFLOW values for 

all outlets were set to 0 which allowed the model to optimize to meet downstream 
temperature target with no restraint. When Measures 721 and 166 were combined with 720 
(operational downstream passage: Alternatives 3b), temperature blending was not used, so 

that fish passage could be given higher priority. 

NTOM details for Hills Creek, Lookout Point, and Dexter Dams in the Middle Fork Willamette 
sub-basin are as follows:  

¶ RO prioritization at Hills Creek Dam during evening from 1800 to 2200 hours (approximated 

by 17% of daily flow) for improved downstream fish passage October to March when lake 
elevation is below 1459 feet. A minimum release of 1000 cfs was used when Lookout Point 
was less than 95% between minimum conservation elevation and the spillway crest until 01 

May to supplement for downstream passage operations at Lookout Point during spring.  

¶ Utilize Lookout Point Dam spillway for improved downstream fish passage in the spring 
(mid-March to May/June when lake elevation is 890-893 ft release all flow all day over the 

spillway from 15 March to 01 May, then release all flow over the spillway for 60% of the day 
and all flow through the penstock up to the penstock max for 40% of the day from 02 May 
to 31 May) and RO use in autumn (15 July to 15 October when lake elevation is less than 

887.5 ft release all flow through the RO for 60% of the day and all flow through the 
penstock up to the penstock max for 40% of the day) for downstream temperature 
management (similar to Measures 166 and 721 in Alternative 3a). CE-QUAL-W2 models will 

be allowed to blend between turbines and RO during autumn (TSTR = 196, TEND = 288). 

¶ Deep drawdown and nighttime RO prioritization at Lookout Point Dam for improved 

downstream fish passage 15 November to 15 December to lake elevation of 750 feet 
(similar to Measure 40 in Alternative 3a, 3b).  

¶ These rules were simulated in HEC-ResSim and passed onto CE-QUAL-W2 as QOT boundary 
condition files, without utilizing the blending routine (SELECTC = OFF). 

A complete listing of the measure descriptions included in each alternative can be found in 
Chapter 3 and Appendix A, while the Hydrologic and ResSim modeling assumptions can be 

found in Appendix B. 

1.4 TEMPERATURE TARGETS 

Natural temperature patterns and magnitude immediately downstream of each project are 

ŜǎǘƛƳŀǘŜŘ ǳǎƛƴƎ ŀƴ ΨǳǇǎǘǊŜŀƳ ƳƛȄΩ ŎŀƭŎǳƭŀǘƛƻƴ ōŀǎŜŘ ƻƴ wƻǳƴŘǎ нлмлΦ ¢ƘŜ ΨǳǇǎǘǊŜŀƳ ƳƛȄΩ ƛǎ ŀ 
flow-weighted averaging of upstream temperature and a maximum warming rate of 0.11 
degrees C per river mile which is decreased for cooler upstream temperatures. The upstream 

mix calculations were determined for the period of available data. It is assumed that upstream 
flow and temperatures are reasonable surrogates for natural conditions given most of the 
watershed is forested and managed by the USFS.  
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1.4.1 North Santiam 

Two separate temperature targets for Detroit Dam were used in the WV EIS:  

¶ The current operational temperature target was applied to NAA (BCLO ς NAA in Figure 1-4):  
Minimum and maximum temperature targets were developed and agreed upon for Detroit 
Dam by the resource agencies (NOAA, USFWS, and ODFW) in 1984 to benefit the 
downstream ESA listed anadromous fish (NOAA, 2008). These targets were later modified 

through the WATER process to be lower in the spring-summer (USACE, 2017). This 
maximum target is used by the CE-QUAL-W2 model in NAA for the WV EIS to release up to 
60% of the maximum volume of warm surface water during the summer, saving cooler 

deeper water for the fall.  

¶ A target based on the long-term water temperature data record above Detroit dam was 

applied to all action alternatives (BCLO ς AA) in Figure 1-4 and Table 1-6. This temperature 
target was based on long-term average daily of the 7dADM without-dam water 
temperatures estimates at the location of Detroit Dam using methods developed by Rounds 
(2010) and further in (Buccola, et al., 2012). This target was applied further in the design of 

the Selective Withdrawal Structure at Detroit (USACE, 2019b) and ranges from about 5.1°C 
(41.2°F) in winter to a high of near 15.8°C (60.5°F) in August (Table 1-5). 

 
Figure 1-4. Temperature targets used at each CE-QUAL-W2 reservoir temperature model 

within the WVS EIS for all alternatives except No Action (labeled "AA") compared 
to maximum temperature targets used operationally by USACE from 2017 to 2022 

(labeled "NAA") and the Oregon Department of Environmental Quality (ODEQ) 
Total Maximum Daily Load (TMDL) Monthly Median Target Temperatures (labeled 
ά¢5a[έύ. Sites are defined as below the following dams: Detroit-Big Cliff: BCLO, 

Green Peter: GPRO, Foster: SSFO, Cougar: CGRO, Hills Creek: HCRO, Lookout 
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Point-Dexter: DEXO. Note: HCRO and GPRO sites did not have NAA operational 
temperature targets defined. 

Table 1-5. Comparison of Oregon Department of Environmental Quality (ODEQ) Total 
Maximum Daily Load (TMDL) Monthly Median Target Temperatures (labeled 
ά¢5a[έύΣ maximum temperature targets used operationally (labeled "NAA"), and 

temperature targets used in the WVS EIS temperature simulations for all 
alternatives except No Action (labeled "AA"). Monthly values for AA targets are 
provided based on the target for the 1st day of each month even though targets 
vary daily. Sites are defined as below the following dams: Detroit-Big Cliff: BCLO, 

Green Peter: GPRO, Foster: SSFO, Cougar: CGRO, Hills Creek: HCRO, Lookout 
Point-Dexter: DEXO. Note: HCRO and GPRO sites did not have NAA operational 
temperature targets defined. 

Mon 

HCRO 

TMDL 

HCRO 

AA 

DEXO 

TMDL 

DEXO 

NAA 

DEXO 

AA 

CGRO 

TMDL 

CGRO 

NAA 

CGRO 

AA 

GPRO 

AA 

SSFO 

TMDL 

SSFO 

NAA 

SSFO 

AA 

BCLO 

TMDL 

BCLO 

NAA 

BCLO 

AA 

Jan 42.4 40.0 43.7 40.1 40.4 41.9 40.1 40.1 41.0 43.0 40.1 41.0 41.7 42.0 41.2 

Feb 42.4 40.2 43.7 42.0 39.9 41.9 42.0 42.1 42.0 43.0 42.0 42.0 41.7 42.0 42.0 

Mar 42.4 45.2 43.7 42.1 46.6 41.9 42.1 42.1 42.1 43.0 42.1 42.1 41.7 44.0 43.4 

Apr 42.4 48.0 43.7 45.1 50.7 41.9 45.1 45.1 45.1 43.0 45.1 45.1 41.7 46.0 43.7 

May 46.0 52.3 47.5 49.1 54.2 45.9 49.1 49.1 49.3 46.8 49.1 51.1 45.1 50.0 48.5 

Jun 51.8 59.0 55.8 56.1 56.6 50.0 56.1 56.1 57.3 54.3 56.1 55.0 49.5 54.0 53.4 

Jul 57.6 64.4 63.3 61.2 64.6 53.1 61.2 61.2 65.0 65.1 61.2 60.1 55.0 55.0 58.2 

Aug 56.5 64.4 61.7 60.3 66.2 51.6 60.3 60.3 65.8 64.4 60.3 60.1 55.0 55.0 60.5 

Sep 54.5 58.1 57.0 56.1 62.5 49.1 56.1 56.1 59.7 59.9 56.1 57.9 51.6 54.0 58.0 

Oct 49.3 52.3 50.4 50.0 54.2 45.0 49.1 49.1 50.8 54.7 50.0 50.8 45.9 52.0 53.2 

Nov 49.3 46.4 50.4 50.0 46.3 45.0 44.1 44.1 43.9 54.7 50.0 43.9 45.9 46.0 48.4 

Dec 42.4 42.1 43.7 41.0 42.6 41.9 41.0 41.0 42.0 43.0 41.0 42.0 41.7 46.0 43.3 
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Table 1-6. Temperature targets used in WV EIS and sources.  

Site Alternatives Applied Citations 

5ŜǘǊƻƛǘπ.ƛƎ /ƭƛŦŦ ό./[hύ b!! bh!!Σ нллуΤ ¦{!/9Σ нлмт 
 

мΣ нŀΣ нōΣ оōΣ пΣ рΣ 
b¢ha 

.ǳŎŎƻƭŀΣ Ŝǘ ŀƭΦΣ нлмнΤ ¦{!/9Σ нлмфō 

DǊŜŜƴ tŜǘŜǊ όDtwhύ мΣ нŀΣ нōΣ оŀΣ пΣ рΣ 
b¢ha 

aƻƻǊŜΣ мфспΤ .ǳŎŎƻƭŀΣ нлмт 

CƻǎǘŜǊ ό{{Chύ мΣ нŀΣ нōΣ оŀΣ пΣ рΣ 
b¢ha 

aƻƻǊŜΣ мфспΤ .ǳŎŎƻƭŀΣ нлмтΤ ¦{!/9Σ нлнлŎ 

/ƻǳƎŀǊ ό/Dwhύ b!!Σ мΣ нŀΣ пΣ b¢ha bh!!Σ нллу 

Iƛƭƭǎ /ǊŜŜƪ όI/whύ оŀΣ п aƻƻǊŜΣ мфспΤ .ǳŎŎƻƭŀΣ Ŝǘ ŀƭΦΣ нлмсΤ ¦{!/9Σ 
нлмс 

[ƻƻƪƻǳǘ tƻƛƴǘπ5ŜȄǘŜǊ 
ό59·hύ 

мΣ оōΣ пΣ b¢ha aƻƻǊŜΣ мфспΤ .ǳŎŎƻƭŀΣ Ŝǘ ŀƭΦΣ нлмсΤ ¦{!/9Σ 
нлмс 

1.4.2 South Santiam 

A temperature target based on measured monthly mean temperature 0.7 mi upstream from 
the mouth of the Middle Santiam River, prior to construction of Green Peter and Foster Dams 

from 1954 to 1962 (site 14-1865 in Moore, 1964), was developed for both the GPR and FOS 
models in all WV EIS alternatives (GPR_Moore1964 in Buccola, 2017; GPRO - AA in Figure 1-4). 
This temperature target based on pre-dam temperature measurements from the Middle 

Santiam River ranges from about 5.0 °C (41.0 °F) in winter to a high of near 19.0 °C (66.2 °F) in 
July (Table 1-5).  

A temperature target for Foster was developed in Buccola (2017) using similar methods as 
described above for Green Peter (Figure 1-4). However, the operational rules at Foster 

balancing flood risk management, re-regulating Green Peter, fish passage, etc. resulted in 
limited ability for the temperature model to blend flow between release outlets to meet a 
target. Further, the elevation of the spillway crest and turbine intakes at Foster Dam (both 

relatively deep), limits the ability to affect water temperature immediately downstream of 
Foster and is typically dominated by Green Peter release temperature and the unregulated 
South Santiam River temperature upstream of Foster.  

1.4.3 South Fork McKenzie 

Minimum and maximum temperature targets were developed and agreed upon for Cougar 
Dam by the resource agencies (NOAA, USFWS, and ODFW) in 1984 to benefit the downstream 

ESA listed anadromous fish (NOAA, 2008). The maximum target is used by the CE-QUAL-W2 



Willamette Valley System Operations and Maintenance 
Final Environmental Impact Statement 

D-20 2025 

model in all WV EIS alternatives to release the maximum volume of warm surface water during 
the summer, saving cooler deeper water for the fall.  

 
Figure 1-5. Resource Agencies (RA) Targets for South Fork McKenzie River below Cougar Dam. 

The maximum RA target was used for the Cougar Reservoir CE-QUAL-W2 

temperature model in each of the WV EIS alternatives. 

1.4.4 Middle Fork Willamette 

Temperature targets were developed for Hills Creek and Lookout Point Dams (Buccola, et al., 

2016; USACE, 2016) based on upstream temperature and flow data from USGS gages. The Hills 
Creek temperature target (HCR Upstream Mix in Figure 1-4) was based on Middle Fork 
Willamette River near Oakridge, OR, USGS 14144800 (located 8.0 river miles upstream of the 

dam) and Hills Creek above Hills Creek Reservoir, USGS 14144900 (located 4.1 river miles 
upstream of the dam). A flow-weighted average temperature of these two tributaries was 
calculated using a watershed area estimation method as a surrogate for missing flow data (264 

and 52.7 square miles respectively).  

The calculations for developing a temperature target downstream of Lookout Point and Dexter 
Dams (LOP Upstream Mix in Figure 1-4) were more complex. Upstream temperature and flow 

were from North Fork of Middle Fork Willamette River near Oakridge, OR (USGS 14147500, 5.0 
river miles upstream of the Lookout Point Reservoir) and the upstream mix temperature and 
inflow at Hills Creek Reservoir (calculated as described above; 11.5 miles upstream of Lookout 
Point Reservoir). Little data is available for Salt and Salmon Creeks, tributaries to the Middle 

Fork downstream of Hills Creek Dam and upstream of Lookout Point Reservoir. Therefore, it 
was assumed that water temperature at the mouth of these tributaries is similar to the North 
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Fork measurements and Middle Fork upstream mix calculations. It is 18.7 river miles from the 
head of the Lookout Point Reservoir to the gage downstream of Dexter Dam. 

The warmest daily mean outflow temperature from Hills Creek Dam between 1978 and 2014 
typically occurs around October 8th and has ranged 13.9 to 17.6 degrees C with a mean of 14.9 
degrees C (Figure 1-6). The peak upstream mix temperature between 1956 and 2014 typically 

occurs on July 27th and has ranged from 13.8 to 20.6 with a mean of 16.6 degrees C. The 
magnitude and pattern of the upstream mix temperatures is similar to the measurements of 
the North Fork of the Middle Fork Willamette near its mouth, an unregulated system. The 
headwaters of both watersheds are in the high Cascades and the Middle Fork watershed area is 

392 square miles while the North Fork is 246 square miles. The temperature similarity increases 
confidence in using the upstream mix calculation as a surrogate for natural temperatures.  

The warmest daily mean outflow temperature from Dexter Dam between 1978 and 2014 

typically occurs around September 14th and has ranged 14.6 to 19.5 degrees C with a mean of 
16.3 degrees C (Figure 1-7). The peak upstream mix daily mean temperature between 2001 and 
2013 typically occurs around August 4th and has ranged from 18.0 to 21.1 with a mean of 19.4 

degrees C. The magnitude and pattern of the upstream mix calculation is similar to monthly 
average temperature collected prior to construction of the dams from 1950 ς 1953 (Moore 
1964). The temperature similarity increases confidence in using the upstream mix calculation as 

a surrogate for natural temperatures. 

 

Figure 1-6. Hills Creek Dam operation temperature control target with comparison to relevant 

temperature ranges, the 2015 Detroit (DET) temperature target and anticipated 
Chinook salmon life stages. 
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Figure 1-7. Lookout Point Dam operation temperature control target with comparison to 

relevant temperature ranges, the Detroit (DET) temperature target and 
anticipated Chinook salmon life stages 

1.5 SIMULATED RESULTS 

The model CE-QUAL W2 was utilized to simulate water temperatures at all sub-basins and 
downstream to Salem, except for the Coast Fork and Long Tom sub-basins, for the years 2011, 
2015, and 2016. Each year represented a different climatological condition: wet year (2011), 

dry year (2015), and average year (2016). CE-QUAL-W2 reservoir water temperature model 
output was analyzed for each of the three calendar years and alternative, aside from 
Alternative 5 (qualitatively assessed due to time constraints and close resemblance to 

Alternative 2b). CE-QUAL-W2 water temperature simulations in the reservoirs and downstream 
were based on inflow discharge, inflow water temperature, air temperature, dew point 
temperature, wind speed, wind direction, solar radiation, cloud cover, and gate-specific outflow 
as data inputs for each simulation. Daily average gate-specific outflows and lake elevations 

were derived from HEC-ResSim simulations under each alternative. Lake surface elevations in 
CE-QUAL-W2 reservoirs were forced to match lake levels from HEC-ResSim through a water 
balance process in which a time-series of distributed tributary inflow values (QDT) was added to 

(or subtracted from) specific to each reservoir, year, and alternative model run. Inflows 
generated by HEC-ResSim were occasionally near zero, due to evaporation loss assumptions at 
each reservoir.  

This section will focus on discussion of the water management and water temperature 
implications generally between April and December each year simulated through CE-QUAL-W2, 
as this is the time of year that is most impacted by the heat-exchange process occurring in the 

reservoirs during summer and conveyance of heated water downstream of the dams through 
autumn. A full description of hydrology and water management operations throughout the 
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entire calendar year can be found in the Hydrology and Hydraulics Appendix B and Chapter 3.2. 
Please refer to section 3.5 Water Quality Affected Environment for additional discussion of 

water temperature under the NAA.  

1.5.1 No Action Alternative (NAA) 

The NAA simulations are based on HEC-ResSim inflow hydrology (including constant reservoir-

specific evaporation rates in each year), gate-specific outflows, and lake surface elevations that 
are different from those that took place historically. Simulated outflow temperatures depend 
on lake surface elevations and gate-specific outflow data from HEC-ResSim rulesets established 
for the NAA to allow for equivalent assumptions in each year and could differ from 

measurements in 2011, 2015, and 2016. Differences in lake surface elevation and gate-specific 
outflows can affect lake surface area, volume, heat content stored in the lake, and the amount 
of heat released in downstream water in a given year. See the section Comparison of NAA with 

Measurements for more details comparing simulated HEC-ResSim operations and simulated 
NAA temperatures with measurements. 

1.5.1.1 North Santiam Dams 

The North Santiam sub-basin is represented at BCLO and includes Detroit reservoir interim 
temperature operations. NAA included up to 60% of total outflow released through the Detroit 
Dam spillway from June 1 to August 30 (if/when the lake is above the spillway crest) and up to 

60% of total outflow released through the Regulating Outlets from October 1st to November 15. 
The low water year of 2015 (Figure 1-9) resulted in Detroit Lake not filling to the spillway crest 
(Figure 1-11), which resulted in relatively warmer temperatures compared to 2011 (Figure 1-8) 

and 2016 (Figure 1-10), especially in July-October. Water temperature under the NAA would be 
similar to observed values since the issuance of the BiOp and implementation of operational 
water temperature management (Figure 1-12; Figure 1-13).  
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1.5.1.1.1. Detroit  

 
Figure 1-8. Temperature-Elevation Isopleth (top), Gate Outflows (middle), and outflow 

temperatures (bottom) at Detroit under NAA in 2011. 
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Figure 1-9. Temperature-Elevation Isopleth (top), Gate Outflows (middle), and Outflow 

Temperatures (bottom) at Detroit Under NAA in 2015. 
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Figure 1-10. Temperature-Elevation Isopleth (top), Gate Outflows (middle), and Outflow 

Temperatures (bottom) at Detroit Under NAA in 2016. 
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Figure 1-11. Comparison of DET Daily Lake Surface Elevations in NAA vs Measured. 

  
Figure 1-12. Comparison of DET Outflow Temperatures in NAA vs Measured. 
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Figure 1-13. Comparison of DET 3-year Average, Min, Max Daily Outflow Temperatures in 

NAA vs Measured. 

1.5.1.2 South Santiam Dams 

1.5.1.2.1 Green Peter  

Green Peter operations in NAA are identical to those under the Affected Environment, 
consisting of relatively deep releases from the Power penstock and ROs year-round (Figure 

1-14; Figure 1-15; Figure 1-16). Differences between NAA and measurements in lake levels in 
the three calendar-year scenarios were relatively minor, aside from 2015 (Figure 1-17), and 
generally led to differences in outflow tailwater temperatures less than 2 degrees Celsius. 

Short-term differences between NAA and Measurements in fall of 2016 can be attributed to 
model sensitivity during fall storms as the lake is drafted and the thermocline depth is affected 
by upstream inflow temperatures (Figure 1-18; Figure 1-19).  
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Figure 1-14. Temperature-Elevation Isopleth (top), Gate Outflows (middle), and Outflow 

Temperatures (bottom) at GPR in 2011. 
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Figure 1-15. Temperature-Elevation Isopleth (top), Gate Outflows (middle), and Outflow 

Temperatures (bottom) at GPR in 2015. 
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Figure 1-16. Temperature-Elevation Isopleth (top), Gate Outflows (middle), and Outflow 

Temperatures (bottom) at GPR in 2016. 
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Figure 1-17. Comparison of GPR Daily Lake Surface Elevations in NAA vs Measured. 

 
Figure 1-18. Comparison of GPR Outflow Temperatures in NAA vs Measured. 
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Figure 1-19. Comparison of GPR 3-year average, min, max outflow temperatures in NAA vs 

Measured. 

1.5.1.2.2 Foster 

At Foster, temperature operations under the NAA would remain similar to the Affected 
Environment whereby the Foster fish weir and night-time spill operations of 300 cfs would 
remain in effect from June 16 until August 15 (Figure 1-20; Figure 1-21; Figure 1-22). As Foster 

is a reregulating dam for Green Peter, Foster Lake temperature was affected by Green Peter 
Dam operations release temperatures, generally resulting in travel times through Foster of 10-
20 days during summer and a time lag in the temperature pattern (Sullivan and Rounds, 2021). 

Major differences between NAA and measurements can be linked to operational lake levels 
(Figure 1-23), especially in 2015 (Figure 1-24), where the time during which the fish weir could 
be used was reduced. Generally, NAA was warmer in July-October and cooler in December 

compared to measurements (Figure 1-25). 
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Figure 1-20. Temperature-Elevation Isopleth (top), Gate Outflows (middle), and outflow 

temperatures (bottom) at FOS in 2011. 
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Figure 1-21. Temperature-Elevation Isopleth (top), Gate Outflows (middle), and outflow 

temperatures (bottom) at FOS in 2015. 
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Figure 1-22. Temperature-Elevation Isopleth (top), Gate Outflows (middle), and outflow 

temperatures (bottom) at FOS in 2016. 
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Figure 1-23. Comparison of FOS Daily Lake Surface Elevations in NAA vs Measured. 

 
Figure 1-24. Comparison of FOS Outflow Temperatures in NAA vs Measured. 
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Figure 1-25. Comparison of FOS 3-year average, min, max outflow temperatures in NAA vs 

Measured. 

1.5.1.3 McKenzie Dams 

1.5.1.3.1 Cougar  

The Cougar water temperature control tower would continue to be operated annually to draft 
water to 1541 ft elevation by November 15 under NAA. Once water elevation is below 1541 ft 

there are no temperature control operations (Figure 1-26; Figure 1-27; Figure 1-28). The largest 
temperature differences between NAA and measurements can be linked to operational lake 
levels (Figure 1-29), especially in 2016 (Figure 1-30), when a drawdown occurred in the 

measurement record that resulted in no ability to use the temperature control tower. 
Generally, NAA was warmer in July and cooler in November-December compared to 
measurements (Figure 1-31). 
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Figure 1-26. Temperature-Elevation Isopleth (top), Gate Outflows (middle), and Outflow 

Temperatures (bottom) at CGR in 2011. 
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Figure 1-27. Temperature-Elevation Isopleth (top), Gate Outflows (middle), and Outflow 

Temperatures (bottom) at CGR in 2015. 
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Figure 1-28. Temperature-Elevation Isopleth (top), Gate Outflows (middle), and Outflow 

Temperatures (bottom) at CGR in 2016. 
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Figure 1-29. Comparison of CGR Daily Lake Surface Elevations in NAA vs Measured. 

 
Figure 1-30. Comparison of CGR Outflow Temperatures in NAA vs Measured. 






































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































