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WTCT
WVP
WVEIS
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National Oceanic and Atmospheric Administration
Near Term Operations Measure
ResourceAgencies (NOAA, USFWS, and ODFW
Regulating Outlets

Willamette Rverat Salem

South Santiam near Foster gage

Selective Withdrawal Structure

Total Dissolved Gas

Total Daily Maximum Load

Tailwater

Upper Regulating Outlet

United States Army Corps of Engineers

United States Fish and Wildlife Service

United States Geological Survey

Willamette Action Team for Ecosystem Restoration
Water Temperature Control Tower

Willamette Valley Project

Willamette Valley Environmental Impact Statement
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THEWATER QUALITY ANALYAPEENDIX HAS BEEN REVISED IN FORMAT FROM THE DEIS
REPEATED INFORMATION HAS BEEN REMOVED
INSERTION OF LARGE AMOUNTHEERF IS IDENTIFIED; MINOR EDITS ARE NOT DENOTED

Summary of changes from the DEIS:

U The FEI&ppendixincludesanalyses based on incorporation of the NMFS Biological
Opinion requirements related to minimum target flowas applied to the Interim
Operations.

U This appendix was not edited for the FEIS. Consequemndigrences to Neaterm
Operations Measures, or NTOMs, have not been updated to Interim Operationis dse
EIS and other appendices.

U Several DEIS figures habeen revised in the FEIS.

= N N
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CHAPTER-WATERIEMPERATURRNALYS

Resource NameWater Quality
t NB LJ- NS N¥o@n Boctod S Y
Date of LasRevision3/26/2025

Water temperature within theVillamette Valley SystenW\VS)was assessed through a series

of 2-dimensional (longitudinal/vertical) hydrodynamic-QEJAEW2 reservoir and river models
(Wells, 2020). This model has been widely used and applied to water bodies around the world
(Berger, Annear,rad Wells 2002;West Consultants, 2005; Sullivan and Rounds, 2BQ€cola,

et al., 2012;Threadgill et al., 2012Buccola, et al., 201Buccola and Stonewall 2016; Buccola,
Turner, and Rounds 201&uccola, 2018; Sullivan and Rounds, 2021; USACE,.Z020a)
complete list of the model applications, see the W2 websit&://www.ce.pdx.edu/w2/. The
water temperature models were driven primarily by outlet gate flows and lake elevations
simulated in HEEIECResSin{https://www.hec.usace.army.mil/software/hecessim)) and are
described further in Chapter 3.2 (Effects Analgdiydrology and Hydraulics) afi@chnical
AppendixB (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 LIMITATIONSASSUMPTIONS, AND UNCERTAINTY

1 The WillametteRver reachdownstream of Willamette Falls is not includlan the water
guality analysis for th Willamette VallelS.

1 The impact of operations to temperature were quantified using mechanistic models (CE
QUALEW?2). All models are simplifications of the real world and represent the processes that
are important to water temperature.

9 Daily average flows were used in tAiECResSIMCEQUAEW?2, and TDG modeling. Sub
daily temperature variation was simulated in the-QEHAEW?2 modeling,but results were
summarized as daily mean and maximum values.

1 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 dowam
waters, or lack of a GRUAEW2 model. The simulated water temperature effects of
proposed structureselective Withdrawal Structuf&WS], Floating Screen Structure [FSS],
Floating Surface Collector [FSC]) are based on the most current desigre (ayicable).

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

1 Due to extreme low water and resulting-QEJAEW2 model instabilities during summer/fall
of 2015, a minimum streamflow rule was applied at some locations downstream of the
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dams so that model output can be passed downstream to the Willamette RiveMsdel
Configuration}.

1.2 MODELDEVELOPMENT

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

In the North Santiam subbasin, the extent to which a hypothetealperature control

structureat Detroit Dancan control water temperaturéas been examineith 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 fioe tDetroit SWS (Selective Withdrawal Structure)
and FSS (Floating 8en Structure), USACE comedrsimulated water temperature derived

from cooler and warmer springummer targets with and without the presence of a

temperature control structure at Detroit. These model simulations were shared with University
of lIdaho to support a study of the tradeffs 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 springummer targets lead to warmer autumn temperature, even with the
presence of a water imperature control structure at Detroit Dam (see Section 7 and Figures
12-15 in Keefer, et. al., 2019).

Previous vater 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 BSAC
dams. However, each subbasin is unique in the relative ability to provide cool water
temperature downstream of thelams,even with the inclusion of a water temperature control
structure in place. For examplepokout Point and Dexter dams oretiMiddle Willamette River
are relatively lower in their respective sddasins than Detroit, Green Peter, Cougar, and Hills
Creek Dams. This results in longer travel times and warmer temperatit@®kout Poing
DexterDans compared tohigher damlocations. Previous studies investigafthe potential for
structural and operational changes to Middle Fork Willamette dams (Buccola, et.al., 2016)
resulted inless ideal thermal habitat for ESIAted Chinook and steelheassociated with

those changes than e& in other subbasins.

To evaluate water temperature throughout the WVP with the proposed operations and
structures included in the WVS EIS alternative sQUBEW?2 water temperature models were
updated and refinedqStratton-Garvin, et. al., 2022a; Stratte@arven, et.al., 2023Summary fit
statistic rangesfor the modelson a subdaily, daily maximum, and daily minimum basis over the
calendar years 2011, 2015, and 2@ shown inTablel-1 and rarely exceed 1 degree Celsius
mean absolute error, which is within the acceptable range for water temperature models.
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Table1-1. CEQUAEW2 Water Temperature Model Fit Statisti¢en Subdaily, Daily
Maximum, and Daily Minimum Basis) for Calendar Ye2041, 2015, and 2016 at
Select Streamgage Locations Downstream of WVP Dams

SubBasin/Reach Name

Model

Model Outflow Fit Statistic
Range (Mean Absolute Errg
in degrees C)

Source

North SantiamRiver Detroit ¢ Big Cliff 0.46 to0 0.78 Table 10 in StrattoiGarvin
(USGS 14181500) (2023)

Santiam River SantiamRiver Near Jeffersol 0.44 to 0.86 Table 3 in StrattofGarvin
(USGS 14189050) (20229)

South SantianRiver Green Peterg Foster 0.58 t0 0.75 Table 10 in StrattoiGarvin
(USGS 14187200) (2023)

McKenzieRiver Cougar Lake 0.68 to 1.15 Table 8 inStratton-Garvin
(USGS 14159500) (2023)
McKenzie River 0.48 to 1.13 Table 3 in StrattofGarvin
(USGS 14164900) (20229)

Middle Fork Willamette Hills Creek Lake 0.29 to 1.09 Table 5 in StrattofGarvin

River (USGS 14145500) (2023)
Lookout Pointg Dexter 0.51to 1.00 Table 7 in StrattoiGarvin
Lakes (2023)
(USGS 14150000)
Middle Fork / Coast Fork 0.25 to 0.66 Table 3 in StrattofGarvin
Willamette (20229)
(USGS 14152000)

Upper WillametteRiver Willamette at Albany 0.47 to 0.75 Table 3 inStratton-Garvin
(USGS 14174000) (20229)

Middle WillametteRiver Willamette at Keizer 0.44 t0 0.62 Table 3 in StrattoiGarvin

(USGS 14192015)

(20223)

1.2.1 CalendarYear<lection

Three representative calendgears from recent decades were chosen to simulate water
temperature in the network of Willamette Basin -CEJAEW?2 models used in the WV EIS

(Figurel-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 exceedaoes

of Salem Airport McNary Field air temperature (NOAZW00024232NOAA, 2020];
SIm_AirTDegrees Jj, unregulated streamflow at Salem (derived fretBGResSIim
SLM_FlowUnreg(Kcjsandunregulated streamflow at Detroit, Oregon (derived fréfBEC
ResSImMDET _FlowUnrd#cfs) for these three years are shownhigurel-2 and Tablel-2.

More background on the year selection process and environmental conditions can be found in

Stratton Garven (2022a).
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USGS 14191000, Willamette River at Salem
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USGS 14192015, Willamette River at Keizer
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Figurel-1. Streamflow (top) and water temperature (bottom) at Salem/Keizer, Oregon in
2011, 2015, and 201@Reproduced from Stratton Garvin, 2022a).

Table 1-2. Exceedance percentiles for mean annual Salem air temperature (SIm_DBegiees
P), Salem unregulated streamflow (SLM_FlowUnreg), Detroit unregulated
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streamflow (DET_FlowUnreg) in 1923019 (only 20002019 data are shown here

for brevity).
SIm_AirT SLM_FlowUnreg DET_FlowUnreg
Year (Degrees J- (Kcfs) (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
2016 94 10 4
2017 83 79 62
2018 95 27 20
2019 40 85 50
DET_Flow_Unreg_Kcfs SIm_AirT_DegF SLM_Flow_Unreg_Kcfs
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Figurel-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 afcord (19362019).
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1.2.2 Model Configurations

A network of 7 hydrodynamic SBUAEW?2 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 USAQdhaged projects. Reservoir temmture

models were developed for Detroit (Sullivan and Rounds, 2007), Big CIliff (Buccola, et al., 2012),
Green PeteiFoster (West Consultants, 2005; Buccola, et al., 2013), Collyaadgill et al.,

2012, and the Middle Fork Willamette complex includiHdls 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 Betroit Dam Buccola, et.al, 201&nd 2017;USACE,

201%), Green PeteFoster (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 radel calibration for the WV EIS simulations. HowevetQUREW?2 model

code was modified to increase model stability and decrease modetimas, especially during

deep reservoir drawdownsSgratton et al., 20283

Below theCEQUALEW?2 reservoir models were a network of -QEJAEW2 river models,

previously calibrated for the North Santiam (Sullivan and Round, 2004), South S&Bitiem (
2016, and other tributaries to the Willamette Rivekiinearet al,, 2004; Berger and others,

2004; Sullivan and Rounds, 20@kregon Department of Environmental Quality, 2008his

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 iniliamette StrattonGarvin
andRounds, 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 HEGResSinmodeling incorporates a84-yearsimulation (spannind935 ¢ 2019, CE

QUAE2 H Y2RSftAYy3 AyOfdzRSR GKNBS OFftSYRIFNI @S| NBR
GRNEES HnanmcY ay2NXIf£€0 RdzS G2 GKS tS@St 2F S7¥
temperature modeling (Stratton Garvin and others, 2021). Resemadels were simulated for

the January through December period, while river models were simulated April through

October. Distributed tributary flows added or withdrawn frdahre system to ensure lake levels

matched intended operations were estimated using a Water Balance Utility available with the
CEQUAEW2 download.

A simplifying assumption was madeHECResSinand CEQUAEW?2 that Big Cliff Dam (a+e
regulating reservoir) outflow was equal to Detroit outflow on a daily ave t@gs through

each WV EIS alternatiyee., no tributary inputs to Big Cliff Reservoir were includ&inilarly,

the re-regulating reservoir oDexter 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 warmirfgtee outflow from LOP. For this reason, the
combined effect from LOPEX was analyzed at the downstream outlet below DEX.

In some instances, total outflow from individual dams as output filEEResSinwas too low
for the downstream river models to simulatln these cases, ateratively 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 modelel&By
ResSinto be less than 8 cms (283 cfs) on 63 days of 20lthese caseHECResSirderived
outflow was used to specify outflow from Foster Dam but increased to a minimum of 8 cms
(283 cfswhen input to the South Santiam River modHEiis 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. Thedlow changes ITEQUAEW2modelsbelowsome dams
occurred primarilyduring summer/fall of 201%&nd 2016 where minimum streamflow ruls

were applied as shown ihablel-3.

Table 1-3. Minimum flow values applied to inflow (cms)of river water temperature models
below each WVP darfas floor toHECResSinprovided 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
Altl
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 CIiff NA 11 NA
Alt3a
Foster 8 8 8
Big CIiff 11 11 15
Alt3b
Cottage Grove 1.42 1.42 NA
Dexter NA NA NA
Foster NA 8 |8
Big CIiff NA 11 NA

Existing and proposed outlet propertiéer CEQUAEW?2 reservoitemperature modes are
shown inTable1-4. These properties are inputs to the model (w2_selective.npt file) for
blending between multiple outlets in the attempt to meet a downstre@mperature target
(Rounds and Buccola, 2Q1%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 configuratidaseach project are listed below.

1 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 Measurddi@sFurther investigation into

I O dzI f

OSYUSNIAYyS StSglriArzya
respectively. While these changes were not incorporated into WV EIS temperature models,

27

! LILIS NJ wh

they will be included in further studies as updateghe Detroit Lake GRUAEW?2 model.

1 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. Q49

and Q5 represent approximate gaps within the existing Water Temperature Control Tower

(WTCT). Model calibration has ledawapproximation of the weir leakage a% of total
outflow througheach ofQ3,Q4, and Q5The diversion tunnel (Q7: Dtnrdpes not
currently exist as a regularly operable outlet but is considered in Measuréséédleasure
Assumption¥with structural/mechanical modifications for regular operation.

I Y F

1 Foster Dam (FOS) has 7 gates. The primary gates currently in use at the dam are Q2 through
Q7.There are three Power intakes: BawerUyp; providingattraction water to thefish
ladderside entrance Q6 PowerLow, supplying the fish facility and fish ladder, and Q5
(PowerMain providing the bulk of the river flow for most of the ye@rs % 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 operagiAll gates except Q1.

FWWS seeMeasureAssumption} currently exist at the danQ7 is not used in the WV EIS
analysisas it typicallydischargesiegligible flowlevelsto the fish hatchery during the spring
and summer.

1 Green Peter (GPR), Lookout Point (LOP), and Hills Creek (HCR) have 3 gates at each project.
1 Big CIliff (BCL) and Dex{®EXhave 2 gates at each project (Power and Spillway)

Table 1-4. Reservoir Model Gate Configuratiorand Centerline Elevations for GRUAEW2
Reservoir Modelgabbreviations: URO = Upper Regulating Outlets, LRO = Lower
Regulating OutletsSWS = Selective Withdrawal Structure, CGenterline, 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 Auilt 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 12700
DET Q5 SWS_HIW 429.8 1410.1
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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 FSS8 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

1.3 MEASURRSSUMPTIONS

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 f&dgpas
measures and balance other authorized purposes as best as possible. Many structural
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modifications are assumed and would require detailed design work to be implemefftdid.
measure descriptions are provided in Appendix A, and assumptions used for ResSim modeling
are provided in Appendix Baeneral measure descriptiopgrtaining to water temperature
modelingare as follows:

1 Measure 105Construction of selective withdrawal structures (SVWB¢ SW$ould be
constructedon the face of higfhead 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 danThe 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
facilites (notably Measure 392: construct downstream passage) to meet the requirements
of fish passage RPAs (NMFS 2008).

1 Measure 479Modify existing outlets to allow releases at varying depths for temperature
controt Outlets exist at some WVP dams wop&rmitenhanced temperature control if
such outlets were modified to allow for regular operation at relatively low flows during
ApritNovember. This measure would call for modifying existing outlets to allow for routine
usage specific to each project to help t@® normative temperatures to extent possible
using existing outlets.

1 Measure 1660perational Temperature Control fGooler WaterUse existing outlets to
discharge colder water during drawdown operations in fall and winter to reduce water
temperatures below dam®ue to the strong stratification that most the valley lakes
experience during the spring, summand 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 chindwoegg incbation 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 anttmperature targets align with those used in previous studies
(Buccola, et.al, 2016; Buccola, et.al, 2017, USACE, 2019a; USACESi8ajed mixing
between outlets depends on temperature targets imposed in temperature models and may
differ from outletflow ratios simulated irHEGResSimmodel.Note: Minimum gate
openings are not accounted for HECResSinor CEQUAEW2.

1 Measure 7210perational Temperature Control for Warmer Watdse of the spillwayo
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/earlgrwihien
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 D&ater
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 outledependson temperature targets imposed in
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temperature models and may differ from mix simulatedHECResSimmodel.Note:
Minimum gate openings are not accounted foHECResSinor CEQUAEW?2.

1 NearTerm Operations MeasuréNTOM) Based upon th&J.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 ESksted salmonids diing the interim period until the completion of
the reinitiated ESA consultatipissued orSeptember 1, 202IThe NTOMnicludes sixteen
measures that require changes to holne WVS dams are operated and three measures
that modify existing structure@escribed 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 subbasin in Section 1.3 below.

1.3.1 North Santiam

The following are sitespecific measure details applied to the Detroit QHAEW2 model:

Measures 105 392 at Detroit Damcontain autlet details andemperature targets similar to

those used in previous studies (Buccola, et.al, 2016; Buccola, et.al, 2017, USACHZ019b)
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 feetpd@€8 DEPTH 7.62 [m] in
w2_selective.nptile) was used. Maximum outflow from the FSS was assumed to be 4600 cfs
(Q3 MAXFLOW 130.26[cms]).

Measures 166 721 at Detroit Damwere implemented irHEGResSinas 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 GRUAEW?2 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 staual/mechanical safety concerns.
ThisMAXHEARestriction was removed for Alternative 3a/3b to match the Measure 479
description belowWhen Measures 721 and 166 were combined with Measure 714 (Alternative
3b), MINFLOW alues for all outlets were set to 0 which allowed the model optimization to

meet downstream temperature target with no restraint. The lower 2 PRIORITY Fwas
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 479at Detroit Damdescribes theeinforcement and strengthening oégulating
outlet (RO) gates and tunnels, which exist at elevati3# ft (upper ROs) antl265ft (lower
ROs). The ROs were not designed to be operated regularly with extreme head préssige.
this measure, Bad pressure limits are not to exceed the spillway crest for the uppdrower
RO9Q1 MINFRAC =59.7, Q4 MINFRBEZG- 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 releasder flows in the late

fall (typically November).

NTOMat Detroit Damincludesa spring spillway operatiofor downstream fish passage and
operational downstream temperature managemendtm mid-Marchuntil the lake is below the
spillway crest (typically until Julugust) In the autumn and winter, use of the upper and lower
ROs during nightime hours when lake elevation is below 1500 feet at Detroit Dam is intended
to improvefish passagand access relatively cooler water temperatai@vnstream(similar to
Measure 166 and Alternative 3a/3b)nder thismeasure, head pressure limits are not to
exceed 200 feet for the upper and lower RQ4 MINFRAC = 61.3, Q4 MINFRAC = §tile

the precise description of this measure specifies niyhe RO usage, the ResSim boundary
conditions to the water temperature models are daily averages and will not contaimdidy
specificity.ResSim rulespecified a 75% / 25% sgii-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. Howevemperature blending tCEQUAL
W2was assumed to occur yeawund to attempt at meeting the downstream temperature
targetand resulted irefined time-varying spito-power splits

1.3.2 SouthSantiam

The following are sitespecific measure details applied to the Green Pef@ster CEQUALEW?2
model:

Measures 105, 392t Green Peter Daroonsists of assumptions similar to those used at Detroit
Dam with a floating outlet at 25 feet dee@2DEPTH 7.62 [m] inv2_selective.npfile).
Maximum outflow from the FSS was assumed to be 4000Q&FMAXFLOW¥ 113.27[cms]).

Measure 392at Foster Dangeneralizes a downstream fish passage structure witkh8HD cfs
surface spill through a safe and effective route (spillway or screened intake). This structure was
simulated iINHEGCResSinwith the assumption of a yeaound fish passage of 600 cfs as

a{ LIAE f 6 e-QUARWZZtdistsuracé splll as designated in the Q2 (Weir) outlet with a
floating DEPTH value of 1 m (3.3 ft), minimum flow (MINFRAC) valie @9 (600 cfs), and the
same blending (PRIORITY) group of 1 with@5 PowerMair) outlet (designating that both

outlets were blended to meet a mutual temperature target). Further, Q5 was designated a
minimum flow (MINFRAC) value-df2475(150 cfs).

Measures 166 721 at Green Peter Dawas implemented itHECGResSinas 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 theBEQUAEW2 model Q2 MINFLOWE 0.4) to

meet the downstream temperature target optimally. When Measures 721 and 166 were
combined with Measure 714 (Alternative 38)INFLOW alues for all outlets were setto O

which allowed themodel to optimize to meet downstream temperature target with no

D-12 2025



Willamette Valley Syste@perations and Maintenance
FinalEnvironmental Impact Statement

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 479at Foster Dams described as the Foster WaiWiater 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 &melier manner during the spring. Assumptions fECResSinmodeling

include 144 cfs in May and 72 cfs during June thiaihg FWWS (bpassing the turbines). €E
QUALEW?2 modeling allocates these exact flows through the FWWS outlet (Q1) with a centerline
elevation of 630 ft. Pogprocessing can refine this flowrate and calculate an optimal flow that
will meet a separate tempature target for the fish ladder, similar to methodsHpster Fish

Ladder Improvements Project Design Documentation RepBACE, 2020).

NTOMdetails for the South Santiam sdidasin are as follows:

1 Green Peter includes spring spillway operatiofor improveddownstream fish passage
when lake elevation is above spillway crest (971 ft) f@dnMarch untilO1 May or for 30
days, whichever is longésimilar to Measure 714 in Alternatives 3a and 2b). From early
September to mieDecember, a dep drawdownat Green Peteftargeting 780 ft elevation
15 November to 15 Decembeahd RO prioritizatior{when lake is below 887 fi3
prescribedfor improved downstream fish passa@milar to Measure 40 in Alteatives 2a,
2b, 3a, and 3b).

9 Foster Danincludesa celayed refill until 15 May (targetin@37 ft between 16 May ané
September) $ringspillwayis usedo improve downstream fish passa@m 1-Februaryto
15 June(lake elevatior613 ft.from Felruary toMay;lake elevatior637 ft. Mayto Juy).
Summerfish weiruse (300 cfs [8.5 cms] through QOT&)m 16 Juneo 31 Julyto improve
downstream temperature management and upstream fish migration/passdgkze the
spillwayfor 60% of the day with 40% through the penstofiisimproved downstream fish
passage in the fditom 01-Octoberto 15-Decembemhen the lake is at minimum
conservation pool (613 feet).

1 These outletspecific release rulefer Green Peter and Fosterere simulated irHECResSIim
and passed onto CRUAEW?2 as QOT boundary condition filesing the assumptions
consistent with those described in Sectib2.2 without utilizing the blending routine
(SELECTECOFF).

1.3.3 SouthFork McKenzie
Thefollowing are sitespecific measure details applied to the CougaQREAEW2 model:

Measure 479:
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1 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 ele\izt79 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 drawdowAjtarnative 3b, the
lake level is below the WTCT, so blending between the RO bypass intake and the diversion
tunnelis specified (Q2 and Q7 PRIORITY = 1 in w2_selective.npt file).

1 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 spillwakiannel could be relesigned to enabléow-flow
releases whethe lake is above spillway cresthis woulgprovide more normative
temperatures during the summer through the release of warmer wataving cooler
deeper water for the fallWater temperatures downstream of Blue River Dam were
estimated based on the simulatddECResSinpool elevation and the average monthly
thermocline as measured monthly in 2014 and 20E®\rel-3).

Apr May Jun Jul Aug

-50-

Year
2014
2019

Depth (ft)

-100-

o &) N R ) o SR O D L R o ) ) o
R & Q° ¥ § % &§ PR P P A ® & " <5 &§ A
Temperature (deg F)

Figurel-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, 392utlet details and temperature target Cougar Danare similar to those

used in previous studies (USACE, 201¢#) some simplifying assumptions applied to be
consistent with WV EIS Measure 392. A single floating outlet at 25 feet @RIpHPTH 7.62

[m] inw2_selective.npfile) was used with maximum outflow from the FSS assumed to be 1000
cfs QL MAXFLOW 28.32[cms]).

NTOMat Cougar Danncludesadelayed refilli  NBES G Ay 3 ™ pRemu@yaddd5 6 SSy
May, followed bytargeting of therule curve untilO1 July. At this poina deepdrawdown
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begirs 01 Jul, targeting theusual rule curvé®l Octoberelevation ore month early ord1
Segember andtargeting 1505ft elevationfrom 15Novwemberto 15De@mber with RO

operation for fish passaggimilar to Measure 40 in Alternative 3&n 16De@mber, the rule
curveis targeted until the following springandrefill begins again as described abot/eom 01
Felruaryto 15 May or whenthe lake idbelow 1580ft, all flowis releasedhrough the R@for

60% of the dayvhile penstockis allowed amaximum 40% of the daA maximum draft and

refill rate of880 cfsis allowedBoth operations prioritize the R@ improvedownstream fish
passageThese outletspecific release rules f@ougawere simulaed inHEGResSinand

passed onto GRUAEW?2 as QOT boundary condition files using the assumptions consistent
with those described in Section 1.2dhd onlyutilizing the blendingoutine between the

floating outlet and the RO (PRIORITY for Q1 and Q2 = {yteerdthe 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; 2GE_ECTCCHF (lake did not exceed 1565 ft); 2016: TSTR
=136, TEND = 324

1.3.4 Middle Fork Willamette

The following are sitespecific measure details applied to the Hills Creek and Lookout-Point
Dexter CEQUAEW2 models:

Measures 105, 392:

1 Lookout Point Damonsists of assumptions similar to those used at Detroit Dam with a
floating outlet at 25 feet deep@2DEPTH 7.62 [m] inw2_selective.npfile). Maximum
outflow from the FSS was assumed to be 6000 @EAMAXFLOW 169.90[cms]) to be
consistent with Measure 392 description for Lookout Point Dam.

1 Hills Creek DarRSS assumptions include a single floating outlet at 25 feet d@8PEPTH
= 7.62 [m] inv2_selective.nptile) with maximum outflow from the FSS assumed to be 1000
cfs QL MAXFLOW 28.32[cms]).

Measures 166 721 at Lookout Point Damvere implemented irHECResSinas 60% of the total
outflow assigned to the spillway from April 1&Aug 30 and up to 60% of total outflow through
the ROs from Sep 1 to Nov 15. However, these flow values atgusted by the temperature
blending routine within the GRUAEW?2 model Q2 MINFLOWE: 0.4) to meet the downstream
temperature target optimallyWhen Measures 721 and 166 were combined with Measure 714
(Alternative 3b) MINFLOW alues for all outlets were set to O 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 wasot used, so that fish passagould be given higher priority.

Measure 479 Hills Creek Damwas built with 3spillwvay gategspillway crest elevation 1495.5 ft)
and a spillway channel, designed for extreme flow events. This measure assumes the current
spillway gats and spillway channel could be-designed to enabléw-flow releases whethe

lake is above spillway cresthis wouldgrovide more normative temperatures during the

D-15 2025



Willamette Valley Syste@perations and Maintenance
FinalEnvironmental Impact Statement

summer through the release of warmenater, saving coolerdeeper water for the fallWhen
Measures 721 and 166 were combined with Measure 714 (Alternativé/BB)i-LOWalues 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 blendinghatassed, so

that fish passage could be given higher priority.

NTOMdetails forHills Creek, Lookout Point, and Dexter Dams inMiiddle Fork Willamette
sub-basin are as follows:

1 RO prioritizationat Hills Creek Damuring eveningrom 1800 to 220Chours (approximated
by 17% of daily flompr improved downstream fish passa@etober toMarchwhen lake
elevation is below 189 feet. Aminimumreleaseof 1000 cfsvas usedvhen Lookout Point
wasless than 95% between mmum conservationelevation and the spillwagrestuntil 01
Mayto supplement for downstream passage operations at Lookout Point during spring

1 Utilize Lookout Point Danspillway for improved downstream fish passage in the spring
(mid-March to May/June when lake elevation is ftrelease 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 andRO use imutumn (15 July to 15 October when lake elevation is less than
887.5 ftrelease all flow through the RO for 60% of the day ahtieal through the
penstock up to the penstock max for 40% of the Jday downstream temperature
managemen{similar to Measures 166 and 721 in Alternative BQUALEW2 models will
be allowed to blend between turbines and RO during aut&TR = 196, TEND = 288)

1 Deep drawdown andighttime RO prioritizatiorat Lookout Point Darfor improved
downstream fish passadgkb Novemberto 15 December to lake elevation of 750 feet
(similar to Measure 40 in Alternative 3a, 3b).

1 These rules were simulated HEGResSinand passed onto GRUAEW?2 as QOT boundary
condition files, without utilizing the blending routin&ELECTECOFF).

A complete listing of the measudescriptionsncluded 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 TEMPERATUREARGETS

Natural temperature patterns and magnitude immediately downstream of each project are
SAGAYFGSR dzaAy 3 |y WdzLJa G NB | Y ¢YKASE QF daLa (ONIE I Yo AR A/E
flow-weighted averaging of upstreatamperature and a maximum warming rate of 0.11

degrees C per river mile which is decreased for cooler upstream temperafiresipstream

mix calculations were determined for the period of available dhts. 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 North Santiam

Two separate temperature targets for Detroit Dam were used in the WV EIS:
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The current operational temperature targatas applied to NAABCLQ@ NAAIn Figurel-4):
Minimum and maximum temperature targets were developed agdeed uporfor Detroit
Damby the resource agencies (NOAA, USFWS, and ODFW) in 1984 to benefit the
downstream ESA listed anadromous f{8fOAA, 2008)These targets were later modified
through the WATER process to be lower in the spsagmer USACE, 20L7This

maximum target is used by the CRJAEW?2 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 theall.

A target based on the lontgrm water temperature data record above Detroit damas
applied to all action alternative@CLQ, AA) in Figurel-4 and Tablel-6. Thistemperature
targetwasbased orlong-term average daily of thédADMwithout-dam water
temperaturesestimatesat the location ofDetroit Damusing methods developed by Rounds
(2010) and further in(Buccola, et al., 20)2Thistarget wasapplied further in the design of
the Selective Withdrawal Structure at Detroil $ACE2019b and rangesfrom about 51°C
(412°F) in winter to a high of ned5.8C 60.5F) inAugust Tablel-5).

Temperature Target Comparison

TMDL NAA AA
HCRO DEXO CGRO
16
k12
F8
-4
GPRO SSFO BCLO

>

N saalba( ‘ainjesadwa |
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Month

Figurel-4. Temperature targets usedt each CEQUALW?2 reservoir temperature model

within the WVSEISfor all alternatives except No Action (labeled®A") compared

to maximum temperature targets used operationallyy USACE from 2017 to 2022
(labeled "NAA'") and the Oregon Department of Environmental Quality (ODEQ)
Total Maximum Daily Load (TMDL) Monthly Median Target Temperatytebeled

a ¢ 5 a.[Sigeware defined as below the following dams: Detrdtg Cliff: BCLO,
Green Peter: GPRO, Foster: SSFO, Cougar: CGRO, Hills Creek: HCRO, Lookout
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temperature targets defined.

Table 1-5. Comparison ofOregon Department of Environmental Quality (ODEQ) Total
Maximum Daily Load (TMDL) Monthly Median Target Temperatufiekeled
a ¢ 5 a maximim temperature targets used operationally (labeled "NAAand
temperature targets used in th&VVS 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 dayf @ach montheven though targets

vary daily. Sites are defined as below the following dams: bD&t-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.

HCRO| HCRO| DEXO| DEXO| DEXO|[ CGRO| CGRO| CGRO| GPRO| SSFO| SSFO| SSFO| BCLO| BCLO| BCLO
Mon TMDL | AA TMDL | NAA [ AA TMDL [ NAA [ AA AA TMDL| NAA | AA TMDL | NAA [ AA
Jan 42.4 | 40.0 | 43.7 | 40.1| 404 | 419 | 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| 419 | 420 | 42.1 | 42.0 | 43.0 | 42.0| 42.0| 41.7 | 42.0| 42.0
Mar | 424 | 452 | 43.7 | 421 | 46.6 | 419 | 42.1 | 421 | 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 | 419 | 451 | 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 | 459 | 49.1 | 49.1 | 49.3 | 46.8 | 49.1 | 51.1 | 45.1 | 50.0 | 485
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 576 | 644 | 63.3 | 61.2| 646 | 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 | 545 58.1 | 57.0| 56.1| 625 | 49.1 | 56.1 | 56.1 [ 59.7 | 59.9 [ 56.1 | 57.9 | 51.6 | 54.0 58.0
Oct 493 | 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 | 439 | 54.7 | 50.0( 43.9| 459 | 46.0| 48.4
Dec | 42.4 | 42.1 | 43.7 | 410 426 | 419 | 41.0 | 41.0 | 42.0 | 43.0 | 41.0 | 42.0| 41.7 | 46.0| 43.3
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Table1-6. Temperature targets used in WV EIS and sources.

Site Alternatives Applied Citations
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1.4.2 SouthSantiam

A temperature target based on measureanthly 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 14865 in Moore, 1964)was developedor both the GPR and FOS
modelsin all WV EIS alternativeGPR_Moorel96#h Buccola, 2017GPRQ AAin Figurel-4).

This temperature target based gore-dam temperaturemeasurementgrom the Middle

Santiam River rargg from about 5.0 °C (41.0 °F) in winter to a high of near 19.0 °C (66.2 °F) in
July(Table1-5).

A temperature target for Fostavasdeveloped in Buccola (2017) using similar methods as
described above for Green Petdéiigurel-4). Howeverthe operational rules at Foster
balancing flood risk management,-regulating Green Peter, fish passage, etc. resulted in
limited ability for the temperature model tblendflow between release outlet® meet a
target Further, theelevation of the spillway crest and turbine intakasFoster Dangboth
relatively deep)limits the ability toaffect water temperaturammediately downstream of
Foster and igypically dominated by Green Peter release temperature and the unregulated
South Santiam River temperature upstream of Faoster

1.4.3 South ForkMcKenzie

Minimum and maximum temperature targets were developed agceed uporfor Cougar
Damby the resource agencies (NOAA, USFWS, and ODFW) in 1984 to benefit the downstream
ESA listed anadromous filBROAA, 2008)The maximum target is used by the-QEHAEW?2
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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.

SOUTH FORK MCKENZIE RIVER NEAR RAINBOW, OR

18 - Pre temp. control tower range (1955 - 2001) - 65
Temp. tower control range (2005 - 2018
[ Resource Agencies Targets
——— 2020 Measurements
2019 Measurements

Daily Mean Temperature (°C)
Daily Mean Temperature (°F)

T T

Jan 'Feb 'Mar 'Apr 'May lJun Jul lAug ISep 'Oct 'Nov lDec 7

Figurel-5. Resource Agencies (RA) Targets for South Fork McKenzie River below Cougar Dam.
The maximum RA target was used for the Cougar ReserveiQUELW?2

temperature model in each of the WV EIS alternatives.

1.4.4 Middle ForkWillamette

Temperature targets werdeveloped 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 targetHH{CR Upstream Mir Figurel-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 floweighted average teiperature 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 [OP Upstream Mix Figurel-4) were more compleXJpstream 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 (calculatesddeescribed 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 viar temperature at the mouth of these tributaries is similar to the North
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Fork measurements and Middle Fork upstream mix calculatitins.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 CHigurel-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 degiiées C
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 systém
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 milee 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 G~(gurel-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 CThe magnitude and pattern of the upstream mix calculation is similar to monthly
average temperature collected prior to construction of the dams from 183953 (Moore

1964) The temperature similarity increases confidence in using the upstream mix calculation as
a surrogate for natural temperatures.

Middle Fork Willamette River downstream Hills Creek Lake
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Figurel-6. Hills Creek Dam operation temperature control target with comparison to relevant
temperature ranges, the2015 Detroit (DET) temperature target and anticipated
Chinook salmoriife stages.
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Middle Fork Willamette River downstream Dexter Lake
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Figurel-7. Lookout Point Dam operation temperature control target with comparison to
relevant temperature ranges, the Detroit (DET) temperature target and
anticipated Chinook salmoriife stages

1.5 SIMULATEIRESULTS

The model CRUAL W2 was utilized to simulate water temperatures at altisatinsand
downstream to Salemexcept for the Coast Fork and Long Tom-Babins for the years 2011,
2015, and2016. Each year represented a different climatological condition: wet year (2011),
dry year (2015), and average year (20X6EQUALW?2 reservoiwater temperaturemodel
output was analyzed fagach of the threecalendar yea and alternative, aside from
Alternative 5 (qualitatively assessed due to time constraints avg&kectesemblance to
Alternative 2b). CIQUAEW?2 water temperature simulations in the reservansd downstream
were based on inflow discharge, inflow water temperatua@,temperature dew point
temperature, wind speedwind direction, solar radiation, cloud cover, and gateecific outflow
asdatainputs for each simulatiorDaily average gatepecific outflows and lake elevations
were derived fromHECResSinsimulations under each alternative. Lake surface elevations in
CEQUALEW?2 reservoirs were forced to match lake levels frABBCResSinthrough awater
balanceprocess in which a timseries of distributed thutary inflow values@QD7) was added to
(or subtracted from) specific to each reservoir, year, and alternative model run. Inflows
generated byHECResSimvere occasionally near zero, due to evaporation loss assumptions at
each reservaoir.

This section will focus on discussion of the water management and water temperature
implications generally between April and December each year simulated throuQUBEW2,

as this is the time of year that is most impacted by the hesathange process aaeing 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 foundtime Hydrology and Hydraulics Appendix B &ihpter 3.2.
Please refer to sectioB.5Water Quality Affected Environment for additional discussion of
water temperature under the NAA.

1.5.1 No ActionAlternative (NAA)

The NAA simulations are basedldBGResSinnflow hydrology (including constant resenoir
specific evaporation rates in each year), gapeecific outflows, and lake surface elevations that
are different from those that took place historically. Simulated outflow temperatures depend
on lake surfacelevations and gatespecific outflow data fronHECResSimulesets established

for the NAA to allow for equivalent assumptions in each year and could differ from
measurements in 2011, 2015, and 2016. Differenaodakie surface elevation and gaspecific
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 sectamparison of NAA with
Measurementgor more details comparing simulatddECResSinoperations and simulated

NAA temperatures with measurements.

1.5.1.1 North SantiambDams

The North Santiam subasinis represented aBCLGndincludesDetroit reservoilinterim
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 Owtligom October 2 to November 15.

The low water year of 2019-{gurel-9) resulted in Detroit Lake not filing to the spillway crest
(Figurel-11), which resulted in relatively warmer temperatures compared to 2(Higjurel-8)

and 2016 Figurel-10), especially in Ju@ctober. Water temperature under the NA#ould be
similar to observed values since the issuance of the BiOp and implementation of operational
water temperature managementgurel-12; Figurel-13).
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1.5.1.1.1. Detroit
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Figurel-8. TemperatureElevation Isopleth (top), Gate Outflows (middle), and outflow

temperatures (bottom) at Detroit under NAA in 2011.
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Figurel-9. TemperatureElevation Isopleth (top), Gate Outflows (middle), and Outflow
Temperatures (bottom) at Detroit Under NAA in 2015.
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Figurel-10. Temperature-Elevation Isopleth (top), Gate Outflows (middle), and Outflow
Temperatures (bottom) at Detroit Under NAA in 2016.
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DetroitTemperature (DET)
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Figurel-13 Comparison oDET 3year Average, Min, Max Daily OutfloWemperatures in
NAA vs Measured.

1.5.1.2 SouthSantiam 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 ROgoysmal (Figure

1-14; Figurel-15; Figurel-16). Differences between NAA and measurements in lake levels in
the three calendatyear scenarios were relatively minor, aside from 20&fgyrel-17), and
generally led to differences in outflow tailwater temperatures less than 2 degrees Celsius.
Shortterm differences between NAA and Measurements in fall of 2016 can be attributed to
model sensitivity during fall storms as the lake is drafted andhieemocline depth is affected
by upstream inflow temperatured-{gurel-18; Figurel-19).
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Figurel-14. TemperatureElevation Isopleth (top), Gate Outflows (middle), and Outflow

Temperatures (bottom) at GPR in 2011.
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Figurel-15 TemperatureElevation Isopleth (top), Gate Outflows (middle), and Outflow
Temperatures (bottom) at GPR in 2015.
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—— rule curve
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Figurel-16. TemperatureElevation Isopleth (top), Gate Outflows (middle), and Outflow

Temperatures (bottom) at GPR in 2016.
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Figurel-17. Comparison ofGPRDaily Lake Surface ElevatiomsNAA vs Measured.

Green PeterTemperature (GPR)

naa —— Measured

80
25
L [
© 20 - 0
[}] 0]
515 - 60 5
% o
g ° _,\/A > &
1S 5 - E
A 40,0
0 1 ‘ . . 30
2 -
)
2 01
©
[an]
_2 -
o\ SV BV S S° S°

Figurel-18 Comparison of GPRutflow Temperatures in NAA vs Measured.
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Figurel-19. Comparison of GPRyear average, min, max outflow temperatures in NAA vs
Measured.

15122 Foster

At Foster, temperature operations under the NAA would remain similar to the Affected
Environment whereby the Foster fish weir and niginte spill operations of 300 cfs would

remain in effect from June 16 until August Fagurel-20; Figurel-21; Figurel-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 temperaturiéggpa (Sullivan and Rounds, 2021).
Major differences between NAA and measurements can be linked to operational lake levels
(Figurel-23), especially in 2015-{gurel-24), where the time during which the fish weir could

be used was reducedsenerally, NAA was warmer in J¢tober and cooler in December
compared to measurements$igurel-25).
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Figurel-20. TemperatureElevation Isopleth (top), Gate Outflows (middle), and outflow
temperatures (bottom) at FOS in 2011.
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Figurel-21 TemperatureElevation Isopleth (top), Gate Outflows (middle), and outflow
temperatures (bottom) at FOS in 2015.
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Figurel-22 TemperatureElevation Isopleth (top), Gate Outflows (middle), and outflow
temperatures (bottom) at FOS in 2016.
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Figurel-23. Comparison oFOSDaily Lake Surface Elevations NAA vs Measured.
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Figurel-24. Comparison of FOSutflow Temperatures in NAA vs Measured.
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Figurel-25. Comparison of FOSyear average, min, max outflow temperatures in NAA vs
Measured.

1.5.1.3 McKenzieDams

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 16nder NAA Once water elevation is belo¥b41 ft

there are no temperature control operationkigurel-26; Figurel-27, Figurel-28). The largest
temperature differences between NAA and measurements can be linked to operational lake
levels Figurel-29), especially in 2016~{gurel-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 Noverbleeember compared to
measurementsKigurel-31).
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Figurel-26. TemperatureElevation Isopleth (top), Gate Outflows (middle), and Outflow
Temperatures (bottom) at CGR in 2011.
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Figurel-27. TemperatureElevation Isopleth (top), Gate Outflows (middle), and Outflow

Temperatures (bottom) at CGR in 2015.
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Figurel-28. TemperatureElevation Isopleth (top), Gate Outflows (middle), and Outflow
Temperatures (bottom) at CGR in 2016.
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Figurel-29. Comparison ofCGRDaily Lake Surface Elevatioirs NAA vs Measured.

Figurel-30. Comparison of CGRutflow Temperatures in NAA vs Measured.
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