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EXECUTIVE SUMMARY

In the spring of 2P0, the Public Utility District No. 1 of Douglas Coun{fpouglas PUD)
conducted the Wells Habitat Conservation Plan (HCP) requireged0 Survival Verification
Study (SVS) at th&Vells Hydroelectric ProjectWells Project. The Wells HCP Coordinating
Committee selected yearling summer Chindmkthe 2020 studyo represenspringmigrating
Plan Speciescurrently in Phase 1l (Standard Achieved)

The primary goal of the study was to precisely estimatdukenile Project @vival of passive

integrated transpondelPT)-tagged yearling Chinook migrating through the Weligjé&tt. Fish

were released at three locatioabove Wells Dam at the mowstbf the Okanogan (Rkm 87Gnd

Methow (Rkm 843jivers, andbelow Wells Dam into the tailrace (Rkm 829.6€hinook released
atthemoutto f t he Okanogan and Met hteeatmend vreerlse anseer eg rp
for statistical analysesyith release numbersimicking the proportional contribution of the two

rivers to the overall spring smolt migrai passing through th&'ells Project.

A total 0of105,332PIT-taggedChinook wereeleasediuring this study Fish were releasetlring

the months of April and Mayith release timinglosely matcing the run ofspring migrating?lan
Specieghroughthe Wells Project Fish were releaseduringsixteenreplicate releases atach of
thethree specified release locations for a total®feleases Each replicate releaggoupat each

of the three release sitegas provided nearly identicalrearing, collection, tagging, recovery,
interrogatons and transportatioexposuresto prevent unnecessary covariates in experimental
methods and analyses.

Passive interrogation of study fisitcurredat the PlTtag detection systems installedRacky
Reach, McNary, John Day and Bonneville dams. Additional study fish were debsdosd
Bonneville Dam by theNational Oceanic and Atmospheric AdministratiddOAA) PIT-tag
barge Fish detected at the bargere pooledwith detections at BonnevillBam for statistical
purposes

Measures ofish condition,fish health smolt readinessand indices of acute and chronic stress
were collected from0fish from within each of th82 treatmentelease group@20fish sampled)

above Wells Damand ® fish from below Wells Dam tailrace control groupreleases (160
additional fish)to equalize data between treatment and control grotips. collection of these
samples wasonducted to facilitatthe interpretation of postelease behavior and survival within

and between release groupshe results fronphysiologicalquantificationindicated that there
weresome differences in between treatment and control fish but whether these differences led to
biologicaly relevant performancedifferencesis unknown Although statistically significant
differences in stress hormones were detected prior to release, in all cases the treatment releases
experienced higher levels of stress. If-prkease stressors have a negative impact orrplestse
survival,thenthe 2020estimates of survival for Wells Dam are expected to be biased low due to
the higher levels of stress in all of the treatment release groups relative to the control release
groups. We attributedbbservedlifferences to the fasting regime of these graaups differences

in the time between loading and releasing of treatment and control fishhese stressors
influenced performanceve suspect it negatively biased our survival estimate since treatment fish
incurred more stress immediately prior to re¢eas
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Mixing plots showthat treatment and control fish arrived at Rocky Reach Dam at similar times
indicatingthat treatment and control fish were well mixed in ttells Damtailraceand Rocky
Reach ReservailLikewise Okanogan and Methotreatment groufish were well mixed arriving

at Rocky Reach at similar times during the days that foll@eetirelease Detection probabilities
were in the 3810% rangeat RockyReachfor each replicatand were dramatically lower at federal
projects especiallyMcNary and John Daylams McNary Dam had detection probabilities of
1-5% depending on release growpich in the case of McNary was approximat@i% of 2010
detection ratesWe suspecthis observedietectionandthe dramatic drop in capture probabilities

at McNaryis directlyrelatedto the increase in spiditthis projectin recent years.

Survival through the Wells Project (reservoir, forebay, dam and tailrace) was estimated based upon
the relative survival of treatment (Okanogan and Methow) and control (tailrace) release groups.
The weighted average for survival from the 2020 study"Was 0.9517 8 % 0.0142). The
historical juvenile project survival estimates were 0.99P4 0.015), 0.9433 % 0.016), 0.946

(3 % 0.015), and 0.9643(% 0.013) for years 1998, 1999, 2000, and 2010, respectividig.
historical arithmetic average was 0.9625Z-test of the difference between the historical average
(1998 2000, 2010) and the 2020 survival estimate was not significantly diffefl@(gos

® P o v T wT1).dhe new fiveyear average estimate of Wdlmjectpassage survival isY

= 0.9604(3 %0.0098).

The results of the 2 study confirmed that the Wells Project continues to achieve a high rate of
survival. The5-year average estimate of survival used to determine the No Net I(NJ&igt
hatchery compensation levels hasderatedas a result of this studyThe resultant new NNI
hatchery compensation goal is 39€rcent, a 0.2f¢ercent increase over tkarrent3.7-percent

NNI hatchery compensation goal in place since the 248 and pplies to all Plan Species in
Phase Il (Standard Achieved), includipgarlingsteelhead, Chinook ar@bho.
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Survival Study Summary

Year: 20 StartDate: 13 April StopDate: 14 May
StudySite: WellsProject

Objective ofStudy: Estimate projecurvival

Statel Hypothesis: The survival of yearling Chinook passing through the Wells Piroj2@20
exceedshe 93% Juvenile Project Survival Standards described in section 4.1.2 of the Wells H
andis similarto the estimates of survival from pristudies19982010.

Study Subject Yearling Chinook salmon smolts
Source: Wells Fish Hatchery

FishSize (median & range)
Weight: Mediani 31.5g, range 11.1-:86.0g

Length: Mediani 160.0 mm, rangé 119.0208.0mm

Tag TypeModel: 12.5mm, 134.2kHz ISOAPT12PIT-tag
Weight (9: 0.1020 g

ImplantProcedure: prdoaded, singlaise, 13gauge hypodermic needles (BIO12.BPLT) fitted of
injection devices (MKL10). Fish were tagged 3 months prior to release.

Survival estimatdor yeating Chinook salmon smolteleased from the Okanogan, Methow, and
Wells tailrace release locations, respectively

Type (project, dam, turbine, etc.): Project

Value &SE:  0.9517 (SE=0.042)

SampleSizeRe p | i ¢ 1H@Q&200, and3300/replicate (Okanogan, Methow, and Wells
tailrace, respectively)

Number of Replicates: & replicates
Analytical Model: Paired releasecapture model

HypothesisTest andResults: Accepted thedypothesig Survival during the 280 studyexceeded
the 93%Juvenile Project Survival Standaaddthere was no statistically significant difference in
survival between the 20 estimateandsurvival documented at the Wells Project during studies
1998, 1999200Q and 2010

Characteristis ofEstimate
StudyEffectsReflected (direct, total, etc): Total Project Survival

Absolute Relativeor Index Survival Absolute

EnvironmentalDperatingConditions at Wells Dam
Discharge: mediart19.2kcfs (thousand cubic feet per secondnge69.01 190.0kcfs

Temperature: mediai7.5°C, range: @1 100°C
TDG: median106.6% , range105.2i 111.5%

Unigue Study Characteristics: Two gireanrelease locations, Okanogan and Methow, pooled f
treatment survival.
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1.0 INTRODUCTION

1.1 Background

The Wells Anadromous Fish Agreement and Habitat Conservation Plan (HCP) was developed to
ensure that the WelldydroelectricProject(Wells Projecthas No Net Impact (NNI) on juvenile

and adult salmon and steelhead migrating through the Wells Projeet.HOR definesfive
speciefstocksof anadromous fish as Plan Specieludng spring and summer/fall Chinook
(Oncorhynchus tshawytsch&ockeye Q. nerkg, steelhead®. mykisy andCoho . kisutch.

As part of measurinthe achievement and maintenaméNNI, the Wells HCP requires the Public
Utility District No. 1 of Douglas County (Douglas PUD) to condsttidies ofjuvenile salmon
survival at the Wells Project. TWgells HCP Coordinating, Hatchergnd Tributary committees

use theresults of thesatudies to guide variouBouglas PUD fundegbassage and mitigation
programs

The HCPincludes a@Passage Survival Plan structueesh phased implementation plan. Phase |
(1998 through 2002)f the HCPPassage Survival Plaequiral the implementation of juvenile

and adult operating plans and criteria toward meeting the various survival standards set forth in
the HCP. During Phase |, Dougl&BUD conducted three years of valldvenileProject Survivalt

studies with steelhead and yi®g Chinook salmon. Results from these studies consistently
exceeded the 93%uvenileProjectSurvival standard and the precision and accuracy requirements
of the HCP (Bickford et al. 1992000 2001). The averagkivenileProjectSurvival for yearling
Chinook and steelhead over the three years of study was 96.2%. The results from the Phase |
JuvenileProjectSurvival studies, coupled with the results from adult passage studies, provided the
necessary information for th&/ells HCP Coordinating Commige (CC) to determine that the

Wells Project could proceed to Phase Il (Standard Achieved) for ye@timpok and steelhead
(Anchor and Daglas PUD 2008

The Wells HCP Passage Survival Plan indicatedtfiatving achievement dPhase Il(Standard

Achieved) periodic monitoring is required to ensure that the survival of Plan Species remains in
compliance throughout the term of the Agreement. Therefore, DoBglBsmustiir eev al uat e
performance under the applicable standards every 10,/bgrsonductinga oneyearsurvivat
verificationstudyof Juvenile Project @vival for springmigratingPlanSpecies. The results from
eachoneyear survival verification study will be included in the pertinemiltiyear survival

average forspring migating Ran Species If the study successfullyverifies continued
achievement of theurvival standard, DougldJD will remain in Phase Ill (Standard Achieved).
Otherwise, additional testing will occur, followed by Phase Il (Interim or Additional Tddls

standard cannot be achieved within three years of reevalBii@iasection4.2).

Ten yearsdllowing the completion dPhase thesurvival studies i1998, 1999, and000 resukd
in the Phase lI(Standard Achievedjlesignationfor yearling Chimok and steelheaddouglas
PUD performedhe 2010 Survival Verification Study (SV&rifying continueccompliance with

IThe Wells HCP defines AJuvenile Project Survivalo as t
95% of each species migrating from tributary mout hs an:¢
including direct, indirectiad delayed mortality, wherever it may occur and can be measured (as it relates to the Project)

given the available mastecapture technology.

2020 Wells Survival Verification Study
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the Phase llI(Standard Achievedjlesignation. During the2010 SVS, Douglas PUD released
approximately 77,000 yearling summer Chinooketassesghe performance dheWells Project
Results indicated thatuvenileProjectSurvival was abovéhe average of thédirst three years of
survival studies but statistically similartteat averageThe survival estimate from 201@creased

the fouryear estimated average by 0.16696.3% Douglas PUD conductedhe¢ 2020SVS to

serve as the seconeevaluatiorof Juvenile Project Survival for Plan Species currently designated
as inPhase ll(Standad Achieved) WiththeHCPCC6 s a d d i t Amchor Environ@dhtal5  (
and Douglas PUD2015) of Methow RiveCohoto the Plan Species designated as in Phase Il
(Standard Achi eved) ,walintendgd taverifyRdhihded acBidv@rent & V S
the Juvenile Project Survival Standard for sprimigrating yearlingCohg steelhead, and
Chinook.

2.0 STUDY AREA

The Wells Project is located at ridem (Rkm) 830 on the upper Columbia Rivé&igure1). Wells
Dam, the principal component of the Wells Project, includes ten Kapthime generating units
with an installed nameplate capacity of 7 7##&gawatt IW) and a maximum generatjicapacity
of 840 MW. The Wells Project is a runf-river generating statioand hasan average annual net
generation of £77,901megawatt hours (MWh).

The design of the Wells Project is unique in that the generating units, spillways, switchyard and
fish-passage facilities are combined into a single structure referred to as a hydrocombine. The
hydrocombine is 1,130 feet long and 168 feet wide with a top deck elevation ofel @héwe

mean sea level (MSL).

The Wells juvenile fish bypass system (JBSpcated in the spillways at Wells Dam. The JBS is
designed to bypadssh awayfrom the turbines via a highly effective surface collection system.
The Wells JBS provides a safe, Atmbine passage route through the dam for over 92% of the
spring and 8% of the summer migrants (Jolonset al.1992; Skalski et all996). WellsDamis

the uppermost generating project on the Columbia Riveughwhich anadromous Chinopk
steelheadSockeye andCoho migrate on their way #nd fromthe Pacific Ocean. Adult fish pass
via two fish ladders located at either end of tiyedrocombine

Lake Pateross the formal name of the reserviormed by Wells Dam. The MethoRiver enters

Lake Pateros atkn 843 andproduceghe majorityof the yearling Chinook and steelhead, and
nearly allCohoupstream of Wells Dam. Both natural and hatchery produced steeHpeand)

and summer Chinook, ar@ho originate from this systemThe OkanogarRiver enters Lake
Pateros at Rn 870. Most of the yearlqsteelhead and Chinosklmonsmolts migrating out of

the Okanogan River are hatchery fish planted into this system as mitigation for impacts associated
with the construction and operatiohvariousColumbia River dams.
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3.0 METHODS AND MATERIAL S
3.1 Study Objectives

The primary goal of the SVS was verify that survival through the Wells Project for yearling
Chinook(a surrogate for spring migrating plan specsaginon remains equal to or above the 93%
Y T80 ¢ Juvenile Project Survival standarccombined witha standard error oYy O'Y

T8t ¢ asrequiredin the HCP Toward supporting the primary goal of the studg,also designed
the SVS to test the assumptions of the Single (SR) and Faimgte (PSR) releasecapture
models, and estimate capture and regmécific survival probabilities thugh the Columbia River.

3.2 Study Fish

TheWells HCP CC selectedyearling summer/fall Chinook produced at the Wells Fish Hatchery
(Wells Hatchery}o be the study fish for the 2020 SV¥o conduct this studgf fish releasedh

the spring of 202MouglasPUD usedyearling Chinookproduced from adults spawned in October
2018 Therefore, ish usedor this studyincubated andeared for B months prior to tagging and
rearedon station an additionéive to sixmonths after tagging and prior to release.

3.3 Fish Collection, Holding, and Tagging Procedures

Between November 12 2019 and Novembet7", 2019, Biomark, Inc.(Biomark), passive

integrated transponddPlT)-taggedl 09,61 7yearlingChinooksalmoncollected from raceways at

the Wells Hatcheryaccording to criteria described in Prentice et al. (1987).e&h of thesix

tagging days, small groups of untagdgelsinook held inone of thepretagging raceways, were
crowdedinto a pintsizedpescalator (PRA Manufacturing, Nanaimo, British ColumBianada).

The pescalator compriseah Archimedes screenclosed withira 30cm diameter fiberglass pipe.

As the Archimedes screwotated, it captured and transported water and fish up and out of the
raceway. At the top of the pescalator, fish araderflowed into a 16cm trarsport pipe. The

transport pipaedeliveredthe fish intoBi omar kés tagging trailer whe
anesthetized using a solution of water Methanosulfonat22 (MS222).

Once anesthetizedhe tagging crew removetiseased and mortally wounded Chin@ztmon
smoltsfrom the study groupThe crew taggedemaining healthy finook with 12.5mm, 134.2

kHz ISO PIT tags using pileaded, singlaise,13-gauge hypodermic neegl¢BlO12.BPLT)

fitted onto injection device@VK-10). All fish were tagged with a singlese needle to reduce the
chance of disease transmission, injuries caused by dull needles, and the number of personnel
required on the project. Rleaded needles were loaded into trays containing 1% éacho

increase efficiency.

Immediately following taggingijsh were randomlyassigned to one of I®plicate release groups
(her eaf t e andhetdkeemin commaadn with }he rest of ¢hfish assigned to thegplicate.
In addition to the tag code, date of tag implantation, tag personnel identificatioriar&dength,
fish condition,water temperatureand releasgroup assignmemere recorde@nd stored using
PITTAG3 software Biomark uploaded ata files for each tagroup to the PTAGIS database
maintained by the Pacific States Marine Fisheries Commi¢Bi8MFC) and revisedhose data
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files following eachreleaseto account for preelease mortalities and fish euthanized for
physiological sampling

A 10-cm diamete pipe suppliedwith ambient wateconveyedthe tagged fistirom the tagging
trailer into one of thel5 replicate rearing racewayd agged fish wereearedat Wells Hatchery
from five to nearly sixadditional monthgdepending upon replicatgyior to rekase in Aprilor
May 2@0. During thatrearingperiod, he WellsHatchery rearingacewayseach contained a
minimum of 35000 L of singlepass river waterAll of the rearing raceways received@ntinuous
supply of gravityfed Columbia Rivemwatercontrolled bythe Wells Hatchery water distribution
system.

3.4 PIT-Tag Interrogation, Transportation, and Release

Starting on April B", 2020andcontinuingeveryother day througiMay 14", 2020,16 replicate
release groupf Chinook were reollectedfrom the rearing racewayssinga fish pump and
conveyed via 1@&m transport pipgo release containerandomly assigned to one of the three
release sites (Okanogan, Methawtailrace) Figure 3.41). Multiple antennas on the transport
pipe interrogatedish for PIT-tag codes.

Each release container held approximately 1,100 L of water and was loaded with no more than
600 PIT-tagged fish with a target of 550ish perrelease containerSelecteddading densities
ensure that no release container held more than 0.02 Kg ofpksiiiter of water (Kg fish/L).

During theloadingand prerelease holdinghases of the studgach release container was supplied
with 80-100 L/min of Columbia Rver water through a-6m flexhos. Each release container

was also equipped with a metered bottle of compressed oxygen for maintaining dissgtyeal

(DO) levels when the containevgeredisconnected from river water during transgsee image

on report title page)Biomark closelymonitored and recordedater temperatussandDO levels

inside each release container hourly throughout the entire study to ensure thatréieagee
recovery history of each container was similar within and between release sites and replicate
releasegroups.

The treatment release groups contained fish dekforerelease at the Okanogan and Methow
release sites. The control release groups contained fish defstimelease into the tailrace of
Wells Dam. The goal of the study was to represent the migration of yearling ClaindGlho
salmonand steelhead passing through the Wells Project originating from these two river systems.
In order to accomplish this gh we releasedish at each river mouth in direct proportion to the
historic natural and hatchery production originating frowat triver. Prior to the studyhe HCP
CC determined that, on averags#,the combined totalearling Chinookand Coho salmon and
steelheagmoltsoriginating from both rivers anghigrating through the Wells Projeftom 2009
2018 the Methow River producd approximately 6% and he OkanoganRiver producel the
remainingapproximately 3%. The tributary ratiosselected byhe HCP CC for the 2020 SVS
differed somewhatrom the 75% Methowto-25% Okanogarratio used for th010SVS. As a
final measure towards representing the-atitarge,the HCP CC selected theelease schedute

2 Although tagging allowed for 15 replicates, highhiatchery survival rates following tagging allowed for & 16
replicate at the end of the study. Thé téplicate comprised of surplus fish left over from earlier replicates. This
replicate also had a slightly smaller sample size but a balanced assignment between treatment and control releases.
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correspond with rece20132018)migration timing of yearling ChinookndCoho, and steelhead
smoltspassing Wells DamThe 2020 start datwasone week earlier than the 2010 start date
reflect the interest of tHeCP CCfor the studyo encompastherelatively early emigration timing
observed for wild Methoverigin spring Chinook smolts.

Because of theequiremenfor the Okanogan, Methovgnd tailrace release groufmscomingle
and experience similar downstreaurvival andriver conditions, the Okanogan River releases
occurredat 1400 hours onodd days starting opril 13" and ending on Maya". Methow and
tailrace releasesccurredat 1000 hours and 1400 hours, respectivetyevendays starting on
April 14" and ending on May4" (Table 3.4-1). Each replicataeleasetook two days and
consisted ofloading all of the replicate pairelease containersn odd days followed by the
releases on both odd and even days as described above

On each of the release dagsydy staff disconnectedlease containers from the riveater supply

lines at the Wells Hatchergnd immediately opene@lves on meteredcompressed oxygaanks

to supply diffuseaxygento the release containerStudy staff used orklift to loadeach release
containeronto a flatbed truckandrecheckd metered oxygenre all of the release containers

were securely strappetb the flatbed truck Regulatedflow rates of less than 1.0 L/minute of
oxygenmaintaired DO levelsbetween 9 to 12 mg A during transport. To compensate for
differences intravel distances between the Okanogan, Meftaowl tailrace barge loading sites,

the transport vehicle destined for each site made purposeful excursions to equalize the amount of
time fish spent on the truck in transport. These excursia@ne used to trand equalizéotal

travel timesPO, and stress levels for each release group.

At the barge loading stationa,boom truck (Methow and Okanogan) or crane (tailrho&ted
release containesom the transport truck onto barges for final releagéhe bom or crane
operators st eachrelease container n  r u b b-stalld A rhi® tisingize vibration and wih
theecacentricreduces (release port) extending beyond the side of the barge to facilitate release of
the fish directly to the river (rather thémrough a hose or pipefPnceeach container was dhe
bargethe barge crew connectétke container to then-barge riveswater supply system anged

the valveto modulate flow of river water After connecting each container the river-water
source the crew turned offsupplementaoxygen and monitored and record&D and water
temperatures for each container periodicplipr to fish releaseRiver-water flow through each
container on the bargeas estimatedt 66380 L/minute.

At both theOkanogan and Methow release sitmsce the firstelease containavasioaded onto

the barge, 10 PHagged fishwere randomly nettedut ofa randomlyassigned releasmntainer
These fish were thestreened fovariousmorphological angbhysiologicalparametersOnce the
barges were loadedt@wboattowed the bargeto the release sitekigure 3.41), and maintained

a position either upstream from (Okanogan and Methow) or across current from (tailrace) the barge
during the fishrelease proceds awid motoring through the released fisAt the Methow and
tailrace release sites the barge coléte an appropriate time prior to release in order to standardize
on-barge time (the Okanogan site had the longest Hameeriod and was used as a staddar

A oma r g e 0 Immadiately)prior to releasbarge crews recordedater temperatures amiD
levels from each release container amanfthe river. They also recordeduglitative fishactivity
levels andremovedinjured or moribund fish. Following the prelease inspection, tHearge
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crew releasedhe fishfrom eachrelease containdsy removing the cap from th20 x 15 cm
eccentric reducerthrough which the water and fish drained to the rimeapproximately30
seconds Waterto-water transfersf fish were utilized throughout the entire study. In general
studyfish were released withitwo hours following the disconnection dgheriver-water lines

After releasefrom eachrelease containeharge crews»>aminedthe release site for dead or
moribund fish andinspectedherelease containdor shed tagsBiomark staff submittedetease
files to the PSMFC PTAGI8atabasavithin 24-48 hours after each releasdlowing time for
removal of anyelease contaer mortalities, physiologygsamplefish, or for changes to the release
group information.

A

Brewster

Chief Joseph Dam

/i Wells Dam
- BN BN B Viles

d_.-bu'-._..ﬂ 0 1 2 3 4 5
C . )

Figure 3.4-1 Release locations used for the 20 Wells Survival Verification Study. Both

treatment (Okanogan and Methow) and control (Wells Dam tailrace) release
sites are approximately indicated with juvenile salmon markers.
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Table 3.4-1 2020Survival Verification Study Release Schedule (Apt 13th to May 14th).

Day 1 Day 2 Day 2
Okanogan Release MethowRelease TailraceRelease
Activity Start time  Duration Start time  Duration Start time  Duration

On locationready togo 12:00 PM 0:20 8:00 AM 0:20 12:00 PM 0:20
Load truck ahatchery 12.20PM 0:15 8:20 AM 0:15 12:20 PM 0:15
Transport to barge loading site 12.35PM 0:25 8:35AM 0:25 12:35PM 0:25
Load barge (boom or crane) 1:00 PM 0:20 9:00 AM 0:20 1:00 PM 0:20
Barge to release site 1:20PM 0:40 9:20AM 0:40 1:20PM 0:40
Release fish 2:00 PM 0:10 10:00 AM 0:10 2:00 PM 0:10
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3.5 Pathology, Physiology, and Morphology Monitoring

To document potential differences within and between replicate release gneugssignedhe

study to include an assessment of relative morphology, physiology and pathology. To conduct
this assessment, ten fistere collectedfrom each of thetreatmentreleass (Okanogan and
Methow) and 20 fish from each of the control (Tailraet@asefor eachreplicateprior to release
(approximately 640 fish total) We also collected easures ofnorphology (length, weight),
indices of fish health (color and texture of internal organs, fin erosion, descale) and disease
(bacterial kidney diseasd]agtail, coldwater disease, flukedch), physiological status of
smoltification (gill ATPase and smolt index@ndmeasures chcutestress (plasma cortigahnd
chronic stressplasma glucose)Theinformation collectedvas usedo determine whether there

were differences infish health, condition, smoltificatigror stresswithin each replicate release

pair that might bias the replicate survival estimatda addition,we alsocompaed between
replicate release groupsan attempt to document seasonal trendish physiologyand survival
Additional information collected from the pestortem examination of Chinook included
observations ofag placement andounst of fish with missing tagsfrom which we generatd
estimates of PHHag retention Appendix Bcontains the methodbat wereused to collect and
analyze the morphological, physiological and pathological samples.

For the purposes of comparing physical attributes between the treatment and control release groups
within a replicate pairing, the sangpimeansvere pooledor the two treatment release groups
(Okanogan and Methow) and then compdhedoooled meato that ofthe single control (tailrace)
releasayroup. A two-way ANOVA was usedio determinavhetherthere were differences between

the treatment and control release grouféiere appropriateither awo-sample Ztestor a Paired

t-test were usedto compare physiologicahnd morphologicasample means The statistical
comparisons between tlieeatmen and controlrelease groupwas conducte@t a significance

level of a = 0.10.

3.6 Estimation of Survival through the Wells Project
3.6.1 In-River PIT -Tag Interrogation

PIT-tagged Chinook released during the2@®VS were detected dtve downstream locations
(Figure 3.61). The first of these sites was located in the surface collectorsiiorader devices
located in thelBSat Rocky Reach DarfPTAGIS Site Code RRJ)At Rocky Reach Dam, the
detection of 134.2 kHz PHags was madeggsible by the installation & newlISO PIT-tag
detection systemrior to the 200 SVS Biomark installed this system through funding provided

by Douglas PUD and in close cooperation and coordination witRddic Utility District No. 1

of Chelan Count Biomarkupgradedhe readers in the RRJ system in March 2015 to improve
detection efficiency. Chelan and Douglas PUDs jointly fund the operation and maintenance of the
RRJ detection site.

Passive interrogatioof study fish ado occurred at McNaryohn DayandBonneville dams.The
experimental Pldtag trawl barge operated by theatiddnal Oceanic and Atmospheric
Administration (NOAA) just downstream of Bonneville Dandetected asmall number of
additional fish For statistical purposethe fishdetections below Bonneville dam were added to
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the totals at BonnevilleThe PTAGIS database managed by the Pacific States Marine Fisheries
Commission storeand archive all the release and recaptudataavailable for study fish.The
United States ArmyCorps of Engineers and the mteville Power Administratiorfund the
operationand maintenancef downstream fish passage and 4§ detection facilities

3.6.2 Estimates of Survival and Reach Survival Probabilities

The 2020 Wells SVSwas designetb estimate thduvenile Project Survival for yearling spring

migrating Chinook salmon. The 20SVSisa 10y ear fAcheckupodo to verif
passage survival at Wells Dam has changed since compliance was achieved following-the 1998
2000 survivalstudiesand the 2010 verificatiostudy TheHCP performance standasdemain

the same as during previosiidyyeas; a project passage survival & 2 0.93with a standard
error ofSE(@ ¢0.025

All tests of mo@l assumptions, model fitting, and parameter estimate of the retx=gsure
models were performed using the statistical freeware Program SURPH 3.5
(http://cbr.washington.edu/analysis/apps/surph).

3.6.3 ReleaseRecapture Design

Thereleaserecapture design consists of two reservoir release sites and one tailrace release site
belowWells Dam(Figure 3.63-1). The two upstream release sites were located &t€iouth

of the MethowRiver, near the town of Pateros, Washington, andh@ mouth of the Okanogan

River (seeFigure 3.41). Proposed release numbers of yearling Chinook salmon smolts were
35,200 and17,600 fish at the Methow and Okanogan release sites, respectively (i.e., 2. of

Fish released at the two sites wpoeled to represent a single fish sourc2)800 fish migrating

through the Wells Project. A total 62,800 fish were released into the Wells tailrace to serve as
the downstream control group. Tiadrace release took place approximately 1 f00flownstream

of theWells Project

The study consisted oBXeplicate releaséscheduled to matdhe currenttiming of theyearling

Chinook and Coho salmon and steelheadutmigration. On any pacular replicaterelease
sequence 1,100 2,200, and 3,300 yearling Chinook salmon smolts were released from the
Okanogan, Methow, and Wells tailrace release locations, respectively. The Okanogan releases
took place the day before the releases at the Methow and tailrace to mufficient time for
Okanogan Rier fish to comingle with fish released at the other two sites.

3 While the balace between treatment and control numbers remained the same fdf thplicéite, since not enough
fish remained for the full sample size, treatment and control releases comprised 2,687 and 2,684 fish above and below
Wells Dam, respectively, instead bft3,306fish target.
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17,672

34,874
(66.4%Methow e Okanogar(33.6%)

S, Wells Dam

Sy

Rocky Reach Dam
P B H 1 P,  (juvenilefish bypass
facility)

S S,

\ 4 McNary Dam (detector
P, B =) p,,  and diversion facilities)

813 SZ3

plS [‘;“\3“ \ﬁ p23

John Day Dam
/ (detector and diversion
/, 2 facilities)

BonnevilleDamé&
NOAA Bargédetector
facilities)

Figure 3.6.3-1  Schematic of release and PIHHag detection facilities used in the 220
Wells SVS. Parameters estimatedrom the releaserecapture data are
indicated, where S represents survival probability, p detection
probability, and & the joint probabildi
last reach.
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3.6.4 Survival Estimation

The estimation of project passage survival wastlan the paired releasscapture design and
complete capture history protocol of Burnham et al. (1987:142). Maximum likelihood
estimation was used to estimate the survigah(d detection probabilitiep)(in the joint
multinomial likelihood modkfor the paired releases (Figur€.3-1). Survival and detection
probabilities cannot be differentiated in the last reach; only the joint probability (i.e.;Y O
n andl “Y Q) ) of surviving and being detected were estimaflee releaseecature
data were analyzed using Program SURPH (http://www.cbr.washington.edu/analysis/
apps/surph).

The estimate of survival through the Wdlteject Y was estimated from the results of the
upstream and downstream releases by the expression

Yo —A 1)

The most efficient estimator &y depended on the relationship between the releRsasdRy)
and their downstream survival acdpture probabilitiesif all downstream parameters were
different between releases, survival would be estimated by the full rHpdebf Burnham et al.

(1987:117120) Intermediate models also ex{&urnham et al. 1987:116,1A26). The most
efficient estimate of Wells survivabf) was based on the statistical model for the releRsasd
R-that propely described the shared survival and detection proce3sesbest representation
for the survival and capture processes of reledsesd’Y was found using Program SURPH.
Sequential modeling was performed to determine the most appropriate and gstgiate oSy
and its associated variance estimate using likelihood ratio tests.

The variance of survival estimates was based on the delta method (Seber 9)98hé&re

V a iy - Var Var (2)

Vaily Y CVY CVY (3)

and where

Var

CV—

Capture histories from the OkanogardMethow releases were pooled in estimafing Capture
histories from the tailrace release were used in estimatingThe individual survival estimates
(i.,e.,”Y ,7Y ) contributing to the estimate dfivenile Project Survivalere based on multinomial
likelihood models with 2= 16 possible dowmsam capture histories (Table63+1). The
detection histories from thiur downstream dams were obtained from the PTAG&base
maintained and operated by thEN?FC. All analyses were based on Pidg data downloaded
from PTAGIS as of 12:00 p.m. adluly 31%, 2020.
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Table3.6.41. The possible 2= 16 capture histories for the multinomial models used to
estimate survival (S), detection probability (o) , and f i nal reach
parameters for the upstream treatment release in the 2020 Wel&VS.
The capture history sequences denote detection (1) ormaetection (0) at
PIT -tag detection sites at Rocky Reach, McNary, John Day, and
Bonneville dams (plus NOAA barge).The multinomial model for the
control release group is parameterized analogously.

Capture

history Probability of occurrence

1111 YR YR Yn !

0111 Y p A oYR Ynl

1011 YR Y pofpotYR o}

0011 Yp n Yp i oYnl

1101 YR YR Y ponypo}

0101 Yp i YRYp no}

1001 YR Y pofp Y p onfod

0001 Yp 3 Yp R Yp ol

1110 YR YR YR p 1}

0110 Y p R YR Yn p 1}

1010 YR Y pofoYn p !

0010 Yp n Yp Y op !

1100 YR Yn p Y Yp R p !}

0100 Yp [ YR p Y Yp [ p !}
1000 Yn p Y Y p oq pY Yp n p}
0000 P Y Y p N p Y Y p n p Y Yp R p}
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A seasorwide estimate of project passage survival was calculated as a weighted average of the
n = 16replicate estimates of survival over the season{¥a.= 1 , n)A1), where

B 0™

B © “)

where
P
0 WY

and where the standard error is estimated by

_ lam(§- 8.
3 48 = [T (5)

and where

The formulation for the weights was chosen so that they were not dependent on the point
estimate itself (1) but, rather, on the precision of the contributing component$ ¢.&., and
# 6°Y ), Equation (3)

3.6.5 Tests of Assumptions

Assumptions of the paired releaszapture desig(Burnham et al. 1987hclude the following:

Al. The test fish are representative of the population of inference.

A2. Test conditions arrepresentative of the conditions of interest.

A3. The number of fish released is exactly known.

A4. PIT-tag codes are accurately recorded at the time of tagging and at all detection sites.
A5. There is no tag loss.

A6. The fate of each individual fiss independent of the fates of all other fish.

A7. All fish in a release group have equal survival and detection probabilities.

A8. Prior detection history has no effect on subsequent survival and detection
probabilities.

In order to estimat&y, the survivalS:1 is assumed to be of the form:
Y Y 7Y, (6)
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leading to the relationship

The equality (6) implies two additional assumptiforsvalid estimation of Wells i@ject
survival. These are:

A9. Suruval in the WellsProject Sw) is conditionally independent of survival in the
Rocky Reach%:) Project.

A10. ReleaseR; andR. experience the same surviyabbability in the Rocky Reach
Project &1).

Assumptions (Al) and (A2) regard making valid inferences from the test fish to the survival
process of ruof-river fish. Wells Hatchery fish were used in the survival investigations and are
assumed to have similar survival as-nffriver fish. Conductng theSVSover the course of the
yearling Chinook salmon outmigration should have also helped assure test conditions are similar
to those experienced by rarfi-river fish. Another implied assumption is the 2:1 ratio of Methow

to Okanogan release numbersepresentative of the actual proportions of these fish sources to
the runof-river fish.

Careful fish handling and data processing should have helped assure Assumptions (A3) and (A4)
that the releaseecapture data are accuratessumption (A5) was s$afied if there is no tag loss

or the tag loss rate is equivalent for both upstream and downstream release Assupsption

(A6) was essentially for mathematically modeling the releasapture investigation.

Furthermore, in a system of tens of thanugs of migrating smolts, the death of one fish should

not have influenced the fate of other fish in the system.

Assumption (A7) was violated by the pooling of the OkanagaiMethow upstream releases
(Yand'Y). Fish from these different locations can be expected to have different survival
probabilities because of the differences in travel distancedNetertheless, the release
recapture model provides a weighted estimate of dam passage survival:

A B TR . .
Wy “Wig "W
where

"W = survival of released fisliom Methow through the WellsrBject,

"YI = survival of released fish from Okanogan through the WRetigect,
. Nj
0 Tjnj proportion of fish relased from Methow,
= nj

0 N Proportion of fish released from Okanogan.
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The survival estimate will be a weighted average (ratio 2:1) of the separate survival probabilities
from (a)Methow to Wells Dam and (b) Okanogan to Wells Ddndependent but not
identicallydistributed survival probabilities, however, will affect the variance estimates

produced by the modellhe actual variance will be smaller than that produced by the-mark
recapture moddFeller 1968: 230231) Consequently, the point estimate will be unbiased (i.e.,

as long as the proportiofs ando are representative of the system) and the variance
estimate biased but conservative (i.e., too big).

Assumption (A8) was evaluated using Burnham €18i87)tests B andTz. Assumptions (A9)
and (A10) were facilitated by staggering the release times in order for downstream mixing of the
test fish

3.6.6 Tests Between Releases

At each downstream Piiag recapture site (i.e., Rocky Reach, McNary, John Day, Bonneville),
the assumion of mixing among the releases of smoltsand'Y was evaluatedArrival

frequency distributions of the two release groups were graphically compared for similar arrival
modes and dispersions.

3.6.7 Tests Within a Release

For the single releagecapturemodel to be valid, certain data patterns should be evident from
the capture historied-or each release group, a series of tests of assumptions can be performed
to determine the validity of the underlying model (i.e., gessof-fit). The data from a sgle
release can be summarized by aamay matrix of the form below:

Recovery Site

Release Site Rocky Reach (2) McNary (3)  John Day (4) Bonneville (5)
ntal () m,, m, m,, Mg
Rocky Reach (2) m,, m,, m,.
McNary (3) m,, M,
John Day (4) M,

The valuedt is the number of fish detected at sithat are next detected at sjte
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Burnham et al. (1987: 65, 714) presents a series of tests of assumptions called Test 2 that
examine whether upstream detections affect downstseavival and/or detectionor each of
the'Y (i.e.,"Yaand'Yo combined) andy releases, the contingency table tests of the following
form were performed:

Test 2.2
m m,, M5

My, m,, Mg o 0

Test 2.3
r7114 + m24 mls +mzs

m, Mg o ®

Overall significance of Test 2 was based on the sum of theqclaire statistics.

Statistical tests were performed at U = 0.

Burnham et al. (1987: 65, 747) also present a series of tests of assumptions called Test 3,
which also examinerhether upstream capture histories affect downstream survival and/or
capture.For each of the releasé&s and'Y , contingency tables were constructed of the form:

Capture history to McNary Dar

01 11
11
Capture history at John Dz 10 (9a)
andBonneville Dams
01
00

Contingency table (9a) tests whether detection at Rocky Reach has a subsequent effect on
capture histories at John Day and Bonneville daBexause of potential data sparseness,
contingency table (9a) was reduced to the following 2x2 table in our analyses:

Capture History to McNary Dam
Test 3.R3 01 11
1| .. (9b)
0

Captured downstream

The values.. are the fish counts with capture histgky to Bonneville Dam.

2020 Wells Survival Verification Study
Page20 Wells Project No. 2149

10.



To test whether detection at Rocky Reach and/or McNary had an effect on the capture history at
Bonneville Dam, a contingency table can be construmftéloe form:

Capture History to John Day Dam
111 101 011 001

1 .. (10a)
.

Capture History at Bonneville

Because of potential data sparseness, contingency table 10a was tedheddllowing in our
analyses:

Capture History to John Day Dam
Test 3.R4 no yes

1| . (10b)
i

Captured at Bonneville Dan

An additional contingency table combines Burnham T8 and R4 tests to look at capture at
a dam has a subsequent effect on capture histories below that dam by looking at the next dam
detected. Combining (9b) and (10b), results in a contingency table:

Capture History to McNary Dam
01 11

John Day

Nextdetected at )
Bonneville (11)

The results of contingency tables 9b, 10b and 11 were combined for the overall test 3,
T I S

3.6.8 Modeling Paired-Tag Releases

For each pair of Okanogan/Methow and tailrace release groups used to estimate survival through
the WellsProject, a model fitting routine was performed to identify the most appropriate and
parsimonious likelihood modelfwo approaches to model fitting veeused for each release

pair: (a) forwardstep fitting routine and (b) test of overall fit of the selected model.

The forwardstep fitting routine began with all detection, survival, and last reach probabilities
unique. The forward sequential procedw@s used to test for (in orde)h“Yhry h“Yhr hand

= homogeneity between release groups from Okanogan/Methow and the Wells tdilvace.

forward-step fitting procedures kept survival probabiliti¥s and™Y unique throughout all
stepsof the test (Figur8.6.3-1). The selected model was then compared to the fully
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parameterized Cormaelolly-Seber (CJS) model to assess whether the selected model
adequately described the capture data

3.6.9 Smolt Survival Comparison Between Years

Using the estimates from the 1998, 1999, 2000, and this year (2020), a comparison of mean
survival was performedThe test of equal survival was based on an asympteaestnof the
form:

Y Y(y Y ny
o (11)
VaryY Vary Vary
o va'Y

where

Y = weighted average of Wellxrojectsurvival from the 1998 PHag study, and
Y = weighted average of WelRrojectsurvival from the 1999 PHag studyand
Y = weighted average of WelRrojectsurvival from the2000PIT-tag study, and
Y = weighted average of WelRrojectsurvival from the 2020 PHag study.

Thetwot ai | ed test of equality of survival esti me

A test of equality was also performed between 1998, 1999, 20@0, and this year (2020).
This test of equal survival was based on an asymptetistZof the form:

- T “Y
© (12)
Vary Vary Vary Vary
Vary
pPo

where
Y = weighted average of Wells survival from the 2010-RiJ study and other parameters
are identical with (11)
3.6.10 Five-Year Average Project Survival

The Wells HCP required that all years)Sbe averaged to determine the average project
mortality and comsponding mitigation levelsAn arithmetic average was selected as the most
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appropriate estimate to represent average survival for yearling Crand@oho,and steelhead
migrating through the Wells Projecthe equation for this average is represebtdw:

. (£, 55 5.f w8

(13)
avg 5

Y = arithmetic average of the five years of R&f survival studies,

Y = weighted average of Wells survival from the 1998-Rig study,

Y = weighted average of Wells survival from the 1999-RiJ study,

Y  =weighted average of Wells survival from the 2000-iJ study,

Y = weighted average of Wells survival from the 2010-Ri study, and
Y = weighted average of Wslkuvival from the 2020 Plfag study.

Becausalll yearly survival estimates were estimated \apiproximatelythe samdevel of
precision, the variance of (1@)as calculated as

6 A OF 'Fr (14)

where

i ris the empirical variance amongetfive years of survival estimates.
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4.0 RESULTS

4.1 Fish Collection, Tagging, and Holding

In total, more than 11®00 yearling Chinook salmon were collected and handled fo2@28
SVS. Of these fish109,61 Avereultimately PIT-taggedor use in the stud¢Table4.1-1). Of the
109,617Chinook PIFtagged for theSVS 590 were known mortalities and recovered by fish
husbandry staff.Visual identificationof avian and smailnammalpredatorsvere notedat the
Wells Hatcheryleading staff tosuspect a few rearing mortalities were not recovered due to
predation. During releas&3 dead or moribund fish were recoveredeisase containgrwere
emptied at relase locations.n total, 105,332 were releastmt the 2020 Wells SVS After the
SVSwas over, pproximately 50 extr®IT-taggedish were releaskdirectly fromWellsHatchery

and were excluded from the study.

Table 4.1-1 Summary of yearling Chinook salmon PIT-tagged at Wells Hatchery
from November 12 1 17", 2019for the 2020 SVS

Raceway  # Tagged Fish

1A 7,296
1B 7,322
2A 7,317
2B 7,318
3A 7,314
3B 7,316
6A 7,313
6B 7,320
T7A 7,302
7B 7,263
8A 7,314
8B 7,285
9A 7,318
9B 7,306
10B 7,313
Total 109,617

Fork lengths were recorded f00.7-98.2%6 of the fish taggetbr theSVS. The average fork length
for the fish tagged iNovember 2019vas93-96 mm and ranged fror5 mm to126 mm (Table
4.1-2).
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Table 4.1-2 Length summary of yearling Chinook salmon PIT-tagged at Wells Hatcheryin November 2019 for the 2020
SVS by raceway

Raceway 1A 1B 2A 2B 3A 3B 6A 6B TA 7B 8A 8B 9A 9B 10B | Overall
Replicate 2 1 3 4 5 6 7 8 9 10 11 12 13 14 15

Minimum 69 69 67 66 69 68 72 69 70 69 66 68 66 65 66 68
Maximum 136 140 135 130 126 126 128 132 139 136 135 130 133 134 131 133
Median 93 94 95 94 93 93 94 94 94 95 94 92 92 93 93 94
Mode 93 94 93 93 93 92 93 93 93 93 93 93 93 92 93 93
Average 94 95 96 95 94 94 95 94 95 96 95 93 93 94 94 94

# Lengths Recorded 6,200 | 6,885 | 7,188 | 7,170 | 5,175 | 5,252 | 5,491 | 5,173 | 5,346 | 5,326 | 5,336 | 5,849 | 5556 | 5443 | 5364 | 86,754
#Fish Tagged 729 | 7,322 | 7,317 | 7,318 | 7,314 | 7,316 | 7,313 | 7,320 | 7,302 | 7,263 | 7,314 | 7,285 | 7,318 | 7,306 | 7313 | 109,617
% Lengths Recorde( 85.0% | 94.0% | 98.2% | 98.0% | 70.8% | 71.8% | 75.1% | 70.7% | 73.2% | 73.3% | 73.0%| 80.3% | 75.9% | 74.5% | 73.3%| 79.1%
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4.2 PIT-Tag Interrogation, Transportation, and Release

The interrogation of PIFfagged Chinook was initiatedith theloadingof release containefer
Replicate 1and continued every other day throubh final release Fish were collecteftom the
racewayby crowder and fish pump, sent througldewatering towerthrougha singulatorand
finally through four PITtag interrogation coils.Once detected, fish werandomly assigned to
one of the three release sitg@ghin a replicate pairing Each releaseontainerin each release
groupwasloaded according to a randomized schedulesldpedprior to theimplementatiorof
theSVS Tag files that were uploaded tG RGIS are summarized ihable 4.22.

The amount of time to loadralease containesaried from 10 to 83 minutes with the average load
time being 18 minutes and generally became more efficient &8uv8@roceeded. The time to

load the Okanogan releasentainers varied between 10 and 31 minutes with an average loading
time of 17 minutes. The Methow release containers loading times varied between 10 minutes and
83 minutes with an average loading time of 20 minutes. The control group release containers
loading timewariedbetween 7 and 42 minutes with an average of 17 minutes

Daily releasesf PIT-taggedChinooksalmontook place at th®kanogar{odddays) andMethow
and tailracdevendays)release sitestarting on Aprill3 and ending on May4, 2@20. On each
of the 16 releasecontainer loadingdays, 12 release containers wefdled with PIT-tagged
Chinook Standardization dfruck loading, transportation, and barge loading timasaghieved
both within and between replicate release gro@psaverage, truckoading required 0 minutes
transport time averagezb minutes,and barge loading timesseraged31 minutes. Towing the
barge to the release site required an averag® wiirutes.

42.1 River Environment

DO and water temperatures for each container were recorded -aeterenined intervals
throughout the transportation process. Record3@fand temperature indicated similar trends
within and between replicate release sit@gerage oncentrations obO varied less than 1.0 mg
O, /L betweerthe treatment and control releases within a replidatgeneralDO concentrations

were onsistently maintained betwe@®i2 and 20 mg O, /L, decreamg moderately duringhe
course of theSVS with naturally increasing water temperatur@sgure 4.21). The water

temperature in the release contas variedetweer6.4and15.1 C and generally increased with
each replicate as river temperatures warmed throughout the(stppgndix A.

Water temperatures within a replicate pair varied less than one deelgas (C) during the
transportation phase of t8/S. Over the course difie study, Columbia River wate¥mperatures

climbed from an average 6f5 C on the first release day @® C by the end of the studiFigure

4.2-2). Flows at the Wells Project were 74 k¢fisousand cubic feet per secormah) the first day

of the studyand remained low until around April ¢ andincreased to an average of 190 kcfs by

the end of th&SVS (Figure4.2-2). The meandaily discharge from Well®rojectbetween April

13" and May31%, 2020was 148,144cfs, which corresponds with td& percentile exceedance

value onthe updated Spring Flo®uration Curve approved by the WelCP CC in December

2019. Thus, flows in 2020 satisfied the HCP de
condi ti on detveernbe1d tna BA peroegtie points on the flowduration curve.
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Figure 4.2-1 Average DO and water temperatures recordedor releasecontainers
arriving at the Okanogan, Methow and tailrace (control group) release
sitesduring the 2020 SVS.
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Figure 4.2-2 River Environment for the 2020 WellsSVS.
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Table 4.2-2 Tag File Names and Loading Summary for the 2020\55.
Replicate Release Filename Raceway | Release Date Release Site # | Morts # Sample Morts
1 BMF2020-104001.XML 1B 13-Apr-20 Okanogan 0 10

BMF2020-104P01.XML 14-Apr-20 Methow 0 10
BMF2020-104W01. XML Control 0 20
2 BMF2020-106-002.XML 1A 15-Apr-20 Okanogan 0 10
BMF2020-106-P02.XML 16-Apr-20 Methow 1 10
BMF2020-106W02. XML Control 0 19
3 BMF2020-108-003.XML 2A 17-Apr-20 Okanogan 0 10
BMF2020-108-P03.XML 18-Apr-20 Methow 0 10
BMF2020-108W03. XML Control 1 21
4 BMF2020-110-004.XML 2B 19-Apr-20 Okanogan 0 11
BMF2020-110-P04.XML 20-Apr-20 Methow 0 10
BMF2020-110-W04. XML Control 0 20
5 BMF2020-112-005.XML 3A 21-Apr-20 Okanogan 0 10
BMF2020-112-P05.XML 22-Apr-20 Methow 0 10
BMF2020-1122W05.XML Control 0 20
6 BMF2020114-006.XML 3B 23-Apr-20 Okanogan 0 9
BMF2020-114-P06.XML 24-Apr-20 Methow 0 10
BMF2020-114W06.XML Control 0 21
7 BMF2020116-007.XML 6A 25-Apr-20 Okanogan 0 10
BMF2020-116-P07.XML 26-Apr-20 Methow 0 11
BMF2020-116W07. XML Control 0 22
8 BMI2020-118-008.XML 6B 27-Apr-20 Okanogan 0 10
BMI2020-118-P08.XML 28-Apr-20 Methow 0 10
BMI2020118-W08.XML Control 0 21
9 BMI2020-120-009.XML 7A 29-Apr-20 Okanogan 0 11
BMI2020-120-P09.XML 30-Apr-20 Methow 0 10
BMI2020120-W09.XML Control 0 22
10 BMF2020122-010.XML 7B 1-May-20 Okanogan 0 10
BMI2020-122-P10.XML 2-May-20 Methow 0 10
BMF2020-1222W10.XML Control 0 19
11 BMF2020124-011.XML 8A 3-May-20 Okanogan 0 10
BMF2020124-P11.XML 4-May-20 Methow 0 10
BMF2020124W11. XML Control 0 18
12 BMI2020-126:012.XML 8B 5-May-20 Okanogan 0 12
BMF2020-126-P12.XML 6-May-20 Methow 0 10
BMF2020-126:W12. XML Control 0 19
13 BMI2020-128-013.XML 9A 7-May-20 Okanogan 0 10
BMI2020-128-P13.XML 8-May-20 Methow 4 10
BMF2020-128W13. XML Control 2 18
14 BMF2020130-014.XML 9B 9-May-20 Okanogan 0 10
BMF2020-130-P14.XML 10-May-20 Methow 1 10
BMF2020-130-W14. XML Control 0 20
15 BMF2020132-015.XML 10B 11-May-20 Okanogan 0 10
BMF2020-132-P15.XML 12-May-20 Methow 2 11
BMF2020-1322W15.XML Control 1 20
16 BMI2020-134-016.XML 104 13-May-20 Okanogan 0 10
BMF2020-134P16.XML 14-May-20 Methow 0 9
BMF2020-134W16.XML Control 1 19

4 Replicate 16comprisedof surplus fish from raceways used in earlier replicategra fish at the end of a given

replicate loading were moved to raceway 10A until the end d®#@whena 16" replicate was performed

Page28

2020 Wells Survival Verification Study
Wells Project No. 2149




4.3 Pathology, Physiology, and Morphology Monitoring

The mean fork length aftudy fishsampled fophysical parametersanged fronll19to 208 mm
with a mean ofl61.4mm. The mean fork length for fish released at the Okanogan, Methav
tailrace release sites wet61.5mm, 161.0mm andl161.5mm, respectively A statistical
analysis of mean fork lengtbr the yearling Chinook released above hetbw the Wells
Projectfound no significant differencdsetweerthegroups(ANOVA, p =0.94) (Figure4.3-1).
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Figure 4.3-1 Mean fork length (cm) at release for all16 replicate release groups
releasedduring the 2020 Wells SVS. In this and the nextthree figures,
values inside compressed green diamonds are 95% confidence interyals
and data collected from fishsacrificed for physiological trials.

The mean weight aftudy fishranged fronil1.1grams (g) tdB6 g with a mean 084.4g. The
mean weight for fish released at the Okanogan, Methad tailrace release sites w889,

34.1g,and 34.4g, respectively. A statistical analysis of méiah weightfoundno significant
differencesdetweerthecontrol and treatment group&ANOVA, p =0.90) (Figure 4.32).
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Figure 4.3-2 Mean fish weight (g) for the 16 replicate release groups sampled during
the 2020 SVS.
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Statistically significant differences plasma glucoséANOVA, p < 0.01) cortisol,and heratocrit
were identified between release sitdd of the other physical parameters sampl@deconsistent
between théreatment and control release groupéeansfor plasma glucose for fish released at
the Okanogan, Methovand tailrace release sites were 74.2uing0.9 mgul, and 66.9 mall,
respectively andalthough statistically significantvere likely attributed to fasting timesiigie
spent inrelease comtiners at Wells Hatchery without food prior to release The observed
differenceswere unlikely to be biologically relevasince a number of biological studies have
shown the link between nutrition, fasting and dastd the differehglucose values obsvedfall
well within the homestatic level (Barton et al. 198Bigure 4.33). In most caseplasma glucose
concentration was in the pstress range suggesting that the majority of the fish were at a resting
level for this response variable at thediof release.
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Figure 4.3-3 Mean plasma glucose (mg/dl) for release location (left panel) and grouped

treatment and control fish (right panel).

Cortisol showed significant differences between population released at both treatment locations
and the control locationThe tailrace fish exhibited the lowest signs of stress from a plasma
cortisol standpointOkanogan fish had the highest cortisolues. All three populations differed
significantly (ANOVA, P<0.0001).Average cortisolalueswere 111.61g/ml, 85.9ng/ml, and

70.2 ng/ml for Okanogan, Methgand tailrace fishrespectively.When thecontrolfish were
compared to the combingéctatmenfish, they had 18.8% loweneancortisol values (Figure

4.34).
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Figure 4.34 Mean plasma cortisol (ng/ml) for release location (left panel) and grouped

treatment and control fish (right panel).

Hematocrit values mirrored plasma glucose vahreswhile statisticallysignificant(p < 0.001)
the observed differencéetweernvalues fortreatment and control fisdrebiologically irrelevant
(Figure 4.35). The literaturedescribes a close link betweglucose and hematogrwith
glucosepositivdy biasdat lower hematocrit levels and negatiwbiasdat higher hematocrit
levels(Tang et al. 2000)Hemadocrit valuesverea few percentage points higherdath
treatmen{52.7%)and contro(54.7%)fish compared to what would be consideaed
homeostasitevel of 44- 49% (Sandnes and Waagbo 2008% such, significandlifferences
observed in hematocrit were suspected to be inconsequerdiaiieal rates
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Figure 4.35 Mean hematocrit value (%) of red bloods cells relative to blood plasma)

for grouped treatment and control fish.

At the time of the issuance of this draft repogsult of gill ATPaseesults werenot available, but
are nonethelessxpeced to bestatisticalsimilanty between treatment and control fishd if not,

no biologically relevant differencelThere is an expectation thgitl ATPase, a measure of ocean
readinessywould change througbutthe course of th8VShbutto not differbetveen treatment and
control fish an observation found during the 2010 SVS (Bickford et al. 2011).
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Based upon the data collected, all of the release groups contained healtWdistihserved but
did not recordncreased smolt readinessl¥ering of mdy) asthe SVS progresed Of the 655
fish observed during physiological processing notedsix i h u mp b @Ehred&treabment and
threecontrol fish)andonefish with a shortenedower maxilla (lower jaw control fish. We did
not observedin erosion andrarely observediescaling. When presentdescaling was minimal.
Color and size of internal organs was noted as normal for all gemgps generalprgan color
and size indicad healthy pathogerfree fish Field notes from the Buglas PUDGs fish-health
expert andoctor of Veterinary MedicinedVM) indicated less than 1% of the 655 fsdmpled
had any observed external abnormality.

The mean fat indexvas 1.80 for control fish and 1.83 for treatment fish and did not differ
significantly (p = 0.40). These index valuesdicatedthat fish were not ovéxd prior to release
and had sufficient but minim#&ht reserves.Fatindexvaluesremaired constant through th8VS.

Fish size as measured by weight and length increslggdly but significantly as the replicates
proceededp < 0.001; Figure 4-8).
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Figure 4.3-6 Change in fish sizeover the course othe 2020 SVSas measured by
weight (g; right panel) and length (cm; right panel) Data collected from
fish sacrificed for physiologicaltrials.

2020 Wells Survival Verification Study
Page32 Wells Project No. 2149



4.4 Estimates of Detection and Reach Survival Probabilities

Arrival of study fish at the Rocky Readavenile(RRJ)Fish Bypass closely matched the arrival
timing of runat-large steelhead, yearling ChingadCoho (Figure 4.41), indicating thathe
release schedule approved in 8\Splan was appropriate.
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Figure 44-1 Number of tagsdetected at the Rocky Reach juvenile fish bypass system
by date for run-at-large steelhead, yearling Chinook, andCoho (primary
y-axis);, and SVSfish (secondary yaxis)

PIT-tag detection probabilities were estimated at Rocky Reach, McNary, and Jodarbay
Reach survival was estimated from release to Rocky Reach, Rocky Reach to McNary and
McNary to John Dagam.

For the last reachdtween Jon Day and Bonnevilleadns, only the joint product of survival and
detection at Bonnevill e Dam ( @dmplate dbt€zthoA bar ge)
histories for each release group are provided in Tablé 4t reflect complete PTAGIS data

from rdease hroughJuly 31,2020.
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Table 4.4-1. Complete detection history for each release groupCounts of smols by detection history for each release
group used in the 2020 WellSVS. The digit 1 denotes detected; 0, not detected; and 2, censored at Rocky
Reach, McNary, John Day, and Bonneville tailracesDetection histories reflect data downloaded from
PTAGIS August 17", 2020, using detections through Jul\31st.
Release 1111 0111 1011 0011 1101 0101 1001 0001 1110 0110 1010 0010 1100 0100 1000 0000 2000 1200 0200 1120 0120 1020 0020 Total
OkanoganMethow
opl O 0 2 3 0 2 56 8 0 3 45 49 36 33 93(209 8 1 0 O O 0 1 334
op2 o 0 3 3 3 3 61 8 2 3 37 59 27 42 9€197¢ 34 1 0 O O 0 0O 330
op3 O 0 2 6 0 2 61 104 0 2 48 62 18 30 873209 22 0 0O O O 1 1 333%
op4 O 0 1 4 1 4 4 92 2 3 42 50 17 31 95€206C 2 O O O O 0O 0 333%
op5 O 0 5 2 2 0 4 8 1 1 38 55 22 41 9272061 4 O 0O O O 0 1 333
op6 O 0 3 4 2 2 67 9% 0 0 2 52 21 36 920206 22 0 0 O O 1 0 332
op7 1 1 2 2 0 2 52 8 0 2 3 55 20 31 952051 22 0O 0O O O O 0O 33
op8 1 0 4 6 1 2 57 94 0 0 23 45 20 2610182037 3 O O O O O 1 3367
op9 o 0 5 6 1 2 62 11 O 1 26 38 17 33 93202 32 0 0 O O 0 0 329
op10 1 1 1 5 3 2 758 107 3 2 2¢ 52 19 34 91¢204€ 33 0 1 O O 0 0 333
op1l o 0 1 7 0 1 68 111 1 2 34 41 18 26 901209 3¢ 0 0 O O 0 0 334
op12 o 0 7 2 2 0 71 114 1 0 33 50 22 32 8312100 3 0 0 0O 0 0 0 330
op13 O 1 1 4 2 3 61 11T 0 1 24 3¢ 11 23 81213 27 0O 0 O O 0 0 329
opl4 O 0 5 5 0 3 6C 111 1 3 25 40 12 36 841213 5 0 0O O O 0 0 332
op15 O 0 6 5 3 4 56 104 0 3 22 53 14 24 79¢2171 32 0 0 O O 0 0 329
op16 o 0 6 8 1 2 64 75 0 2 28 3 11 21 67€172¢ 26 O 0O O O 0O O 268t
Wells
wil O 0 2 2 1 2 61 93 0 3 26 46 23 29 97¢208€ 22 1 0O O O O O 337
w2 O 0 9 5 1 2 58 106 0 4 46 51 19 36 9912106 37 O O O O O O 347
w3 o 0 3 3 1 3 76 111 0 3 31 51 22 55101€1991 3% 0 0 O O 0 O 340
w4 O 0 3 6 4 3 71 10¢ 1 2 3¢ 45 20 31 99C2001 24 0 0 O O 0 0 334
w5 O 0 6 8 2 7 6 70 O 4 4C 44 19 36 95 201¢ 45 O O O O O O 330¢
w6 2 0 3 4 3 1 6 9 1 0 37 60 25 30 97( 196 42 O O O O 1 0O 330¢
w7 O 0 2 4 2 1 8 9 0 5 34 47 18 35 991981 32 O 0O O O 0O O 332
w8 o 0 5 5 1 3 6 99 0 3 31 50 16 30 98€ 1971 51 O 0O O O 0 1 3313
w9 o 0 3 7 2 3 54117 0 0 2¢ 60 19 37 951199: 38 O O O O O O 331
w10 o 0 3 6 1 1 72 112 1 2 35 44 25 36 90C205%€ 45 O 0O O O 0 0 334
wil O 0 4 4 1 2 67 102 0 0 28 54 26 371011194 25 0 0O O O O O 330¢
w12 O 0 7 8 1 4 7C 104 0 3 24 51 19 30 9642006 37 O 0O O O 0 0 33
w13 O 0 1 3 2 5 66 107 0 1 27 40 16 30 87213 34 0 0 O O 0 0 333
w14 O 0 4 7 4 2 66 10¢ O 1 2¢ 59 10 31 91€203% 37 0O 0O O O 0 0 331
w15 O 0 4 6 1 5 71 122 2 1 26 56 15 30 87€202¢ 64 0O 0O O O 0 1 330¢
w16 0O 0 3 7 0 0 53 94 1 0 35 49 9 26 702167C 35 0 0 O O 0 0O 268
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Average detection probability at Rocky Reach was 0.3930 across the 32 release Aveupge
detection probabilities downriver at McNary and John Day dams were much lower, 0.0253 and
0.0501, respectivelyThe average joint probability of survival from John Day to Bonneville and
being detectedt Bonneville Dam or the NOAA bargeas estimated at 0.0954 he high

detection probability at Rocky Reach Dam preseithe precision of th&VS.

Survival estimateffom release to Rocky Reach Dam had standard errors in the rangei 0.0428
0.0745 (Tablet.4-2). Despite the variability, the replicate estimates of survival acrosS\Be
period from Okanogan/Methow to Rocky Reach (Figude2a) and Wells tailrace to Rig

Reach (Figurd.4-2b) showed no seasonal trer@&n though river flows more than doubled
during theSVS.
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Table 4.4-2. Cormack-Jolly-Seber estimates of survival and detection probabilities for
each release group used in the 2020 We#d/Sbased on the full model.
The joint probability of recovery from John Day to Bonneville and being
detected at Bonneville Damf is reported in the last column. Standard
errors are reported in parentheses.Survival averages were weighted by
(1/CV?).
Survival Probability of Detection at Com_bined
detection and
Relkase Release to Rocky Reach to McNary to Rocky Reach McNary John Day survival _
Okanogarn/Methow
opl 0.7205 (0.0428) 1.5052 (0.6489) 0.8250 (0.4993)  0.4477 (0.0281) 0.0208 (0.0092) 0.0346 (0.0152) 0.0490 (0.0214)
op2 0.8277 (0.0514) 0.6978 (0.1962) 1.4959 (0.7115)  0.4147 (0.0272) 0.0430 (0.0127) 0.0380 (0.0152) 0.0561 (0.0222)
op3 0.7872 (0.0505) 1.4450 (0.6953) 0.6992 (0.4070)  0.3911 (0.0266) 0.0138 (0.0069) 0.0464 (0.0160) 0.0667 (0.0228)
op4 0.8531 (0.0600) 0.5096 (0.1483) 2.1415 (1.0982)  0.3828 (0.0283) 0.0403 (0.0125) 0.0331 (0.0146) 0.0490 (0.0214)
op5 0.8621 (0.0616) 1.3897 (0.6754) 0.5148 (0.3078)  0.3746 (0.0281) 0.0170 (0.0084) 0.0508 (0.0187) 0.0686 (0.0250)
op6 0.8157 (0.0548) 1.4361 (0.6952) 0.5479 (0.3268)  0.3923 (0.0278) 0.0158 (0.0078) 0.0407 (0.0151) 0.0824 (0.0298)
op7 0.8202 (0.0560) 0.8460 (0.3278) 1.0737 (0.5838) 0.4014 (0.0288) 0.0250 (0.0101) 0.0417 (0.0167) 0.0588 (0.0233)
op8 0.8899 (0.0643) 0.9878 (0.4752) 0.4055 (0.2219) 0.3858 (0.0292) 0.0171 (0.0085) 0.0675 (0.0196) 0.1392 (0.0390)
op9 0.8660 (0.0609) 1.2050 (0.5814) 0.3798 (0.2085) 0.3779 (0.0280) 0.0159 (0.0079) 0.0588 (0.0172) 0.1447 (0.0404)
opl0 0.8155 (0.0518) 0.5672 (0.1493) 1.5053 (0.6288) 0.3984 (0.0268) 0.0433 (0.0122) 0.0410 (0.0142) 0.0851 (0.0288)
opll 0.7878 (0.0518) 1.2280 (0.5889) 0.6331 (0.3662) 0.4025 (0.0279) 0.0150 (0.0075) 0.0426 (0.0147) 0.0930 (0.0313)
opl2 0.7300(0.0447)  2.2402 (1.2591) 0.3807 (0.2433)  0.4156 (0.0270) 0.0107 (0.0062) 0.0459 (0.0150) 0.0968 (0.0307)
op13 0.8319 (0.0635) 0.5370 (0.1871) 1.4799 (0.7580)  0.3562 (0.0286) 0.0281 (0.0105) 0.0324 (0.0130) 0.0857 (0.0335)
opl4 0.8445 (0.0629) 0.7206(0.2569) 0.7312 (0.3303)  0.3539 (0.0277) 0.0277 (0.0103) 0.0543 (0.0167) 0.1266 (0.0374)
op15 0.8046 (0.0608) 0.4690 (0.1345) 1.1720 (0.4550)  0.3517 (0.0280) 0.0391 (0.0121) 0.0618 (0.0180) 0.1236 (0.0349)
oplé 0.6804 (0.0452) 0.9122 (0.3800) 0.5426(0.2564)  0.4450 (0.0312) 0.0225 (0.0100) 0.0897 (0.0229) 0.1750 (0.0425)
Weighted Avg. 0.8035 (0.0145) 0.8599 (0.1066) 0.9774 (0.1295)
Unwgt Avg.  0.8086 (0.0142) 1.0435 (0.1211) 0.9080 (0.1296)  0.3932 (0.0071) 0.0247 (0.0028) 0.0487 (0.0038) 0.0938 (0.0095)
Wells
wl 0.8268 (0.0569) 0.8244 (0.3197) 1.3938 (0.8557) 0.3992 (0.0288) 0.0259 (0.0104) 0.0248 (0.0123) 0.0506 (0.0247)
w2 0.8351 (0.0527) 0.8780 (0.3137) 0.5976 (0.2548)  0.4001 (0.0267) 0.0246 (0.0092) 0.0765(0.0196) 0.1217 (0.0305)
w3 0.9238 (0.0593) 1.0883 (0.3952) 0.8829 (0.4661)  0.3775 (0.0257) 0.0248 (0.0093) 0.0305 (0.0122) 0.0659 (0.0260)
w4 0.8224 (0.0502) 0.6323 (0.1839) 1.2111 (0.5090)  0.4183 (0.0270) 0.0353 (0.0110) 0.0459 (0.0150) 0.0938(0.0297)
w5 0.7722 (0.0483) 0.5022 (0.1263) 0.8843 (0.2998)  0.4391 (0.0289) 0.0539 (0.0146) 0.0915 (0.0233) 0.1373 (0.0341)
w6 0.8166 (0.0494) 0.9198 (0.3281) 0.8612 (0.4040)  0.4260 (0.0272) 0.0254 (0.0095) 0.0513 (0.0166) 0.0841 (0.0268)
w7 0.8137(0.0497)  0.7698 (0.2544) 1.3704 (0.6933)  0.4279 (0.0276) 0.0296 (0.0103) 0.0326 (0.0131) 0.0652 (0.0257)
w8 0.8869 (0.0599) 0.6888 (0.2440) 0.8408 (0.3807)  0.3926 (0.0279) 0.0266 (0.0099) 0.0567 (0.0174) 0.1064 (0.0318)
w9 0.9994 (0.0745) 1.0251(0.4420) 0.5489 (0.2828)  0.3310 (0.0260) 0.0182 (0.0081) 0.0538 (0.0165) 0.1010 (0.0303)
w10 0.7817 (0.0477) 1.4301 (0.6154) 0.5401 (0.2844)  0.4144 (0.0268) 0.0180 (0.0080) 0.0459 (0.0150) 0.0989 (0.0313)
will 0.8974 (0.0588) 1.9668 (1.1104) 0.3519(0.2291) 0.3917 (0.0271) 0.0114 (0.0065) 0.0442 (0.0153) 0.0889 (0.0300)
wl2 0.8755 (0.0587) 0.6733 (0.2223) 0.6206 (0.2453) 0.3849 (0.0272) 0.0294 (0.0102) 0.0773 (0.0192) 0.1613 (0.0381)
wl3 0.7908 (0.0553) 0.6530 (0.2148) 1.9471 (1.1249) 0.3839(0.0283) 0.0317 (0.0110) 0.0217 (0.0108) 0.0556 (0.0270)
wil4 0.8970 (0.0636) 0.6571 (0.2317) 0.9059 (0.4003) 0.3590 (0.0268) 0.0249 (0.0093) 0.0573 (0.0168) 0.1100 (0.0313)
wl5 0.8813 (0.0600) 0.6214 (0.1913) 1.1223 (0.4692) 0.3643 (0.0263) 0.0305(0.0100) 0.0483 (0.0149) 0.1053 (0.0315)
w16 0.8336 (0.0613) 3.9559 (3.9028) 0.1712(0.1756)  0.3746 (0.0292) 0.0041 (0.0041) 0.0637 (0.0195) 0.1053 (0.0315)
Weighted Avg. 0.8493 (0.0144) 0.8159 (0.1036) 0.9089 (0.0913)
Unwgt Avg. 0.8534 (0.0149) 1.0804 (0.2125) 0.8906 (0.1112) 0.3928 (0.0071) 0.0259 (0.0027)0.0514 (0.0048) 0.0969 0.0073)
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Figure 4.4-2. Release pattern of reaclsurvival estimates for (a) Okanoga/Methow to

Rocky Reach Dam and (b) Wells tailrace to Rocky Reaakith 95%
confidence intervals. The dashedblue line is mean value and blue band
the 95% confidence interval of the mean.

44.1 Tests of Assumptions

The tests of assumptions were performed on individual replicates of the pooled
Okanogan/Methow releases and the Wells tailrace releasasdygffish The subsequent tests of
assumptions assisted in the selection of the most appropriate approach fatiregtie@ach

survival.
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4.4.2 Homogeneous Downstream Mixing of Release Groups

A sufficient, but not necessary, condition for validly estimating reach survival is the downstream
mixing of the pooled Okanogan/Methow and Wells tailrace releases within a paired.r€eas
measure of mixing is the homogeneous arrival of smolts frorthteerelease groups at
downstream detector dam¥isual inspection of the arrival plots (Append¥ suggests good

mixing, with all three releases showing very similar modes ofalraitvdetector dams.

443 Burnham et al. (1987) Test 2: Upstream Detections Do Not Affect
Downstream Survival and/or Detection

To validate estimation of smolt survival using the SRR model, upstream detection history of a

fish should have no effect on subseagudownstream detection and survivakest 2.2 tests

whether the detections at Rocky Reach affected downstream capture histories at McNary, John

Day, or Bonneville damsTest 2.3 tests whether detections at Rocky Reach or McNary had no

effect on downstr@m captures at John Day or Bonneville da@$the overall Test 2 results,

oneof the 32 release groups (3.4420.%ndemteesullsi gni f
hypothesis one might expect 10%1(Qqlevel.&hisrate3. 2 t e
of rejection is consistent with compliance with model assumptibmaddition, details of the 2.2

and 2.3 tests showed no consistent pattern of violating model assumptions across release groups
(AppendixD).
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Table4.4.31. Results (i.e.,”values) of Burnham et al. (1987)ests 2 and 3 for goodness
of-fit to the single releaserecapture assumptions for the
Okanogan’Methow and Wells tailrace releasesSignificant values P<
0.10) are shaded.NA indicates there were not enogh detections to test.

Burnham Tests

Release 2.2 2.3 Overall 2 3.R3 3.R4 3.m3 Overall 3 2+3
Okanogan’ Methow
opl 0.3754  0.7217 0.5547 0.0734  1.0000 NA 0.2013 0.3812
op2 0.9214  1.0000 0.9832 0.9472 1.0000 1.0000  0.9999 0.9999
op3 0.5211  1.0000 0.7282 0.3332  0.4753 NA 0.4853 0.7385
op4 0.2744  0.7995 0.4486 1.0000 0.4332 1.0000  0.8932 0.7749
opS 0.2227  1.0000 0.3910 0.2828 0.2655 1.0000  0.4948 0.4939
op6 0.6217  0.3603 0.6177 1.0000  0.9259 NA 0.9957 0.8766
op7 0.8154  0.4269 0.7917 0.5250 0.4698  1.0000 0.8910 0.9228
op8 0.5333  1.0000 0.7392 1.0000 0.6829  1.0000 0.9828 0.9644
op9 0.6253  1.0000 0.8160 1.0000 1.0000  1.0000 1.0000 0.9878
op10 0.5709  0.1201 0.3159 0.2673 1.0000 1.0000  0.7457 0.5739
opll 0.8121 01937 05507  0.9291 0.1282 1.0000 05083  0.6190
op12 0.6241 1.0000  0.8150  0.1569 = 0.0736  NA 0.0741 02922
opl13 0.8656 1.0000  0.9621  1.0000 1.0000 0.8948  0.9994  0.9995
opl4 0.1418 02770  0.1654  0.8830 0.8933 1.0000  0.9979  0.5274
op15 09155 10000  0.9813  0.9753 02593 05469  0.6513  0.9361
op16 0.3225 1.0000  0.5196  0.9006 1.0000 1.0000  0.9995  0.8924
Wells
wl 0.8069  0.6667 0.8931 03896  1.0000 1.0000  0.8637 0.9686
w2 0.0235 0.6039 0.0509 0.5152 0.4523 0.8761 0.7982 0.1860
w3 0.1056 0.8435 0.2091 0.7122  0.9585 1 0000 0.9868 0.5862
w4 0.6604  1.0000 0.8423 0.7776  0.6140 1 0000 0.9535 0.9786
w5 0.0734 05630 01352 03120 0.8346 0.8476 07764  0.3534
w6 0.3322  1.0000 0.5312 0.1085 0.5304 10000 0.3962 0.5217
w7 02094 0.1791  0.1769 09209 0.8825 0.2059  0.6522  0.3631
w8 0.6008  1.0000 0.7967 0.5171 0.8116 10000 0.9240 0.9598
w9 0.9201 0.2216  0.6457  1.0000  1.0000 NA 1.0000  0.8938
w10 0.7952 0.4064  0.7656  1.0000 0.6953 10000  0.9847  0.9716
wil 0.7607 05192  0.8103  1.0000 06120  NA 0.8793  0.9430
wl2 0.5928  1.0000 0.7901 0.2963  0.5519 1 0000 0.6951 0.8695
wl3 0.7621 0.5320 0.8172 0.8923 0.9072 1 0000 0.9985 0.9869
wl4 0.4959 0.4282 0.5661 0.1895 10000 0.8761 0.6268 0.7069
wl5 0.7246 1.0000 0.8862 1.0000 0.9853 0.4533 0.9049 0.9765
wl6 0.4026 0.8255 0.6002 0.6148 0.6808 NA 0.8096 0.8076
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4.4.4 Burnham et al. (1987) Test 3: Upstream Detections Do Not Affect
Downstream Survival and/or Detection

Another series of tests developed by Burnham et al. (1987) tests whether upstream detection
histories affect downstream detection or survivast 3.R3 tests whether detection above McNary

affects detection histories at John Day or Bonneville da®sT@able4.4.31). Test 3.R4 tests

whether detections above John Day affect detection histories at BonnevilleT2am3.m3 is a
refinement of Tests 3.R3, in that the detections below McNary are changed from yes/no detections
downstream to more detailedktection histories.Only one of the 32 overall Test 3 results
(3.125%) wer e si gestsdand3acantbe farther €omiineddfor &nCoverall test

of significance ¢ee4.4.31). None of the combinele st s 2 and 3 wer® signi
Again, this rate of rejection is consistent with model assumption compli@eils of the 3.1,

3.2, and 3.m3 tests can be found in Apperilix

4.4.5 Modeling the Paired Releases

Allmodeltestingverec onduct ed at a s i g Resitdottremodel seleetione| o f
procedures for each of the 16 paired Okanogan/Methv@Ns tailrace releases are summarized in
Table4.5-1. In 13 of the 16 paired releases, model parameters were homogeneous beginning with
the capture probabilities at Rocky Reach Dam (i.e., Mode] the most parsimonious model).

The 3 remaining replicate releases were homogeneous below Rocky Reach, , McNahy Day

dams, which allowed detection rates at Rocky Reach to vary between the treatment and control
release groups (Appends).

4.5 Wells Project Survival Estimates

The model selection process provided the separate estimates of stinaral S for each
release location to Rocky Reach Dam within a paired release (TalEel)l. The ratio of these
separate estimates (Eg. 1) provides the estimates of Wells Project stixivaib(m the mouths
of theOkanogan/Methowivers to Wells Dam tailracél &ble 4.51) and were stable throughout
theSVS(Figure 4.51). The weighted average for survival (Eq. 4) from the 282@was"Y =
0.9517 8 % 0.0142).

The historicalluvenile Project Survivastimates were 0.993 (% 0.015), 0.9433 % 0.016),
0.946 B8 % 0.015), and 0.9648(% 0.013) for years 1998, 1999, 2000, and 2010, respectively.
The historical arithmetic average was 0.9625Z-test of the difference between the thyear
historical average (1998000) and the 2020 survivestimate was not significantly different
P@s mdpuv1tm oy &Z-test of the difference between ttoeir-yearhistorical average
(1998 2010) and the 2020 survival estimate was not significantly differfgdg 1@ Y o v

T8 w17).d he new fiveyear averagestimate of Wellguvenile ProjecBurvival is Y = 0.9604

(3 9% 0.0098).
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Table44.51. Estimates of survivaland detectionat Rocky Reach, McNary, and John Day damsand the joint probability
of survival from John Day to Bonnev,fdrthebesafihpaired-e i n g
release models selected by stepwifiting procedures for the 2020 WellsSVS.

Population Survival Detection Product of Capture/ Survival

to Rocky Reach RR-->McNary  McN --> John Day Rocky Reach McNary John Day Below John Day
ot oL gg:ggggg 11226 (0.3241)  1.0721 (0.4597) 0.4246 (0.0201) 0.0223(0.0069)  0.0295 (0.0097) 0.0497 (0.0162)
oz 20 8:8222; 0.7700 (0.1703)  0.8836 (0.2643) 0.4073 (0.0190) 0.0334 (0.0077)  0.0587 (0.0127) 0.0901 (0.0192)
B DEREN 0N oosenm QRO SN ooome o omen
3&4 g:géég gg:gjﬁg 05709 (0.1174)  1.5533 (0.5000) 0.4016 (0.0196) 0.0377 (0.0083)  0.0403 (0.0106) 0.0707 (0.0182)
o dEmeoms seweom owsews  owecom) SO onnoom  oussom
3\'/066 8:;2‘5‘2 gg:gg;gg 1.1084 (0.3193)  0.7124(0.2622) 0.4097 (0.0195)  0.0208 (0.0062)  0.0460 (0.0112) 0.0833 (0.0199)
o’ 8:;2;2 gg:giggg 0.8020 (0.2161)  1.23366 (0.4694) 0.4153 (0.0201)  0.0275 (0.0076)  0.0366 (0.0104) 0.0619 (0.0173)
ons ooros Eg:gjgf& 0.7954 (0.2277)  0.6076 (0.2094) 0.3893 (0.202)  0.0221 (0.0066) 0.0619 (0.0131) 0.1214 (0.0248)
on o) gg:gggég 1.1068 (0.3559)  0.4616 (0.1730) 0.3534 (0.0191) 0.0171 (0.0056) 0.0563 (0.0119) 0.1200 (0.0246)
op 81?33(3(?690337733) 0.8209 (0.1856)  0.9878 (0.3129) 0.4064 (0.0190) 0.0306 (0.0073)  0.0435 (0.0103) 0.0919 (0.0212)
Ty R 8:8223; 15553 (0.5702)  0.4711 (0.2036) 0.3969 (0.0194) 0.0132 (0.0050)  0.0434 (0.0106) 0.0909(0.0217)
. R 8:8?833 1.0939 (0.3143)  0.5283 (0.1789) 0.4005 (0.0192)  0.0199 (0.0059)  0.0615 (0.0122) 0.1290 (0.0246)
opts R Eg:gﬁg 0.5974 (0.1430)  1.6514 (0.6283) 0.3704 (0.0201) 0.0299 (0.0076)  0.0271 (0.0085) 0.0704 (0.0215)
opla  083% Eg:gjgg 0.6904 (0.1713)  0.8158 (0.2528) 0.3565 (0.0193) 0.0262 (0.0068) 0.0559 (0.0118) 0.1173 (0.0239)
?’5’1155 8:;82; Eg:gji‘z‘g 05411 (0.1137)  1.1467 (0.3268) 0.3584(0.0191)  0.0345 (0.0078) 0.0545 (0.0116) 0.1141 (0.0234)
‘\’,5’1166 8:;8‘21(2) 8:82"% 1.4175 (0.5552)  0.4043 (0.1736) %gég 882‘7‘3; 0.0129 (0.0052)  0.0767 (0.0150) 0.1371 (0.0260)
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Table 4.51. Replicate estimates of 2020 Wellduvenile Roject Survival -||T from
pooled Okanogan/Methow releases to Wells Dam tailrace, based on the
best parsimonious model selected for each pairedlease using the
stepwisefitting procedure. Weighted average and standard error based
on Equations (3 5).

Release Groups Y
opl/iwl 0.9808 (0.0661)
op2/w2 1.0226 (0.0676)
op3/w3 0.8521 (0.0773)
op4iw4 0.9484 (0.0652)
op5/w5 1.1164 (0.1060)
op6/w6 0.9284 (0.0624)
op7/w7 0.9453 (0.0648)
op8/w8 0.9735 (0.0710)
op9/w9 0.9660 (0.0731)

op10/w10 1.0044(0.0663)
opll/wll 0.9060 (0.0626)
opl2/wl2 0.9153 (0.0620)
opl3/wl3 0.9801 (0.0750)
opl4/wl4d 0.9304 (0.0707)
op15/w15 0.8804 (0.0662)
opl6/wl6 0.8734 (0.0726)
Weighted Average 0.9517 (0.0142)
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Figure 4.5.1. Replicate estimates of Wells Project survival based on modeled paired
release estimates, 2020Vertical lines represent 95% confidence
intervals. The dashedblue line is the weighted average survival across
replicates, with a 95% confidence interval shaed blue.
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5.0 DISCUSSION

51 Fish Collection, Tagging, and Holding

In total, 109,617yearling Chinook salmon were collected and tagged for use iBW& The
collection and tagging of fish several months ptmmreleaseand then placement of an entire
replicae of fish into one holding vessel prior &gsignment to release sif@®vedto be a very
beneficialmethod for reducing stressTogether, these methodBminated tag shedduring the
study releasesnd anypotentialtaggingand taggerelatedeffectson the survival estimatesThe

use of separate raceways for each of thaeplicate release groups was labor intensive but
provided nearly identical preeleasghysical and physiologicabonditions for allSVSfish.

5.2 PIT-Tag Interrogation, Transportation, and Release

To isolateprojectsurvival fromunavoidabléandling effectsyarious grformance standards were
established to ensure consistency within and between replicate release groups. Performance
standardsised in the currel@VSincludedrandomizing the assignment of fish to release locations,
standardizingoading and unloading times and techniquasd monitoringtravel times road
conditions and water quality parameters. Reaé monitoring and adjustment was used to ensure
theachievement operformance standards.

The results of th&VSprove the efficacy ahestandardestablished to ensure consistency within
and between release groupBransportation, loading, and travel conditions (water temperature,
travel time,DO concertrations, and final fish condition) were closely matched between the
treatment@andcontrolrelease pairings The use of specially designed release containers, onboard
oxygen supply systems, anelativelyshort distances to release sitesnbinedo ensue that fish
condition, upon arrival, was comparable for 48 release groups. No changes to the loading,
transportationor releasg@roceduresrerecommendetbr futurePIT-tagsurvival studies utilizing
hatchery fish released at tBd&anogan, Methoyand tailrace release sites.

5.3 Pathology, Physiology, and Morphology Monitoring

Variability within replicate release pairs (e.g., fish health, smolt condition, and stress levels) has
the potential to bias estimates of survival throtighWells Project. For examplésh-health or
fish-handling differences between treatment and cofigbliwithin a replicate paicouldreduce
survival of whichever release had poorer health or handling, thédielng project survival
estimates.Measurig physiological parameteadlows for the identification of such biases

Variability in fish health, condition, and fish handlingtweerreplicate releasegoesnotresult in
biased estimates of survival through the dam but could complicate the etaépr of the
resultantsinglerelease recaptursurvival estimates. For example, differences in fish health
between replicate pairs mighask potential survival differences associated witer operation.
Without measuring the physiological differescbetween replicate release groups, one could
improperly conclude that river operations resulted in the obseeregbnal trends in figurvival
when, in fact, fish health and physiology might be the overriding survival variable.
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To address concerns agtd to the variabilityn estimated survivalithin and between release
pairs,we conductedtatistical comparisons of fish physiology and morpholoBgsed upon the

fish condition and physiology parameters sampled, identified no biologically signifiant
differencescapable ofsubstantiallybiasng replicate estimates of survival through the Wells
Project. Seasoal trends that might affect the interpretation of$hegle releaseecapture srvival
estimate from release to downstream capture locait@hsded a graduadnd moderate increase

in fish sizeas theSVSprogresed butboth treatment and control releases manifested that seasonal
trend

Differences in physiological condition at releasgegus some pausd?lasma cortisol and glucose
values did not differ in the 2010 SVS.wo major differences occurred in our approach in 2020
when compared to the 20BYS. First, in order to better match up Okanogan and Methow fish
we movedup the 17:00release timing at the mouth of the Okanoga2010by three hours to
14:00 in 2020. While the change improvedownstreammixing between treatment and control
groups it only allowed for fish loaded in the hatchery to recoverelease containefsr oneto

two hoursprior to Okanogarrelease Monk et al (991) showed that Chinoglasma cortisol
valuestook six hoursto return to baseline levelsllowing a handling stressoAs suchDouglas
PUD staffsuspect that the observed differences in stress hornsonhsaglucose and cortisol
resultfrom our change in release timing that would not altowe for sufficientrecovery from
tank loadingprior tothe Okanogamelease Further, we used a fish punip load tanks this year
and a different crowding approach rather than a ge®c and net combination.Finally,
Okanogan, Methow ant@ilrace fish were all fasted 24 hours before loading and since they spent
unequal time in release containers beforeasdeit may be that some amount of cortisol and
glucose differences were manifested simply because the length of time from eating differssl.
changes likely influenced our significant differences in stress indicators.

We cannot explicitly state thefiuence that differing glucose and cortisol concentrations had on
our survival estimates.However, if a bias existed we suspect that our survival estimate was
conservative since increased stress in fish is known to cause disease and increaseimitstelity
relative to populations with lower cortisol concentratiq@shreck 1982) Said differently
treatment fish had higher stress loads on average when compared to canttofshis led to
higher mortality rates than controls our survival estimatimuld under represent true survival.
This would be of particular concern in chronically stressed fish (Pickering ,1&%8)ince our
loading experience waan acutestressorwe have reasonable certainty that the bias, if present,
was relatively minor. Neverthelessour observed difference in cortisol between treatment and
control fish of nearly 20% wasndesirable and could have easily under represented true survival.

Hematocrit valueg our SVSfish were onlya few percentagpointshigher tharresting Atlantic
Salmon Salmo Salay, having averages of 524 and 54.6% for treatment and control fish
respectivelyand compared at 4449% (Sandnes and Waagbo 200B)ologically, these results

were lkely less important than stresssponse charaatstics described abovelaken together

we recommenddjusting the release times to maintain time intervals between respective releases
butallowing the Okanogafish more recovery time in the hatchery before release in order to allow
the fish to recovefrom the stressful loading experience.
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54 Estimation of Survival through the Wells Project

The 2020SVS conducted 16 replicate releaszapture studies between Apti8" andMay 14",

2020 to estimatesurvival through the Wells ProjectThe releasesrom the mouths of the
Okanogan and Methow rivers and the Wells tailrace showed good downstream mixing (Appendix
A). Burnham et al. (1987) tests of goodnesdit to the releas@ecapture model identified good
compliance with model assumptionall 32 combined tests of assumptions 2 + 3 were found non
significant £ > 0.10). As a result, estimates of project passage suraneatobust Furthermore,

the replicate estimates of reach survival show no evidence of a seasonateegfigure 3.41).

Herce, the mean estimate of project passage sungivapresentative of the montbng study

During the 2@0 SVS yearling Chinook salmon smolts were released at the maiitithe
Okanogan and Methow rivers and compared with cogralipsof fish releasednto the tailrace
of Wells Dam. The weighted average estimatsw¥ival for thel6 replicate pairof yearling

Chinook salmon was 9517 Precisiorobserved during th8VSwas Y T8t p Tagdwell
within thestandard error < 0.028quirements ofte Wells HCP

The results of the 2D SVS confirmed that the Wells Project continues to achieve a high rate of
survival and remains in compliance with th¥ells HCPJuvenile Project @vival standardor

yearling Chinook and Coho salmon and steelhéaderage flow in 2020 during th8VS period

(April through July) ranked 120f the last 26 years (199920). There also was no significant
difference P = 0.4943) between the estimate of survival generated in 2020 and the average
survival estimate®sf the prior four studies, 1992000,2010 (See Skalski and Bickford 2014)
indicating that there does not appear to be a strong relationship between flow at Wells Dam and
survival

The new fiveyear estimate oduvenile Project @vival was calculateds™  1@o @ YO

8t 1T w.YThe resultant new NNI hatchery compensation goal is 3.96 percent, -pedcht
increase over the 3percent current NNI hatchery compensation goal in place since the 2010
SVS and applies to all Plan Species in Phase Il (&teh Achieved), including steelhead, and
yearling Chinook an€oha.
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5.5 Delayed Effects

The absalte survival through the Wellgélect was estimated & 1@ouv p YO ™I p 1T ¢

in 2020. To examine for delayed effects dostreamto Bonneville Dam, the Ricker relative
survival estimate (Ricker 1958: 128) was calculated based on detections at Bonneville and
beyond. TheRicker estimate of the effect of Wells passage on the survival of yearling Chinook
salmon down to Bonneville Dars estimateds

CXCP CWQ Y TdTLp Y
vguouwcgxyYem@ruuu

T o o YO T8¢ 1 ¢

This estimate is not significantly lower (P > 0.2606) than the immediate survival estimate based
on the reach survival estimates to Rocky Reach Didemnce, no significant evidencoé delayed
effects of Wells passage on yearling Chinook salmon as far downriver as Bonneville Dam.
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Appendix A

Tagging, Loading, Transportation, and ReleaseData for the 2020 Chinook
Survival Study at the Wells Dam
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Tank (a.k.a.ReleaseContainer) Fish Loading Schedule

(M=Methow, O = Okanogan, C = Control [tailrace])

REPLICATE

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
Tank 1 M M 0] M C C O O O C C C C M C M
Tank 2 (6] (0] C (0] (0] M C C C (0] (6] C M C M (0]
Tank 3 C C M C M (@) M C C M M M C O O C
Tank 4 C C C C C C C M M C C (6] (0] C C Cc
Tank 5 O C C C o M C M C M M C M C C O
Tank 6 C C (0] C C C C (0] M (0] C M C C C Cc
Tank 7 M 0] C (@) C C M C C C O C C O O M
Tank 8 C M M M M (6] (0] C (0] C C (0] (0] M M C
Tank 9 M C C M M M C C M M M C C M C M
Tank 10 C C C C C M C M M C C M M C M C
Tank 11 C M M M C C M M C C M C M C C C
Tank 12 M M M C M C M C C M C M C M M M
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