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EXECUTIVE SUMMARY  

In the spring of 2020, the Public Utility District No. 1 of Douglas County (Douglas PUD) 

conducted the Wells Habitat Conservation Plan (HCP) required 10-year Survival Verification 

Study (SVS) at the Wells Hydroelectric Project (Wells Project).  The Wells HCP Coordinating 

Committee selected yearling summer Chinook for the 2020 study to represent spring-migrating 

Plan Species currently in Phase III (Standard Achieved). 

 

The primary goal of the study was to precisely estimate the Juvenile Project Survival of passive 

integrated transponder (PIT)-tagged yearling Chinook migrating through the Wells Project.  Fish 

were released at three locations: above Wells Dam at the mouths of the Okanogan (Rkm 870) and 

Methow (Rkm 843) rivers, and below Wells Dam into the tailrace (Rkm 829.6).  Chinook released 

at the mouths of the Okanogan and Methow rivers were pooled into one ñtreatmentò release group 

for statistical analyses, with release numbers mimicking the proportional contribution of the two 

rivers to the overall spring smolt migration passing through the Wells Project. 

 

A total of 105,332 PIT-tagged Chinook were released during this study.  Fish were released during 

the months of April and May with release timing closely matching the run of spring migrating Plan 

Species through the Wells Project.  Fish were released during sixteen replicate releases at each of 

the three specified release locations for a total of 48 releases.  Each replicate release group at each 

of the three release sites was provided nearly identical rearing, collection, tagging, recovery, 

interrogations, and transportation exposures, to prevent unnecessary covariates in experimental 

methods and analyses. 

 

Passive interrogation of study fish occurred at the PIT-tag detection systems installed at Rocky 

Reach, McNary, John Day and Bonneville dams.  Additional study fish were detected below 

Bonneville Dam by the National Oceanic and Atmospheric Administration (NOAA) PIT-tag 

barge.  Fish detected at the barge were pooled with detections at Bonneville Dam for statistical 

purposes. 

 

Measures of fish condition, fish health, smolt readiness, and indices of acute and chronic stress 

were collected from 10 fish from within each of the 32 treatment release groups (320 fish sampled) 

above Wells Dam, and 20 fish from below Wells Dam tailrace control group releases (160 

additional fish) to equalize data between treatment and control groups.  The collection of these 

samples was conducted to facilitate the interpretation of post-release behavior and survival within 

and between release groups.  The results from physiological quantification indicated that there 

were some differences in between treatment and control fish but whether these differences led to 

biologically relevant performance differences is 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 pre-release stressors have a negative impact on post-release 

survival, then the 2020 estimates 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 attributed observed differences to the fasting regime of these groups and differences 

in the time between loading and releasing of treatment and control fish.  If these stressors 

influenced performance, we suspect it negatively biased our survival estimate since treatment fish 

incurred more stress immediately prior to release. 
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Mixing plots show that treatment and control fish arrived at Rocky Reach Dam at similar times 

indicating that treatment and control fish were well mixed in the Wells Dam tailrace and Rocky 

Reach Reservoir.  Likewise, Okanogan and Methow treatment group fish were well mixed arriving 

at Rocky Reach at similar times during the days that followed each release.  Detection probabilities 

were in the 30-40% range at Rocky Reach for each replicate and were dramatically lower at federal 

projects, especially McNary and John Day dams.  McNary Dam had detection probabilities of 

1-5% depending on release group which in the case of McNary was approximately 25% of 2010 

detection rates.  We suspect this observed detection and the dramatic drop in capture probabilities 

at McNary is directly related to the increase in spill at this project in 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 Ὓ  = 0.9517 (3% = 0.0142).  The 

historical juvenile project survival estimates were 0.997 (3% = 0.015), 0.943 (3% = 0.016), 0.946 

(3% = 0.015), and 0.964 (3% = 0.013) for years 1998, 1999, 2000, and 2010, respectively.  The 

historical arithmetic average was 0.9625.  A Z-test of the difference between the historical average 

(1998ï2000, 2010) and the 2020 survival estimate was not significantly different (P(ȿὤȿ

πȢφψσυπȢτωτσ).  The new five-year average estimate of Wells Project passage survival is  Ὓ  

= 0.9604 (3%=0.0098). 

 

The results of the 2020 study confirmed that the Wells Project continues to achieve a high rate of 

survival.  The 5-year average estimate of survival used to determine the No Net Impact (NNI) 

hatchery compensation levels has moderated as a result of this study.  The resultant new NNI 

hatchery compensation goal is 3.96-percent, a 0.26-percent increase over the current 3.7-percent 

NNI hatchery compensation goal in place since the 2010 SVS, and applies to all Plan Species in 

Phase III (Standard Achieved), including yearling steelhead, Chinook and Coho. 
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Survival Study Summary 

Year:  2020 Start Date:  13 April  Stop Date:  14 May 

Study Site:  Wells Project 

Objective of Study:  Estimate project survival 

Stated Hypothesis:  The survival of yearling Chinook passing through the Wells Project in 2020 

exceeds the 93% Juvenile Project Survival Standards described in section 4.1.2 of the Wells HCP 

and is similar to the estimates of survival from prior studies 1998-2010.  

Study Subject :  Yearling Chinook salmon smolts 

 Source:  Wells Fish Hatchery 

Fish Size (median & range) 

Weight: Median ï 31.5 g, range ï 11.1-86.0 g 

Length: Median ï 160.0 mm, range ï 119.0-208.0 mm 

Tag Type/Model:  12.5-mm, 134.2-kHz ISO APT12 PIT-tag 

Weight (g):  0.1020 g 

Implant Procedure:  pre-loaded, single-use, 13-gauge hypodermic needles (BIO12.BPLT) fitted onto 

injection devices (MK-10).  Fish were tagged 3 months prior to release. 

Survival estimate for yearling Chinook salmon smolts released from the Okanogan, Methow, and 

Wells tailrace release locations, respectively. 

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

Value & SE: 0.9517  (SE= 0.0142) 

Sample Size/Replicate:  å 1100, 2200, and 3300/replicate (Okanogan, Methow, and Wells 

tailrace, respectively) 

Number of Replicates: 16 replicates 

Analytical Model:  Paired release-recapture model 

Hypothesis Test and Results:  Accepted the Hypothesis ï Survival during the 2020 study exceeded 

the 93% Juvenile Project Survival Standard and there was no statistically significant difference in 

survival between the 2020 estimate and survival documented at the Wells Project during studies in 

1998, 1999, 2000, and 2010. 

Characteristics of Estimate 

Study Effects Reflected (direct, total, etc):  Total Project Survival 

Absolute, Relative or Index Survival:  Absolute 

Environmental/Operating Conditions at Wells Dam 

Discharge: median: 119.2 kcfs (thousand cubic feet per second), range: 69.0 ï 190.0 kcfs 

Temperature: median: 7.5oC, range: 6.3 ï 10.0oC 

TDG: median: 106.6 % , range: 105.2 ï 111.5 % 

 

Unique Study Characteristics:  Two upstream release locations, Okanogan and Methow, pooled for 

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 Wells Hydroelectric Project (Wells Project) has No Net Impact (NNI) on juvenile 

and adult salmon and steelhead migrating through the Wells Project.  The HCP defines five 

species/stocks of anadromous fish as Plan Species, including spring and summer/fall Chinook 

(Oncorhynchus tshawytscha), Sockeye (O. nerka), steelhead (O. mykiss) and Coho (O. kisutch).  

As part of measuring the achievement and maintenance of NNI, the Wells HCP requires the Public 

Utility District No. 1 of Douglas County (Douglas PUD) to conduct studies of juvenile salmon 

survival at the Wells Project.  The Wells HCP Coordinating, Hatchery, and Tributary committees 

use the results of these studies to guide various Douglas PUD funded passage and mitigation 

programs. 

 

The HCP includes a Passage Survival Plan structured as a phased implementation plan.  Phase I 

(1998 through 2002) of the HCP Passage Survival Plan required the implementation of juvenile 

and adult operating plans and criteria toward meeting the various survival standards set forth in 

the HCP.  During Phase I, Douglas PUD conducted three years of valid Juvenile Project Survival1 

studies with steelhead and yearling Chinook salmon.  Results from these studies consistently 

exceeded the 93% Juvenile Project Survival standard and the precision and accuracy requirements 

of the HCP (Bickford et al. 1999, 2000, 2001).  The average Juvenile Project Survival for yearling 

Chinook and steelhead over the three years of study was 96.2%.  The results from the Phase I 

Juvenile Project Survival studies, coupled with the results from adult passage studies, provided the 

necessary information for the Wells HCP Coordinating Committee (CC) to determine that the 

Wells Project could proceed to Phase III (Standard Achieved) for yearling Chinook and steelhead 

(Anchor and Douglas PUD 2008). 

 

The Wells HCP Passage Survival Plan indicates that following achievement of Phase III (Standard 

Achieved), periodic monitoring is required to ensure that the survival of Plan Species remains in 

compliance throughout the term of the Agreement.  Therefore, Douglas PUD must ñreevaluate 

performance under the applicable standards every 10 years,ò by conducting a one-year survival-

verification study of Juvenile Project Survival for spring-migrating Plan Species.  The results from 

each one-year survival verification study will be included in the pertinent multiyear survival 

average for spring migrating Plan Species.  If the study successfully verifies continued 

achievement of the survival standard, Douglas PUD will remain in Phase III (Standard Achieved).  

Otherwise, additional testing will occur, followed by Phase II (Interim or Additional Tools) if the 

standard cannot be achieved within three years of reevaluation (HCP section 4.2). 

 

Ten years following the completion of Phase I the survival studies in 1998, 1999, and 2000 resulted 

in the Phase III (Standard Achieved) designation for yearling Chinook and steelhead, Douglas 

PUD performed the 2010 Survival Verification Study (SVS) verifying continued compliance with 

                                                           
1 The Wells HCP defines ñJuvenile Project Survivalò as the measurement of survival for juvenile Plan Species over 

95% of each species migrating from tributary mouths and through the Projectôs reservoir, Forebay, Dam and Tailrace 

including direct, indirect and delayed mortality, wherever it may occur and can be measured (as it relates to the Project) 

given the available mark-recapture technology. 
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the Phase III (Standard Achieved) designation.  During the 2010 SVS, Douglas PUD released 

approximately 77,000 yearling summer Chinook to re-assess the performance of the Wells Project.  

Results indicated that Juvenile Project Survival was above the average of the first three years of 

survival studies but statistically similar to that average.  The survival estimate from 2010 increased 

the four-year estimated average by 0.1% to 96.3%.  Douglas PUD conducted the 2020 SVS to 

serve as the second reevaluation of Juvenile Project Survival for Plan Species currently designated 

as in Phase III (Standard Achieved).  With the HCP CCôs addition in 2015 (Anchor Environmental 

and Douglas PUD, 2015) of Methow River Coho to the Plan Species designated as in Phase III 

(Standard Achieved), Douglas PUDôs 2020 SVS was intended to verify continued achievement of 

the Juvenile Project Survival Standard for spring-migrating yearling Coho, steelhead, and 

Chinook.  

 

2.0 STUDY AREA 

The Wells Project is located at river km (Rkm) 830 on the upper Columbia River (Figure-1).  Wells 

Dam, the principal component of the Wells Project, includes ten Kaplan-turbine generating units, 

with an installed nameplate capacity of 774.3 megawatt (MW) and a maximum generating capacity 

of 840 MW.  The Wells Project is a run-of-river generating station and has an average annual net 

generation of 4,277,901 megawatt 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 of 795 feet above 

mean sea level (MSL). 

 

The Wells juvenile fish bypass system (JBS) is located in the spillways at Wells Dam.  The JBS is 

designed to bypass fish away from the turbines via a highly effective surface collection system.  

The Wells JBS provides a safe, non-turbine passage route through the dam for over 92% of the 

spring and 96% of the summer migrants (Johnson et al. 1992; Skalski et al. 1996).  Wells Dam is 

the uppermost generating project on the Columbia River through which anadromous Chinook, 

steelhead, Sockeye, and Coho migrate on their way to and from the Pacific Ocean.  Adult fish pass 

via two fish ladders located at either end of the hydrocombine. 

 

Lake Pateros is the formal name of the reservoir formed by Wells Dam.  The Methow River enters 

Lake Pateros at Rkm 843, and produces the majority of the yearling Chinook and steelhead, and 

nearly all Coho upstream of Wells Dam.  Both natural and hatchery produced steelhead, spring 

and summer Chinook, and Coho originate from this system.  The Okanogan River enters Lake 

Pateros at Rkm 870.  Most of the yearling steelhead and Chinook salmon smolts migrating out of 

the Okanogan River are hatchery fish planted into this system as mitigation for impacts associated 

with the construction and operation of various Columbia River dams.   
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Figure 2.0-1 Map of the Columbia River Hydroelectric System.  (Source:  EPA 

undated). 
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3.0 METHODS AND MATERIAL S 

3.1 Study Objectives 

The primary goal of the SVS was to verify that survival through the Wells Project for yearling 

Chinook (a surrogate for spring migrating plan species) salmon remains equal to or above the 93% 

(Ὓ πȢωσ) Juvenile Project Survival standard combined with a standard error of ὛὉὛ

πȢπςυ as required in the HCP.  Toward supporting the primary goal of the study, we also designed 

the SVS to test the assumptions of the Single (SR) and Paired-Single (PSR) release-recapture 

models, and estimate capture and reach-specific survival probabilities through the Columbia River.   

 

3.2 Study Fish 

The Wells HCP CC selected yearling summer/fall Chinook produced at the Wells Fish Hatchery 

(Wells Hatchery) to be the study fish for the 2020 SVS.  To conduct this study of fish released in 

the spring of 2020, Douglas PUD used yearling Chinook produced from adults spawned in October 

2018.  Therefore, fish used for this study incubated and reared for 13 months prior to tagging and 

reared on station an additional five to six months after tagging and prior to release. 

 

3.3 Fish Collection, Holding, and Tagging Procedures 

Between November 12th, 2019 and November 17th, 2019, Biomark, Inc. (Biomark), passive 

integrated transponder (PIT)-tagged 109,617 yearling Chinook salmon collected from raceways at 

the Wells Hatchery, according to criteria described in Prentice et al. (1987).  On each of the six 

tagging days, small groups of untagged Chinook, held in one of the pre-tagging raceways, were 

crowded into a pint-sized-pescalator (PRA Manufacturing, Nanaimo, British Columbia, Canada).  

The pescalator comprised an Archimedes screw enclosed within a 30-cm diameter fiberglass pipe.  

As the Archimedes screw rotated, it captured and transported water and fish up and out of the 

raceway.  At the top of the pescalator, fish and water flowed into a 10-cm transport pipe.  The 

transport pipe delivered the fish into Biomarkôs tagging trailer where the fish were held until 

anesthetized using a solution of water and Methanosulfonate-222 (MS-222). 

 

Once anesthetized, the tagging crew removed diseased and mortally wounded Chinook salmon 

smolts from the study group.  The crew tagged remaining healthy Chinook with 12.5-mm, 134.2-

kHz ISO PIT tags using pre-loaded, single-use, 13-gauge hypodermic needles (BIO12.BPLT) 

fitted onto injection devices (MK-10).  All fish were tagged with a single-use needle to reduce the 

chance of disease transmission, injuries caused by dull needles, and the number of personnel 

required on the project.  Pre-loaded needles were loaded into trays containing 100 tags each to 

increase efficiency. 

 

Immediately following tagging, fish were randomly assigned to one of 15 replicate release groups 

(hereafter ñreplicateò) and held them in common with the rest of the fish assigned to that replicate.  

In addition to the tag code, date of tag implantation, tag personnel identification code, fork length, 

fish condition, water temperature, and release-group assignment were recorded and stored using 

PITTAG3 software.  Biomark uploaded data files for each tag group to the PTAGIS database 

maintained by the Pacific States Marine Fisheries Commission (PSMFC), and revised those data 



2020 Wells Survival Verification Study 

Page 8 Wells Project No. 2149 

files following each release to account for pre-release mortalities and fish euthanized for 

physiological sampling. 

 

A 10-cm diameter pipe supplied with ambient water conveyed the tagged fish from the tagging 

trailer into one of the 15 replicate rearing raceways.  Tagged fish were reared at Wells Hatchery 

from five to nearly six additional months (depending upon replicate) prior to release in April or 

May 2020.  During that rearing period, the Wells Hatchery rearing raceways each contained a 

minimum of 35,000 L of single-pass river water.  All of the rearing raceways received a continuous 

supply of gravity-fed Columbia River water controlled by the Wells Hatchery water distribution 

system. 

 

3.4 PIT-Tag Interrogation, Transportation, and Release 

Starting on April 13th, 2020 and continuing every other day through May 14th, 2020, 16 replicate 

release groups2 of Chinook were re-collected from the rearing raceways using a fish pump, and 

conveyed via 10-cm transport pipe to release containers randomly assigned to one of the three 

release sites (Okanogan, Methow, or tailrace) (Figure 3.4-1).  Multiple antennas on the transport 

pipe interrogated fish 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 550 fish per release container.  Selected loading densities 

ensured that no release container held more than 0.02 Kg of fish per liter of water (Kg fish/L).  

During the loading and pre-release holding phases of the study, each release container was supplied 

with 80-100 L/min of Columbia River water through a 5-cm flex-hose.  Each release container 

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

(DO) levels when the containers were disconnected from river water during transport (see image 

on report title page).  Biomark closely monitored and recorded water temperatures and DO levels 

inside each release container hourly throughout the entire study to ensure that the pre-release 

recovery history of each container was similar within and between release sites and replicate 

release groups. 

 

The treatment release groups contained fish destined for release at the Okanogan and Methow 

release sites.  The control release groups contained fish destined for release into the tailrace of 

Wells Dam.  The goal of the study was to represent the migration of yearling Chinook and Coho 

salmon and steelhead passing through the Wells Project originating from these two river systems.  

In order to accomplish this goal, we released fish at each river mouth in direct proportion to the 

historic natural and hatchery production originating from that river.  Prior to the study, the HCP 

CC determined that, on average, of the combined total yearling Chinook and Coho salmon and 

steelhead smolts originating from both rivers and migrating through the Wells Project from 2009-

2018, the Methow River produced approximately 67% and the Okanogan River produced the 

remaining approximately 33%.  The tributary ratios selected by the HCP CC for the 2020 SVS 

differed somewhat from the 75% Methow-to-25% Okanogan ratio used for the 2010 SVS.  As a 

final measure towards representing the run-at-large, the HCP CC selected the release schedule to 

                                                           
2 Although tagging allowed for 15 replicates, high in-hatchery survival rates following tagging allowed for a 16th 

replicate at the end of the study.  The 16th replicate 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 recent (2013-2018) migration timing of yearling Chinook and Coho, and steelhead 

smolts passing Wells Dam.  The 2020 start date was one week earlier than the 2010 start date to 

reflect the interest of the HCP CC for the study to encompass the relatively early emigration timing 

observed for wild Methow-origin spring Chinook smolts. 

 

Because of the requirement for the Okanogan, Methow, and tailrace release groups to comingle 

and experience similar downstream survival and river conditions, the Okanogan River releases 

occurred at 1400 hours on odd days starting on April  13th and ending on May 13th.  Methow and 

tailrace releases occurred at 1000 hours and 1400 hours, respectively, on even days starting on 

April 14th and ending on May 14th (Table 3.4-1).  Each replicate release took two days and 

consisted of loading all of the replicate pair release containers on odd days, followed by the 

releases on both odd and even days as described above. 

 

On each of the release days, study staff disconnected release containers from the river water supply 

lines at the Wells Hatchery, and immediately opened valves on metered, compressed oxygen tanks 

to supply diffused oxygen to the release containers.  Study staff used a forklift  to load each release 

container onto a flatbed truck, and rechecked metered oxygen once all of the release containers 

were securely strapped to the flatbed truck.  Regulated flow rates of less than 1.0 L/minute of 

oxygen maintained DO levels between 9 to 12 mg O2/L during transport.  To compensate for 

differences in travel distances between the Okanogan, Methow, and 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 excursions were used to try and equalize total 

travel times, DO, and stress levels for each release group. 

 

At the barge loading stations, a boom truck (Methow and Okanogan) or crane (tailrace) hoisted 

release containers from the transport truck onto barges for final release.  The boom or crane 

operators set each release container on rubber ñhorse-stallò mats to minimize vibration, and with 

the eccentric-reducers (release port) extending beyond the side of the barge to facilitate release of 

the fish directly to the river (rather than through a hose or pipe).  Once each container was on the 

barge, the barge crew connected the container to the on-barge river-water supply system and used 

the valve to modulate flow of river water.  After connecting each container to the river-water 

source, the crew turned off supplemental oxygen, and monitored and recorded DO and water 

temperatures for each container periodically prior to fish release.  River-water flow through each 

container on the barge was estimated at 60-80 L/minute. 

 

At both the Okanogan and Methow release sites, once the first release container was loaded onto 

the barge, 10 PIT-tagged fish were randomly netted out of a randomly assigned release container.  

These fish were then screened for various morphological and physiological parameters.  Once the 

barges were loaded, a towboat towed the barges to the release sites (Figure 3.4-1), and maintained 

a position either upstream from (Okanogan and Methow) or across current from (tailrace) the barge 

during the fish-release process to avoid motoring through the released fish.  At the Methow and 

tailrace release sites the barge circled for an appropriate time prior to release in order to standardize 

on-barge time (the Okanogan site had the longest barge-tow period and was used as a standard 

ñon-bargeò time).  Immediately prior to release, barge crews recorded water temperatures and DO 

levels from each release container and from the river.  They also recorded qualitative fish-activity 

levels, and removed injured or moribund fish.  Following the pre-release inspection, the barge 
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crew released the fish from each release container by removing the cap from the 20 x 15 cm 

eccentric reducer, through which the water and fish drained to the river in approximately 30 

seconds.  Water-to-water transfers of fish were utilized throughout the entire study.  In general, 

study fish were released within two hours following the disconnection of the river-water lines.  

 

After release from each release container, barge crews examined the release site for dead or 

moribund fish, and inspected the release container for shed tags.  Biomark staff submitted release 

files to the PSMFC PTAGIS database within 24-48 hours after each release, allowing time for 

removal of any release container mortalities, physiology-sample fish, or for changes to the release 

group information. 

 

Figure 3.4-1 Release locations used for the 2020 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 2020 Survival Verification Study Release Schedule (April 13th to May 14th).  

Activity  

Day 1  Day 2  Day 2 

Okanogan Release  Methow Release  Tailrace Release 

Start time Duration   Start time Duration  Start time Duration 

On location ready to go 12:00 PM 0:20  8:00 AM 0:20  12:00 PM 0:20 

Load truck at hatchery 12:20 PM 0:15  8:20 AM 0:15  12:20 PM 0:15 

Transport to barge loading site 12:35 PM 0:25  8:35 AM 0:25  12:35 PM 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 1:20 PM 0:40  9:20 AM 0:40  1:20 PM 0:40 

Release fish 2:00 PM 0:10  10:00 AM 0:10  2:00 PM 0:10 

Return to barge loading site 2:35 PM 0:35  10:10 AM 0:10  2:10 PM 0:00 

Return to hatchery 3:00 PM   10:25 AM   2:15 PM  
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3.5 Pathology, Physiology, and Morphology Monitoring 

To document potential differences within and between replicate release groups, we designed the 

study to include an assessment of relative morphology, physiology and pathology.  To conduct 

this assessment, ten fish were collected from each of the treatment releases (Okanogan and 

Methow) and 20 fish from each of the control (Tailrace) releases for each replicate prior to release 

(approximately 640 fish total).  We also collected measures of morphology (length, weight), 

indices of fish health (color and texture of internal organs, fin erosion, descale) and disease 

(bacterial kidney disease, flagtail, coldwater disease, flukes, Ich), physiological status of 

smoltification (gill ATPase and smolt index), and measures of acute stress (plasma cortisol) and 

chronic stress (plasma glucose).  The information collected was used to determine whether there 

were differences in fish health, condition, smoltification, or stress within each replicate release 

pair that might bias the replicate survival estimates.  In addition, we also compared between 

replicate release groups in an attempt to document seasonal trends in fish physiology and survival.  

Additional information collected from the post-mortem examination of Chinook included 

observations of tag placement and counts of fish with missing tags, from which we generated 

estimates of PIT-tag retention.  Appendix B contains the methods that were used 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 sample means were pooled for the two treatment release groups 

(Okanogan and Methow) and then compared the pooled mean to that of the single control (tailrace) 

release group.  A two-way ANOVA was used to determine whether there were differences between 

the treatment and control release groups.  Where appropriate, either a two-sample Z-test or a Paired 

t-test were used to compare physiological and morphological sample means.  The statistical 

comparisons between the treatment and control release groups was conducted at 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 the 2020 SVS were detected at five downstream locations 

(Figure 3.6-1).  The first of these sites was located in the surface collector flow-spreader devices 

located in the JBS at Rocky Reach Dam (PTAGIS Site Code RRJ).  At Rocky Reach Dam, the 

detection of 134.2 kHz PIT-tags was made possible by the installation of a new ISO PIT-tag 

detection system prior to the 2010 SVS.  Biomark installed this system through funding provided 

by Douglas PUD and in close cooperation and coordination with the Public Utility District No. 1 

of Chelan County.  Biomark upgraded the 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 interrogation of study fish also occurred at McNary, John Day, and Bonneville dams.  The 

experimental PIT-tag trawl barge operated by the National Oceanic and Atmospheric 

Administration (NOAA), just downstream of Bonneville Dam, detected a small number of 

additional fish.  For statistical purposes, the fish detections below Bonneville dam were added to 



 

2020 Wells Survival Verification Study 

Page 13 Wells Project No. 2149 

the totals at Bonneville.  The PTAGIS database managed by the Pacific States Marine Fisheries 

Commission stores and archives all the release and recapture data available for study fish.  The 

United States Army Corps of Engineers and the Bonneville Power Administration fund the 

operation and maintenance of downstream fish passage and PIT-tag detection facilities. 

 

3.6.2 Estimates of Survival and Reach Survival Probabilities 

The 2020 Wells SVS was designed to estimate the Juvenile Project Survival for yearling spring-

migrating Chinook salmon.  The 2020 SVS is a 10-year ñcheckupò to verify whether project 

passage survival at Wells Dam has changed since compliance was achieved following the 1998-

2000 survival studies and the 2010 verification study.  The HCP performance standards remain 

the same as during previous study years; a project passage survival of W
ĔS ² 0.93 with a standard 

error of ()ĔSE S ¢0.025. 

 

All tests of model assumptions, model fitting, and parameter estimate of the release-recapture 

models were performed using the statistical freeware Program SURPH 3.5 

(http://cbr.washington.edu/analysis/apps/surph). 

 

3.6.3 Release-Recapture Design 

The release-recapture design consists of two reservoir release sites and one tailrace release site 

below Wells Dam (Figure 3.6.3-1).  The two upstream release sites were located at (1) the mouth 

of the Methow River, near the town of Pateros, Washington, and (2) the mouth of the Okanogan 

River (see Figure 3.4-1).  Proposed release numbers of yearling Chinook salmon smolts were 

35,200 and 17,600 fish at the Methow and Okanogan release sites, respectively (i.e., ratio of 2:1).  

Fish released at the two sites were pooled to represent a single fish source of 52,800 fish migrating 

through the Wells Project.  A total of 52,800 fish were released into the Wells tailrace to serve as 

the downstream control group.  The tailrace release took place approximately 1,000 ft. downstream 

of the Wells Project. 

 

The study consisted of 16 replicate releases3 scheduled to match the current timing of the yearling 

Chinook and Coho salmon, and steelhead outmigration.  On any particular replicate release 

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 provide sufficient time for 

Okanogan River fish to comingle with fish released at the other two sites. 

  

                                                           
3 While the balance between treatment and control numbers remained the same for the 16th replicate, 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 of the 3,300-fish target.  
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Figure 3.6.3-1 Schematic of release and PIT-tag detection facilities used in the 2020 

Wells SVS.  Parameters estimated from the release-recapture data are 

indicated, where S represents survival probability, p detection 

probability, and ɚ the joint probability of survival and detection in the 

last reach. 
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3.6.4 Survival Estimation 

The estimation of project passage survival was based on the paired release-recapture design and 

complete capture history protocol of Burnham et al. (1987:112ï128).  Maximum likelihood 

estimation was used to estimate the survival (S) and detection probabilities (p) in the joint 

multinomial likelihood model for the paired releases (Figure 3.6.3-1).  Survival and detection 

probabilities cannot be differentiated in the last reach; only the joint probability (i.e., ʇ Ὓ Ͻ
ὴ  and ʇ Ὓ Ͻὴ ) of surviving and being detected were estimable.  The release-recapture 

data were analyzed using Program SURPH (http://www.cbr.washington.edu/analysis/ 

apps/surph). 

 

The estimate of survival through the Wells Project Ὓ  was estimated from the results of the 

upstream and downstream releases by the expression  

  Ὓ Ā (1) 

The most efficient estimator of SW depended on the relationship between the releases (R1 and R2) 

and their downstream survival and capture probabilities.  If all downstream parameters were 

different between releases, survival would be estimated by the full model  of Burnham et al. 

(1987:117-120).  Intermediate models also exist (Burnham et al. 1987:116,120-126).  The most 

efficient estimate of Wells survival (SW) was based on the statistical model for the releases R1 and 

R2 that properly described the shared survival and detection processes.  The best representation 

for the survival and capture processes of releases Ὑ and Ὑ was found using Program SURPH. 

Sequential modeling was performed to determine the most appropriate and precise estimate of SW 

and its associated variance estimate using likelihood ratio tests. 

 

The variance of survival estimates was based on the delta method (Seber 1982:7ï9), where 

  VarὛ
Var Var

 (2) 

VarὛ Ὓ CVὛ CVὛ  (3) 

 

and where 

CV—
Var

. 

Capture histories from the Okanogan and Methow releases were pooled in estimating S11.  Capture 

histories from the tailrace release were used in estimating Ὓ .  The individual survival estimates 

(i.e., Ὓ , Ὓ ) contributing to the estimate of Juvenile Project Survival were based on multinomial 

likelihood models with 24 = 16 possible downstream capture histories (Table 3.6.4-1).  The 

detection histories from the four downstream dams were obtained from the PTAGIS database 

maintained and operated by the PSMFC.  All analyses were based on PIT-tag data downloaded 

from PTAGIS as of 12:00 p.m. on July 31st, 2020. 

f,1-kH
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Table 3.6.4-1.  The possible 24 = 16 capture histories for the multinomial models used to 

estimate survival (Si), detection probability (p), and final reach (ɚ) 
parameters for the upstream treatment release in the 2020 Wells SVS.  

The capture history sequences denote detection (1) or non-detection (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 

1 1 1 1 Ὓ ὴ Ὓ ὴ Ὓ ὴ ʇ 

0 1 1 1 Ὓ ρ ὴ Ὓ ὴ Ὓ ὴ ʇ 

1 0 1 1 Ὓ ὴ Ὓ ρ ὴ Ὓ ὴ ʇ 

0 0 1 1 Ὓ ρ ὴ Ὓ ρ ὴ Ὓ ὴ ʇ 

1 1 0 1 Ὓ ὴ Ὓ ὴ Ὓ ρ ὴ ʇ 

0 1 0 1 Ὓ ρ ὴ Ὓ ὴ Ὓ ρ ὴ ʇ 

1 0 0 1 Ὓ ὴ Ὓ ρ ὴ Ὓ ρ ὴ ʇ 

0 0 0 1 Ὓ ρ ὴ Ὓ ρ ὴ Ὓ ρ ὴ ʇ 

1 1 1 0 Ὓ ὴ Ὓ ὴ Ὓ ὴ ρ ʇ  

0 1 1 0 Ὓ ρ ὴ Ὓ ὴ Ὓ ὴ ρ ʇ  

1 0 1 0 Ὓ ὴ Ὓ ρ ὴ Ὓ ὴ ρ ʇ  

0 0 1 0 Ὓ ρ ὴ Ὓ ρ ὴ Ὓ ὴ ρ ʇ  

1 1 0 0 Ὓ ὴ Ὓ ὴ ρ Ὓ Ὓ ρ ὴ ρ ʇ  

0 1 0 0 Ὓ ρ ὴ Ὓ ὴ ρ Ὓ Ὓ ρ ὴ ρ ʇ  

1 0 0 0 Ὓ ὴ ρ Ὓ Ὓ ρ ὴ ρ Ὓ Ὓ ρ ὴ ρ ʇ  

0 0 0 0 ρ Ὓ Ὓ ρ ὴ ρ Ὓ Ὓ ρ ὴ ρ Ὓ Ὓ ρ ὴ ρ ʇ  
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A season-wide estimate of project passage survival was calculated as a weighted average of the 

n = 16 replicate estimates of survival over the season (i.e., Ὓ, i =  1, ĀĀĀ, n) (1), where 

Ὓ
В ύὛӼ

В ύ
 (4) 

where  

ύ
ρ

ὅὠὛ
ȟ  

and where the standard error is estimated by 

3%

( )
2

1

1

ĔĔ

Ĕ( )

( 1)

=

=

å õ
-æ ö
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-

ä

ä

n

i i Wells

i

Wells n

i

i

w S S

S

n w

 (5) 

and where 

#6Ὓ . 
 

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 components (i.e., #6Ὓ  and 

#6Ὓ ), Equation (3) 

 

3.6.5 Tests of Assumptions 

Assumptions of the paired release-recapture design (Burnham et al. 1987) include the following: 

 

 A1. The test fish are representative of the population of inference. 

 A2. Test conditions are representative 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 fish is 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 estimate SW, the survival S11 is assumed to be of the form: 

  Ὓ Ὓ ẗὛ , (6) 
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leading to the relationship  

   

Ὓ

Ὓ

Ὓ ẗὛ

Ὓ
Ὓ  

 

The equality (6) implies two additional assumptions for valid estimation of Wells Project 

survival.  These are: 

 

A9. Survival in the Wells Project (SW) is conditionally independent of survival in the 

Rocky Reach (S21) Project. 

A10. Releases R1 and R2 experience the same survival probability in the Rocky Reach 

Project (S21). 

 

Assumptions (A1) and (A2) regard making valid inferences from the test fish to the survival 

process of run-of-river fish.  Wells Hatchery fish were used in the survival investigations and are 

assumed to have similar survival as run-of-river fish.  Conducting the SVS over the course of the 

yearling Chinook salmon outmigration should have also helped assure test conditions are similar 

to those experienced by run-of-river fish.  Another implied assumption is the 2:1 ratio of Methow 

to Okanogan release numbers is representative of the actual proportions of these fish sources to 

the run-of-river fish. 

 

Careful fish handling and data processing should have helped assure Assumptions (A3) and (A4) 

that the release-recapture data are accurate.  Assumption (A5) was satisfied if there is no tag loss 

or the tag loss rate is equivalent for both upstream and downstream release groups.  Assumption 

(A6) was essentially for mathematically modeling the release-recapture investigation.  

Furthermore, in a system of tens of thousands 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 Okanogan and Methow upstream releases 

(Ὑǋ and Ὑǌ).  Fish from these different locations can be expected to have different survival 

probabilities because of the differences in travel distances etc.  Nevertheless, the release-

recapture model provides a weighted estimate of dam passage survival: 

   

ὛǋὙǋ ὛǌὙǌ

Ὑǋ Ὑǌ
Ὓǋὖ Ὓǌὖ  

where 

 Ὓǋ = survival of released fish from Methow through the Wells Project, 

 Ὓǌ = survival of released fish from Okanogan through the Wells Project, 

 ὖ
ǋ

ǋ ǌ  proportion of fish released from Methow, 

 ὖ
ǌ

ǋ ǌ  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 Dam.  Independent but not 

identically distributed survival probabilities, however, will affect the variance estimates 

produced by the model.  The actual variance will be smaller than that produced by the mark-

recapture model (Feller 1968: 230ï231).  Consequently, the point estimate will be unbiased (i.e., 

as long as the proportions ὖ  and ὖ  are representative of the system) and the variance 

estimate biased but conservative (i.e., too big). 

 

Assumption (A8) was evaluated using Burnham et al. (1987) tests T2 and T3.  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 PIT-tag recapture site (i.e., Rocky Reach, McNary, John Day, Bonneville), 

the assumption of mixing among the releases of smolts Ὑ and Ὑ was evaluated.  Arrival 

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 release-recapture model to be valid, certain data patterns should be evident from 

the capture histories.  For each release group, a series of tests of assumptions can be performed 

to determine the validity of the underlying model (i.e., goodness-of-fit ).  The data from a single 

release can be summarized by an m-array matrix of the form below: 

 

 Recovery Site 

Release Site Rocky Reach (2) McNary (3) John Day (4) Bonneville (5) 

Initial (1) 
    

Rocky Reach (2)     

McNary (3)     

John Day (4)     

  

The value ά  is the number of fish detected at site i that are next detected at site j . 

 

  

12m 13m
14m 15m

23m
24m 25m

34m 35m

45m
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Burnham et al. (1987: 65, 71ï74) presents a series of tests of assumptions called Test 2 that 

examine whether upstream detections affect downstream survival and/or detection.  For each of 

the Ὑ (i.e., Ὑᴂand Ὑȱ combined) and Ὑ releases, the contingency table tests of the following 

form were performed:  

 

 Test 2.2 
   

  

  
   

… (7) 

 

 Test 2.3 
  

  

  
  

… (8) 

 

Overall significance of Test 2 was based on the sum of the chi-square statistics … … …. 

Statistical tests were performed at Ŭ = 0.10. 

 

Burnham et al. (1987: 65, 74ï77) also present a series of tests of assumptions called Test 3, 

which also examine whether upstream capture histories affect downstream survival and/or 

capture.  For each of the releases Ὑ and Ὑ, contingency tables were constructed of the form: 

 

   Capture history to McNary Dam   

   01 11   

 
Capture history at John Day  

and Bonneville Dams 

 

11 …  …    

 10 …  …  … (9a) 

 01 …  …    

 00 …  …    

 

Contingency table (9a) tests whether detection at Rocky Reach has a subsequent effect on 

capture histories at John Day and Bonneville dams.  Because 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   

 
Captured downstream 

1 … … …  … … …  
… 

(9b) 

 0 …  …   

 

The values …  are the fish counts with capture history ijkl  to Bonneville Dam. 

 

13m
14m 15m

23m
24m 25m

2414 mm + 2515 mm +

34m 35m
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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 constructed of the form: 

 

     Capture History to John Day Dam   

   111 101 011 001   

 
Capture History at Bonneville 

1 …  …  …  …  
… 

(10a) 

 0 …  …  …  …   

 

Because of potential data sparseness, contingency table 10a was reduced to the following in our 

analyses: 

 

   Capture History to John Day Dam   

 Test 3.R4  no yes   

 
Captured at Bonneville Dam 

1 …  … … …  
… 

(10b) 

 0 …  … … …   

 

An additional contingency table combines Burnham Tests 3.R3 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   

 
Next detected at 

John Day … …  … …  
… 

 

 Bonneville …  …  (11) 

 

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

 …+ … + …= … 

 

3.6.8 Modeling Paired-Tag Releases 

For each pair of Okanogan/Methow and tailrace release groups used to estimate survival through 

the Wells Project, a model fitting routine was performed to identify the most appropriate and 

parsimonious likelihood model.  Two approaches to model fitting were used for each release 

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

 

The forward-step fitting routine began with all detection, survival, and last reach probabilities 

unique.  The forward sequential procedure was used to test for (in order) ὴ
ͯ
ȟὛ
ͯ
ȟὴ
ͯ
ȟὛ
ͯ
ȟὴ
ͯ
ȟ and 

‗
ͯ
 homogeneity between release groups from Okanogan/Methow and the Wells tailrace.  The 

forward-step fitting procedures kept survival probabilities Ὓ  and Ὓ  unique throughout all 

steps of the test (Figure 3.6.3-1).  The selected model was then compared to the fully 
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parameterized Cormack-Jolly-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 performed.  The test of equal survival was based on an asymptotic Z-test of the 

form: 

 

  

ὤ

Ὓ Ὓ Ὓ
σ

Ὓ

VarὛ VarὛ VarὛ

ω
VarὛ

 (11) 

 

where 

 

Ὓ  = weighted average of Wells Project survival from the 1998 PIT-tag study, and 

Ὓ  = weighted average of Wells Project survival from the 1999 PIT-tag study, and 

Ὓ  = weighted average of Wells Project survival from the 2000 PIT-tag study, and 

Ὓ  = weighted average of Wells Project survival from the 2020 PIT-tag study. 

 

The two-tailed test of equality of survival estimates was performed at Ŭ = 0.10. 

 

A test of equality was also performed between 1998, 1999, 2000, 2010, and this year (2020). 

This test of equal survival was based on an asymptotic Z-test of the form: 

 

ὤ

Ὓ Ὓ Ὓ Ὓ
τ

Ὓ

VarὛ VarὛ VarὛ VarὛ

ρφ
VarὛ

 (12) 

where  

 

Ὓ  = weighted average of Wells survival from the 2010 PIT-tag study and other parameters 

are identical with (11). 

 

3.6.10 Five-Year Average Project Survival 

The Wells HCP required that all years of SVS be averaged to determine the average project 

mortality and corresponding mitigation levels.  An arithmetic average was selected as the most 
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appropriate estimate to represent average survival for yearling Chinook and Coho, and steelhead 

migrating through the Wells Project.  The equation for this average is represented below:  

   

( )1998 1999 2000 2010 2020

5

Ĕ Ĕ Ĕ Ĕ Ĕ
Ĕ

5

+ + + +
=avg

S S S S S
S  

(13) 

Ὓ = arithmetic average of the five years of PIT-tag survival studies, 

Ὓ  = weighted average of Wells survival from the 1998 PIT-tag study,  

Ὓ  = weighted average of Wells survival from the 1999 PIT-tag study,  

Ὓ  = weighted average of Wells survival from the 2000 PIT-tag study,  

Ὓ  = weighted average of Wells survival from the 2010 PIT-tag study, and 

Ὓ  = weighted average of Wells survival from the 2020 PIT-tag study. 

 

Because all yearly survival estimates were estimated with approximately the same level of 

precision, the variance of (13) was calculated as 

6ÁÒὛӶ  
ίӶ

υ
 (14) 

where 

 

 ίӶ is the empirical variance among the five years of survival estimates.  

  



 

2020 Wells Survival Verification Study 

Page 24 Wells Project No. 2149 

4.0 RESULTS 

4.1 Fish Collection, Tagging, and Holding 

In total, more than 110,000 yearling Chinook salmon were collected and handled for the 2020 

SVS.  Of these fish, 109,617 were ultimately PIT-tagged for use in the study (Table 4.1-1).  Of the 

109,617 Chinook PIT-tagged for the SVS, 590 were known mortalities and recovered by fish 

husbandry staff.  Visual identification of avian and small-mammal predators were noted at the 

Wells Hatchery leading staff to suspect a few rearing mortalities were not recovered due to 

predation.  During release, 13 dead or moribund fish were recovered as release containers were 

emptied at release locations.  In total, 105,332 were released for the 2020 Wells SVS.  After the 

SVS was over, approximately 50 extra PIT-tagged fish were released directly from Wells Hatchery 

and were excluded from the study.   

 

Table 4.1-1 Summary of yearling Chinook salmon PIT-tagged at Wells Hatchery 

from November 12th ï 17th, 2019 for 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 

7A 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 for 70.7-98.2% of the fish tagged for the SVS.  The average fork length 

for the fish tagged in November 2019 was 93-96 mm and ranged from 65 mm to 126 mm (Table 

4.1-2).  
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Table 4.1-2 Length summary of yearling Chinook salmon PIT-tagged at Wells Hatchery in November 2019 for the 2020 

SVS, by raceway. 

Raceway 1A 1B 2A 2B 3A 3B 6A 6B 7A 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 5,556 5,443 5,364 86,754 

# Fish Tagged 7,296 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 Recorded 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 PIT-tagged Chinook was initiated with the loading of release containers for 

Replicate 1, and continued every other day through the final release.  Fish were collected from the 

raceway by crowder and fish pump, sent through a dewatering tower, through a singulator, and 

finally through four PIT-tag interrogation coils.  Once detected, fish were randomly assigned to 

one of the three release sites within a replicate pairing.  Each release container in each release 

group was loaded according to a randomized schedule developed prior to the implementation of 

the SVS.  Tag files that were uploaded to PTAGIS are summarized in Table 4.2-2. 

 

The amount of time to load a release container varied from 10 to 83 minutes with the average load 

time being 18 minutes and generally became more efficient as the SVS proceeded.  The time to 

load the Okanogan release containers 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 times varied between 7 and 42 minutes with an average of 17 minutes. 

 

Daily releases of PIT-tagged Chinook salmon took place at the Okanogan (odd days), and Methow 

and tailrace (even days) release sites starting on April 13 and ending on May 14, 2020.  On each 

of the 16 release-container loading days, 12 release containers were filled with PIT-tagged 

Chinook.  Standardization of truck loading, transportation, and barge loading times was achieved 

both within and between replicate release groups.  On average, truck loading required 10 minutes, 

transport time averaged 26 minutes, and barge loading times averaged 31 minutes.  Towing the 

barge to the release site required an average of 38 minutes.  

 

4.2.1 River Environment 

DO and water temperatures for each container were recorded at pre-determined intervals 

throughout the transportation process.  Records of DO and temperature indicated similar trends 

within and between replicate release sites.  Average concentrations of DO varied less than 1.0 mg 

O
2
/L between the treatment and control releases within a replicate.  In general, DO concentrations 

were consistently maintained between 9.2 and 20 mg O
2
/L, decreasing moderately during the 

course of the SVS with naturally increasing water temperatures (Figure 4.2-1).  The water 

temperature in the release containers varied between 6.4 and 15.1 C̄ and generally increased with 

each replicate as river temperatures warmed throughout the study (Appendix A). 

 

Water temperatures within a replicate pair varied less than one degree Celsius (̄C) during the 

transportation phase of the SVS.  Over the course of the study, Columbia River water temperatures 

climbed from an average of 6.5 C̄ on the first release day to 9.9 C̄ by the end of the study (Figure 

4.2-2).  Flows at the Wells Project were 74 kcfs (thousand cubic feet per second) on the first day 

of the study and remained low until around April 27th, and increased to an average of 190 kcfs by 

the end of the SVS (Figure 4.2-2).  The mean daily discharge from Wells Project between April 

13th and May 31st, 2020 was 148,144 kcfs, which corresponds with the 43rd percentile exceedance 

value on the updated Spring Flow-Duration Curve approved by the Wells HCP CC in December 

2019.  Thus, flows in 2020 satisfied the HCP definition of ñrepresentative environmental 

conditions,ò by falling between the 10th and 90th percentile points on the flow-duration curve.    



 

2020 Wells Survival Verification Study 

Page 27 Wells Project No. 2149 

 

 

Figure 4.2-1 Average DO and water temperatures recorded for release containers 

arriving at the Okanogan, Methow and tailrace (control group) release 

sites during the 2020 SVS. 

 

 

 

 
Figure 4.2-2  River Environment for the 2020 Wells SVS. 
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Table 4.2-2 Tag File Names and Loading Summary for the 2020 SVS. 

 
Replicate  Release Filename Raceway Release Date Release Site # Morts # Sample Morts 

1 BMI-2020-104-O01.XML 1B 13-Apr-20 Okanogan 0 10 

BMI-2020-104-P01.XML 14-Apr-20 Methow 0 10 

BMI-2020-104-W01.XML Control 0 20 

2 BMI-2020-106-O02.XML 1A 15-Apr-20 Okanogan 0 10 

BMI-2020-106-P02.XML 16-Apr-20 Methow 1 10 

BMI-2020-106-W02.XML Control 0 19 

3 BMI-2020-108-O03.XML 2A 17-Apr-20 Okanogan 0 10 

BMI-2020-108-P03.XML 18-Apr-20 Methow 0 10 

BMI-2020-108-W03.XML Control 1 21 

4 BMI-2020-110-O04.XML 2B 19-Apr-20 Okanogan 0 11 

BMI-2020-110-P04.XML 20-Apr-20 Methow 0 10 

BMI-2020-110-W04.XML Control 0 20 

5 BMI-2020-112-O05.XML 3A 21-Apr-20 Okanogan 0 10 

BMI-2020-112-P05.XML 22-Apr-20 Methow 0 10 

BMI-2020-112-W05.XML Control 0 20 

6 BMI-2020-114-O06.XML 3B 23-Apr-20 Okanogan 0 9 

BMI-2020-114-P06.XML 24-Apr-20 Methow 0 10 

BMI-2020-114-W06.XML Control 0 21 

7 BMI-2020-116-O07.XML 6A 25-Apr-20 Okanogan 0 10 

BMI-2020-116-P07.XML 26-Apr-20 Methow 0 11 

BMI-2020-116-W07.XML Control 0 22 

8 BMI-2020-118-O08.XML 6B 27-Apr-20 Okanogan 0 10 

BMI-2020-118-P08.XML 28-Apr-20 Methow 0 10 

BMI-2020-118-W08.XML Control 0 21 

9 BMI-2020-120-O09.XML 7A 29-Apr-20 Okanogan 0 11 

BMI-2020-120-P09.XML 30-Apr-20 Methow 0 10 

BMI-2020-120-W09.XML Control 0 22 

10 BMI-2020-122-O10.XML 7B 1-May-20 Okanogan 0 10 

BMI-2020-122-P10.XML 2-May-20 Methow 0 10 

BMI-2020-122-W10.XML Control 0 19 

11 BMI-2020-124-O11.XML 8A 3-May-20 Okanogan 0 10 

BMI-2020-124-P11.XML 4-May-20 Methow 0 10 

BMI-2020-124-W11.XML Control 0 18 

12 BMI-2020-126-O12.XML 8B 5-May-20 Okanogan 0 12 

BMI-2020-126-P12.XML 6-May-20 Methow 0 10 

BMI-2020-126-W12.XML Control 0 19 

13 BMI-2020-128-O13.XML 9A 7-May-20 Okanogan 0 10 

BMI-2020-128-P13.XML 8-May-20 Methow 4 10 

BMI-2020-128-W13.XML Control 2 18 

14 BMI-2020-130-O14.XML 9B 9-May-20 Okanogan 0 10 

BMI-2020-130-P14.XML 10-May-20 Methow 1 10 

BMI-2020-130-W14.XML Control 0 20 

15 BMI-2020-132-O15.XML 10B 11-May-20 Okanogan 0 10 

BMI-2020-132-P15.XML 12-May-20 Methow 2 11 

BMI-2020-132-W15.XML Control 1 20 

16 BMI-2020-134-O16.XML 10A4 13-May-20 Okanogan 0 10 

BMI-2020-134-P16.XML 14-May-20 Methow 0 9 

BMI-2020-134-W16.XML Control 1 19 

 

  

                                                           
4 Replicate 16 comprised of surplus fish from raceways used in earlier replicates.  Extra fish at the end of a given 

replicate loading were moved to raceway 10A until the end of the SVS when a 16th replicate was performed. 
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4.3 Pathology, Physiology, and Morphology Monitoring 

The mean fork length of study fish sampled for physical parameters ranged from 119 to 208 mm 

with a mean of 161.4 mm.  The mean fork length for fish released at the Okanogan, Methow, and 

tailrace release sites were 161.5 mm, 161.0 mm and 161.5 mm, respectively.  A statistical 

analysis of mean fork length for the yearling Chinook released above and below the Wells 

Project found no significant differences between the groups (ANOVA, p =0.94) (Figure 4.3-1).   

 

Figure 4.3-1 Mean fork length (cm) at release for all 16 replicate release groups 

released during the 2020 Wells SVS.  In this and the next three figures, 

values inside compressed green diamonds are 95% confidence intervals, 

and data collected from fish sacrificed for physiological trials.  

 

The mean weight of study fish ranged from 11.1 grams (g) to 86 g with a mean of 34.4 g.  The 

mean weight for fish released at the Okanogan, Methow, and tailrace release sites were 34.8 g, 

34.1 g, and 34.4 g, respectively.  A statistical analysis of mean fish weight found no significant 

differences between the control and treatment groups (ANOVA, p =0.90) (Figure 4.3-2).   

 

 

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 in plasma glucose (ANOVA, p < 0.01), cortisol, and hematocrit 

were identified between release sites.  All of the other physical parameters sampled were consistent 

between the treatment and control release groups.  Means for plasma glucose for fish released at 

the Okanogan, Methow, and tailrace release sites were 74.2 mg/ul, 70.9 mg/ul, and 66.9 mg/ul, 

respectively and, although statistically significant, were likely attributed to fasting times (time 

spent in release containers at Wells Hatchery without food, prior to release).  The observed 

differences were unlikely to be biologically relevant since a number of biological studies have 

shown the link between nutrition, fasting and diet, and the different glucose values observed fall 

well within the homeostatic level (Barton et al. 1988; Figure 4.3-3).  In most cases, plasma glucose 

concentration was in the pre-stress range suggesting that the majority of the fish were at a resting 

level for this response variable at the time of release.   

  

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 location.  The tailrace fish exhibited the lowest signs of stress from a plasma 

cortisol standpoint.  Okanogan fish had the highest cortisol values.  All three populations differed 

significantly (ANOVA, P<0.0001).  Average cortisol values were 111.6 ng/ml, 85.9 ng/ml, and 

70.2 ng/ml for Okanogan, Methow, and tailrace fish, respectively.  When the control fish were 

compared to the combined treatment fish, they had 18.8% lower mean cortisol values (Figure 

4.3-4). 
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Figure 4.3-4 Mean plasma cortisol (ng/ml) for release location (left panel) and grouped 

treatment and control fish (right panel). 

 

Hematocrit values mirrored plasma glucose values and, while statistically significant (p < 0.001), 

the observed differences between values for treatment and control fish are biologically irrelevant 

(Figure 4.3-5).  The literature describes a close link between glucose and hematocrit, with 

glucose positively biased at lower hematocrit levels and negatively biased at higher hematocrit 

levels (Tang et al. 2000).  Hematocrit values were a few percentage points higher in both 

treatment (52.7%) and control (54.7%) fish compared to what would be considered a 

homeostasis level of 44 - 49% (Sandnes and Waagbo 2006).  As such, significant differences 

observed in hematocrit were suspected to be inconsequential to survival rates.  

 

Figure 4.3-5 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 report, result of gill ATPase results were not available, but 

are nonetheless expected to be statistical similarity between treatment and control fish and, if not, 

no biologically relevant difference.  There is an expectation that gill ATPase, a measure of ocean 

readiness, would change throughout the course of the SVS but to not differ between 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 healthy fish.  We observed but 

did not record increased smolt readiness (silvering of body) as the SVS progressed.  Of the 655 

fish observed during physiological processing, we noted six ñhumpbacksò (three treatment and 

three control fish) and one fish with a shortened lower maxilla (lower jaw; control fish).  We did 

not observed fin erosion, and rarely observed descaling.  When present, descaling was minimal.  

Color and size of internal organs was noted as normal for all groups and in general, organ color 

and size indicated healthy, pathogen-free fish.  Field notes from the Douglas PUDôs fish-health 

expert and Doctor of Veterinary Medicine (DVM) indicated less than 1% of the 655 fish sampled 

had any observed external abnormality. 

 

The mean fat index was 1.80 for control fish and 1.83 for treatment fish and did not differ 

significantly (p = 0.40).  These index values indicated that fish were not overfed prior to release 

and had sufficient but minimal fat reserves.  Fat index values remained constant through the SVS.  

Fish size as measured by weight and length increased slightly but significantly as the replicates 

proceeded (p < 0.001; Figure 4.3-6).    

  

Figure 4.3-6 Change in fish size over the course of the 2020 SVS as measured by 

weight (g; right panel) and length (cm; right panel).  Data collected from 

fish sacrificed for physiological trials. 
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4.4 Estimates of Detection and Reach Survival Probabilities 

Arrival of study fish at the Rocky Reach Juvenile (RRJ) Fish Bypass closely matched the arrival 

timing of run-at-large steelhead, yearling Chinook, and Coho (Figure 4.4-1), indicating that the 

release schedule approved in the SVS plan was appropriate. 

 

 

Figure 4.4-1 Number of tags detected at the Rocky Reach juvenile fish bypass system 

by date for run-at-large steelhead, yearling Chinook, and Coho (primary 

y-axis); and SVS fish (secondary y-axis) 

 

PIT-tag detection probabilities were estimated at Rocky Reach, McNary, and John Day dams.  

Reach survival was estimated from release to Rocky Reach, Rocky Reach to McNary and 

McNary to John Day dam.  

 

For the last reach between John Day and Bonneville dams, only the joint product of survival and 

detection at Bonneville Dam (plus NOAA barge) ɚ could be estimated.  Complete detection 

histories for each release group are provided in Table 4.4-1 and reflect complete PTAGIS data 

from release through July 31, 2020. 
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Table 4.4-1. Complete detection history for each release group.  Counts of smolts by detection history for each release 

group used in the 2020 Wells SVS.  The digit 1 denotes detected; 0, not detected; and 2, censored at Rocky 

Reach, McNary, John Day, and Bonneville tailraces.  Detection histories reflect data downloaded from 

PTAGIS August 17th, 2020, using detections through July 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 

Okanogan/Methow                        
op1 0 0 2 3 0 2 56 83 0 3 45 49 36 33 930 2090 8 1 0 0 0 0 1 3342 
op2 0 0 3 3 3 3 61 85 2 3 37 59 27 42 966 1975 34 1 0 0 0 0 0 3304 
op3 0 0 2 6 0 2 61 104 0 2 48 62 18 30 873 2099 23 0 0 0 0 1 1 3332 
op4 0 0 1 4 1 4 49 92 2 3 42 50 17 31 956 2060 20 0 0 0 0 0 0 3332 
op5 0 0 5 2 2 0 41 89 1 1 38 55 22 41 927 2067 40 0 0 0 0 0 1 3332 
op6 0 0 3 4 2 2 67 96 0 0 26 52 21 36 920 2069 23 0 0 0 0 1 0 3322 
op7 1 1 2 2 0 2 53 83 0 2 39 55 20 31 950 2051 28 0 0 0 0 0 0 3320 
op8 1 0 4 6 1 2 57 94 0 0 23 45 20 26 1015 2037 35 0 0 0 0 0 1 3367 
op9 0 0 5 6 1 2 63 110 0 1 26 38 17 33 935 2028 32 0 0 0 0 0 0 3297 
op10 1 1 1 5 3 2 75 107 3 2 29 52 19 34 919 2046 33 0 1 0 0 0 0 3333 
op11 0 0 1 7 0 1 68 111 1 2 34 41 18 26 901 2099 39 0 0 0 0 0 0 3349 
op12 0 0 7 2 2 0 71 114 1 0 33 50 22 32 831 2101 34 0 0 0 0 0 0 3300 
op13 0 1 1 4 2 3 61 113 0 1 24 39 11 23 851 2136 27 0 0 0 0 0 0 3297 
op14 0 0 5 5 0 3 60 111 1 3 25 40 12 36 841 2134 50 0 0 0 0 0 0 3326 
op15 0 0 6 5 3 4 56 104 0 3 22 53 14 24 799 2171 33 0 0 0 0 0 0 3297 
op16 0 0 6 8 1 2 64 75 0 2 29 35 11 21 676 1729 26 0 0 0 0 0 0 2685 

Wells                         

w1 0 0 2 2 1 2 61 93 0 3 26 46 23 29 978 2086 22 1 0 0 0 0 0 3375 
w2 0 0 9 5 1 2 58 108 0 4 46 51 19 36 991 2108 37 0 0 0 0 0 0 3475 
w3 0 0 3 3 1 3 76 111 0 3 31 51 22 55 1019 1991 35 0 0 0 0 0 0 3404 
w4 0 0 3 6 4 3 71 109 1 2 39 45 20 31 990 2001 24 0 0 0 0 0 0 3349 
w5 0 0 6 8 2 7 60 70 0 4 40 44 19 36 950 2018 45 0 0 0 0 0 0 3309 
w6 2 0 3 4 3 1 66 98 1 0 37 60 25 30 970 1963 42 0 0 0 0 1 0 3306 
w7 0 0 2 4 2 1 80 95 0 5 34 47 18 35 990 1981 32 0 0 0 0 0 0 3326 
w8 0 0 5 5 1 3 65 99 0 3 31 50 16 30 986 1971 51 0 0 0 0 0 1 3317 
w9 0 0 3 7 2 3 54 117 0 0 29 60 19 37 951 1993 38 0 0 0 0 0 0 3313 
w10 0 0 3 6 1 1 72 113 1 2 35 44 25 36 900 2056 45 0 0 0 0 0 0 3340 
w11 0 0 4 4 1 2 67 103 0 0 28 54 26 37 1011 1944 25 0 0 0 0 0 0 3306 
w12 0 0 7 8 1 4 70 104 0 3 24 51 19 30 964 2008 37 0 0 0 0 0 0 3330 
w13 0 0 1 3 2 5 66 107 0 1 27 40 16 30 867 2138 34 0 0 0 0 0 0 3337 
w14 0 0 4 7 4 2 66 109 0 1 29 59 10 31 916 2035 37 0 0 0 0 0 0 3310 
w15 0 0 4 6 1 5 71 122 2 1 26 56 15 30 878 2023 64 0 0 0 0 0 1 3305 
w16 0 0 3 7 0 0 53 94 1 0 35 49 9 26 702 1670 35 0 0 0 0 0 0 2684 
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Average detection probability at Rocky Reach was 0.3930 across the 32 release groups.  Average 

detection probabilities downriver at McNary and John Day dams were much lower, 0.0253 and 

0.0501, respectively.  The average joint probability of survival from John Day to Bonneville and 

being detected at Bonneville Dam or the NOAA barge was estimated at 0.0954.  The high 

detection probability at Rocky Reach Dam preserved the precision of the SVS. 

 

Survival estimates from release to Rocky Reach Dam had standard errors in the range 0.0428ï

0.0745 (Table 4.4-2).  Despite the variability, the replicate estimates of survival across the SVS 

period from Okanogan/Methow to Rocky Reach (Figure 4.4-2a) and Wells tailrace to Rocky 

Reach (Figure 4.4-2b) showed no seasonal trends even though river flows more than doubled 

during the SVS.  
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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 Wells SVS based on the full model.  

The joint probability of recovery from John Day to Bonneville and being 

detected at Bonneville Dam ⱦ is reported in the last column.  Standard 

errors are reported in parentheses.  Survival averages were weighted by 

(1/CV2).  

Release 

Survival 
 

Probability of Detection at 
Combined 

detection and 

survival ‗ Release to  
Rocky Reach 

Rocky Reach to  
McNary 

McNary to  
John Day 

 Rocky Reach McNary John Day 

Okanogan/Methow        

op1 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) 

op10 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) 

op11 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) 

op12 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) 

op14 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) 

op16 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         

w1 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) 

w11 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) 

w12 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) 

w13 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) 

w14 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) 

w15 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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a. Okanagan/Methow 

 

b. Wells tailrace 

 
Figure 4.4-2. Release pattern of reach survival estimates for (a) Okanogan/Methow to 

Rocky Reach Dam and (b) Wells tailrace to Rocky Reach with 95% 

confidence intervals.  The dashed blue line is mean value and blue band 

the 95% confidence interval of the mean. 

 

4.4.1 Tests of Assumptions 

The tests of assumptions were performed on individual replicates of the pooled 

Okanogan/Methow releases and the Wells tailrace releases of study fish.  The subsequent tests of 

assumptions assisted in the selection of the most appropriate approach for estimating reach 

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 release.  One 

measure of mixing is the homogeneous arrival of smolts from the three release groups at 

downstream detector dams.  Visual inspection of the arrival plots (Appendix C) suggests good 

mixing, with all three releases showing very similar modes of arrival at detector dams.  

 

4.4.3 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 subsequent downstream detection and survival.  Test 2.2 tests 

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

Day, or Bonneville dams.  Test 2.3 tests whether detections at Rocky Reach or McNary had no 

effect on downstream captures at John Day or Bonneville dams.  Of the overall Test 2 results, 

one of the 32 release groups (3.125%) was significant at Ŭ = 0.10 (Table 4.4.3-1).  Under the null 

hypothesis one might expect 10% (i.e., 3.2 tests) to be significant at the Ŭ = 0.10 level.  This rate 

of rejection is consistent with compliance with model assumptions.  In addition, details of the 2.2 

and 2.3 tests showed no consistent pattern of violating model assumptions across release groups 

(Appendix D). 
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Table 4.4.3-1.  Results (i.e., P-values) of Burnham et al. (1987) tests 2 and 3 for goodness-

of-fit to the single release-recapture assumptions for the 

Okanogan/Methow and Wells tailrace releases.  Significant values (P < 

0.10) are shaded.  NA indicates there were not enough detections to test. 

 

Release 

Burnham Tests 

2.2 2.3 Overall 2 3.R3 3.R4 3.m3 Overall 3 2 + 3 

Okanogan/ Methow         

op1 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 

op5 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 

op11 0.8121 0.1937 0.5507 0.9291 0.1282 1.0000 0.5083 0.6190 

op12 0.6241 1.0000 0.8150 0.1569 0.0736 NA 0.0741 0.2922 

op13 0.8656 1.0000 0.9621 1.0000 1.0000 0.8948 0.9994 0.9995 

op14 0.1418 0.2770 0.1654 0.8830 0.8933 1.0000 0.9979 0.5274 

op15 0.9155 1.0000 0.9813 0.9753 0.2593 0.5469 0.6513 0.9361 

op16 0.3225 1.0000 0.5196 0.9006 1.0000 1.0000 0.9995 0.8924 

Wells         

w1 0.8069 0.6667 0.8931 0.3896 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 0.5630 0.1352 0.3120 0.8346 0.8476 0.7764 0.3534 

w6 0.3322 1.0000 0.5312 0.1085 0.5304 1.0000 0.3962 0.5217 

w7 0.2094 0.1791 0.1769 0.9209 0.8825 0.2059 0.6522 0.3631 

w8 0.6008 1.0000 0.7967 0.5171 0.8116 1.0000 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 1.0000 0.9847 0.9716 

w11 0.7607 0.5192 0.8103 1.0000 0.6120 NA 0.8793 0.9430 

w12 0.5928 1.0000 0.7901 0.2963 0.5519 1.0000 0.6951 0.8695 

w13 0.7621 0.5320 0.8172 0.8923 0.9072 1.0000 0.9985 0.9869 

w14 0.4959 0.4282 0.5661 0.1895 1.0000 0.8761 0.6268 0.7069 

w15 0.7246 1.0000 0.8862 1.0000 0.9853 0.4533 0.9049 0.9765 

w16 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 survival.  Test 3.R3 tests whether detection above McNary 

affects detection histories at John Day or Bonneville dams (see Table 4.4.3-1).  Test 3.R4 tests 

whether detections above John Day affect detection histories at Bonneville Dam.  Test 3.m3 is a 

refinement of Tests 3.R3, in that the detections below McNary are changed from yes/no detections 

downstream to more detailed detection histories.  Only one of the 32 overall Test 3 results 

(3.125%) were significant at P Ò 0.10.  Tests 2 and 3 can be further combined for an overall test 

of significance (see 4.4.3-1).  None of the combined Tests 2 and 3 were significant at Ŭ = 0.10. 

Again, this rate of rejection is consistent with model assumption compliance.  Details of the 3.1, 

3.2, and 3.m3 tests can be found in Appendix D. 

 

4.4.5 Modeling the Paired Releases 

All model testing were conducted at a significance level of Ŭ = 0.10.  Results of the model selection 

procedures for each of the 16 paired Okanogan/Methow-Wells tailrace releases are summarized in 

Table 4.5-1.  In 13 of the 16 paired releases, model parameters were homogeneous beginning with 

the capture probabilities at Rocky Reach Dam (i.e., Model ὓ , the most parsimonious model).  

The 3 remaining replicate releases were homogeneous below Rocky Reach, McNary, or John Day 

dams, which allowed detection rates at Rocky Reach to vary between the treatment and control 

release groups (Appendix E). 

 

4.5 Wells Project Survival Estimates 

The model selection process provided the separate estimates of survival S11 and S21 for each 

release location to Rocky Reach Dam within a paired release (Table 4.4.5-1).  The ratio of these 

separate estimates (Eq. 1) provides the estimates of Wells Project survival (Ὓ ) from the mouths 

of the Okanogan/Methow rivers to Wells Dam tailrace (Table 4.5-1) and were stable throughout 

the SVS (Figure 4.5-1).  The weighted average for survival (Eq. 4) from the 2020 SVS was Ὓ  = 

0.9517 (3% = 0.0142). 

 

The historical Juvenile Project Survival estimates were 0.997 (3% = 0.015), 0.943 (3% = 0.016), 

0.946 (3% = 0.015), and 0.964 (3% = 0.013) for years 1998, 1999, 2000, and 2010, respectively.  

The historical arithmetic average was 0.9625.  A Z-test of the difference between the three-year 

historical average (1998-2000) and the 2020 survival estimate was not significantly different 

P(ȿὤȿ πȢφρυτπȢυσψσ.  A Z-test of the difference between the four-year historical average 

(1998ï2010) and the 2020 survival estimate was not significantly different (P(ȿὤȿ πȢφψσυ
πȢτωτσ).  The new five-year average estimate of Wells Juvenile Project Survival is  Ὓ  = 0.9604 

(3% = 0.0098). 
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Table 4.4.5-1. Estimates of survival and detection at Rocky Reach, McNary, and John Day dams; and the joint probability 

of survival from John Day to Bonneville and being detected at Bonneville Dam (ɚ), for the best-fit paired -

release models selected by stepwise-fitting procedures for the 2020 Wells SVS.  

Population Survival  Detection Product of Capture/ Survival 

Below John Day to Rocky Reach RR --> McNary McN --> John Day  Rocky Reach McNary John Day 

op1 

w1 

0.7611 (0.0364) 

0.7760 (0.0369) 
1.1226 (0.3241) 1.0721 (0.4597)  0.4246 (0.0201) 0.0223 (0.0069) 0.0295 (0.0097) 0.0497 (0.0162) 

op2 

w2 

0.8408 (0.0393) 

0.8222 (0.0384) 
0.7700 (0.1703) 0.8836 (0.2643)  0.4073 (0.0190) 0.0334 (0.0077) 0.0587 (0.0127) 0.0901 (0.0192) 

op3 

w3 

0.7872 (0.0504) 

0.9238 (0.0593) 

1.3752 (0.3895) 

1.1204 (0.3131) 
0.7945 (0.2727)  

0.3911 (0.0265) 

0.3775 (0.0256) 

0.0145 (0.0045) 

0.0241 (0.0071) 
0.0380 (0.0095) 0.0664 (0.0164) 

op4 

w4 

0.8127 (0.0397) 

0.8569 (0.0415) 
0.5709 (0.1174) 1.5533 (0.5000)  0.4016 (0.0196) 0.0377 (0.0083) 0.0403 (0.0106) 0.0707 (0.0182) 

op5 

w5 

0.8621 (0.0616) 

0.7722 (0.0483) 

1.3897 (0.6754) 

0.5022 (0.1263) 

0.3559 (0.1859) 

1.1397 (0.3605) 
 

0.3746 (0.0281) 

0.4391 (0.0289) 

0.0170 (0.0084) 

0.0539 (0.0146) 
0.0722 (0.0152) 0.1029 (0.0213) 

op6 

w6 

0.7848 (0.0375) 

0.8453 (0.0399) 
1.1084 (0.3193) 0.7124 (0.2622)  0.4097 (0.0195) 0.0208 (0.0062) 0.0460 (0.0112) 0.0833 (0.0199) 

op7 

w7 

0.7925 (0.0386) 

0.8384 (0.0404) 
0.8020 (0.2161) 1.23366 (0.4694)  0.4153 (0.0201) 0.0275 (0.0076) 0.0366 (0.0104) 0.0619 (0.0173) 

op8 

w8 

0.8763 (0.0452) 

0.9002 (0.0464) 
0.7954 (0.2277) 0.6076 (0.2094)  0.3893 (0.202) 0.0221 (0.0066) 0.0619 (0.0131) 0.1214 (0.0248) 

op9 

w9 

0.9149 (0.0491) 

0.9471 (0.0505) 
1.1068 (0.3559) 0.4616 (0.1730)  0.3534 (0.0191) 0.0171 (0.0056) 0.0563 (0.0119) 0.1200 (0.0246) 

op10 

w10 

0.8000 (0.0373) 

0.7965 (0.0372) 
0.8209 (0.1856) 0.9878 (0.3129)  0.4064 (0.0190) 0.0306 (0.0073) 0.0435 (0.0103) 0.0919 (0.0212) 

op11 

w11 

0.8007 (0.0394) 

0.8838 (0.0429) 
1.5553 (0.5702) 0.4711 (0.2036)  0.3969 (0.0194) 0.0132 (0.0050) 0.0434 (0.0106) 0.0909 (0.0217) 

op12 

w12 

0.7640 (0.0369) 

0.8347 (0.0397) 
1.0939 (0.3143) 0.5283 (0.1789)  0.4005 (0.0192) 0.0199 (0.0059) 0.0615 (0.0122) 0.1290 (0.0246) 

op13 

w13 

0.8017 (0.0435) 

0.8180 (0.0442) 
0.5974 (0.1430) 1.6514 (0.6283)  0.3704 (0.0201) 0.0299 (0.0076) 0.0271 (0.0085) 0.0704 (0.0215) 

op14 

w14 

0.8393 (0.0453) 

0.9021 (0.0482) 
0.6904 (0.1713) 0.8158 (0.2528)  0.3565 (0.0193) 0.0262 (0.0068) 0.0559 (0.0118) 0.1173 (0.0239) 

op15 

w15 

0.7891 (0.0424) 

0.8963 (0.0472) 
0.5411 (0.1137) 1.1467 (0.3268)  0.3584 (0.0191) 0.0345 (0.0078) 0.0545 (0.0116) 0.1141 (0.0234) 

op16 

w16 

0.7022 (0.0412) 

0.8040 (0.0473) 
1.4175 (0.5552) 0.4043 (0.1736)  

0.4312 (0.0272) 

0.3883 (0.0249) 
0.0129 (0.0052) 0.0767 (0.0150) 0.1371 (0.0260) 
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Table 4.5-1. Replicate estimates of 2020 Wells Juvenile Project Survival ╢╦  from 

pooled Okanogan/Methow releases to Wells Dam tailrace, based on the 

best parsimonious model selected for each paired release using the 

stepwise-fitting procedure.  Weighted average and standard error based 

on Equations (3ï5). 

 Release Groups Ὓ   

 op1/w1 0.9808 (0.0661)  

 op2/w2 1.0226 (0.0676)  

 op3/w3 0.8521 (0.0773)  

 op4/w4 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)  

 op11/w11 0.9060 (0.0626)  

 op12/w12 0.9153 (0.0620)  

 op13/w13 0.9801 (0.0750)  

 op14/w14 0.9304 (0.0707)  

 op15/w15 0.8804 (0.0662)  

 op16/w16 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, 2020.  Vertical lines represent 95% confidence 

intervals.  The dashed blue line is the weighted average survival across 

replicates, with a 95% confidence interval shaded blue. 
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5.0 DISCUSSION 

5.1 Fish Collection, Tagging, and Holding 

In total, 109,617 yearling Chinook salmon were collected and tagged for use in the SVS.  The 

collection and tagging of fish several months prior to release and then placement of an entire 

replicate of fish into one holding vessel prior to assignment to release sites proved to be a very 

beneficial method for reducing stress.  Together, these methods eliminated tag shed during the 

study releases, and any potential tagging and tagger-related effects on the survival estimates.  The 

use of separate raceways for each of the 15 replicate release groups was labor intensive but 

provided nearly identical pre-release physical and physiological conditions for all SVS fish. 

 

5.2 PIT-Tag Interrogation, Transportation, and Release 

To isolate project survival from unavoidable handling effects, various performance standards were 

established to ensure consistency within and between replicate release groups.  Performance 

standards used in the current SVS included randomizing the assignment of fish to release locations, 

standardizing loading and unloading times and techniques, and monitoring travel times, road 

conditions and water quality parameters.  Real-time monitoring and adjustment was used to ensure 

the achievement of performance standards. 

 

The results of the SVS prove the efficacy of the standards established to ensure consistency within 

and between release groups.  Transportation, loading, and travel conditions (water temperature, 

travel time, DO concentrations, and final fish condition) were closely matched between the 

treatment and control release pairings.  The use of specially designed release containers, onboard 

oxygen supply systems, and relatively short distances to release sites combined to ensure that fish 

condition, upon arrival, was comparable for all 48 release groups.  No changes to the loading, 

transportation, or release procedures are recommended for future PIT-tag survival studies utilizing 

hatchery fish released at the Okanogan, Methow, and 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 through the Wells Project.  For example, fish-health or 

fish-handling differences between treatment and control fish within a replicate pair could reduce 

survival of whichever release had poorer health or handling, thereby biasing project survival 

estimates.  Measuring physiological parameters allows for the identification of such biases.   

 

Variability in fish health, condition, and fish handling between replicate releases does not result in 

biased estimates of survival through the dam but could complicate the interpretation of the 

resultant single-release recapture survival estimates.  For example, differences in fish health 

between replicate pairs might mask potential survival differences associated with river operation.  

Without measuring the physiological differences between replicate release groups, one could 

improperly conclude that river operations resulted in the observed seasonal trends in fish survival 

when, in fact, fish health and physiology might be the overriding survival variable. 
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To address concerns related to the variability in estimated survival within and between release 

pairs, we conducted statistical comparisons of fish physiology and morphology.  Based upon the 

fish condition and physiology parameters sampled, we identified no biologically significant 

differences capable of substantially biasing replicate estimates of survival through the Wells 

Project.  Seasonal trends that might affect the interpretation of the single release-recapture survival 

estimate from release to downstream capture locations included a gradual and moderate increase 

in fish size as the SVS progressed, but both treatment and control releases manifested that seasonal 

trend. 

 

Differences in physiological condition at release gave us some pause.  Plasma cortisol and glucose 

values did not differ in the 2010 SVS.  Two major differences occurred in our approach in 2020 

when compared to the 2010 SVS.  First, in order to better match up Okanogan and Methow fish 

we moved up the 17:00 release timing at the mouth of the Okanogan in 2010 by three hours to 

14:00 in 2020.  While the change improved downstream mixing between treatment and control 

groups, it only allowed for fish loaded in the hatchery to recover in release containers for one to 

two hours prior to Okanogan release.  Monk et al (1991) showed that Chinook plasma cortisol 

values took six hours to return to baseline levels following a handling stressor.  As such, Douglas 

PUD staff suspect that the observed differences in stress hormones such as glucose and cortisol 

result from our change in release timing that would not allow time for sufficient recovery from 

tank loading prior to the Okanogan release.  Further, we used a fish pump to load tanks this year 

and a different crowding approach rather than a pescalator and net combination.  Finally, 

Okanogan, Methow and tailrace fish were all fasted 24 hours before loading and since they spent 

unequal time in release containers before release it may be that some amount of cortisol and 

glucose differences were manifested simply because the length of time from eating differed.  These 

changes likely influenced our significant differences in stress indicators.  

 

We cannot explicitly state the influence 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 increase mortality in fish 

relative to populations with lower cortisol concentrations (Schreck 1982).  Said differently, 

treatment fish had higher stress loads on average when compared to controls, and if this led to 

higher mortality rates than controls our survival estimation would under represent true survival.  

This would be of particular concern in chronically stressed fish (Pickering 1993), and since our 

loading experience was an acute stressor, we have reasonable certainty that the bias, if present, 

was relatively minor.  Nevertheless, our observed difference in cortisol between treatment and 

control fish of nearly 20% was undesirable and could have easily under represented true survival.   

 

Hematocrit values in our SVS fish were only a few percentage points higher than resting Atlantic 

Salmon (Salmo Salar), having averages of 52.7% and 54.6% for treatment and control fish, 

respectively, and compared at 44 - 49% (Sandnes and Waagbo 2006).  Biologically, these results 

were likely less important than stress-response characteristics described above.  Taken together 

we recommend adjusting the release times to maintain time intervals between respective releases 

but allowing the Okanogan fish more recovery time in the hatchery before release in order to allow 

the fish to recover from the stressful loading experience.      
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5.4 Estimation of Survival through the Wells Project 

The 2020 SVS conducted 16 replicate release-recapture studies between April 13th and May 14th, 

2020 to estimate survival through the Wells Project.  The releases from the mouths of the 

Okanogan and Methow rivers and the Wells tailrace showed good downstream mixing (Appendix 

A).  Burnham et al. (1987) tests of goodness-of-fit to the release-recapture model identified good 

compliance with model assumptions.  All 32 combined tests of assumptions 2 + 3 were found non-

significant (P > 0.10).  As a result, estimates of project passage survival are robust.  Furthermore, 

the replicate estimates of reach survival show no evidence of a seasonal trend (see Figure 3.4-1).  

Hence, the mean estimate of project passage survival is representative of the month-long study 

 

During the 2020 SVS, yearling Chinook salmon smolts were released at the mouths of the 

Okanogan and Methow rivers and compared with control groups of fish released into the tailrace 

of Wells Dam.  The weighted average estimate of survival for the 16 replicate pairs of yearling 

Chinook salmon was 0.9517.  Precision observed during the SVS was ὛӶ πȢπρτς and well 

within the standard error < 0.025 requirements of the Wells HCP. 

 

The results of the 2020 SVS confirmed that the Wells Project continues to achieve a high rate of 

survival and remains in compliance with the Wells HCP Juvenile Project Survival standard for 

yearling Chinook and Coho salmon and steelhead.  Average flow in 2020 during the SVS period 

(April through July) ranked 12th of the last 26 years (1995-2020).  There also was no significant 

difference (P = 0.4943) between the estimate of survival generated in 2020 and the average of 

survival estimates of the prior four studies, 1998ï2000, 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 five-year estimate of Juvenile Project Survival was calculated as ὛӶ πȢωφπτ ὛὉ
πȢππωψ.  The resultant new NNI hatchery compensation goal is 3.96 percent, a 0.26-percent 

increase over the 3.7-percent current NNI hatchery compensation goal in place since the 2010 

SVS, and applies to all Plan Species in Phase III (Standard Achieved), including steelhead, and 

yearling Chinook and Coho. 
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5.5 Delayed Effects 

The absolute survival through the Wells Project was estimated at Ὓ πȢωυρχ ὛὉ πȢπρτς 
in 2020.  To examine for delayed effects downstream to Bonneville Dam, the Ricker relative 

survival estimate (Ricker 1958: 128) was calculated based on detections at Bonneville and 

beyond.  The Ricker estimate of the effect of Wells passage on the survival of yearling Chinook 

salmon down to Bonneville Dam is estimated as 

Ὓ
ςχςρ

υςυσυ

ςωςψ

υςχψφ

πȢπυρψ

πȢπυυυ
 

πȢωσσχ ὛὉ πȢπςτς 

This estimate is not significantly lower (P > 0.2606) than the immediate survival estimate based 

on the reach survival estimates to Rocky Reach Dam.  Hence, no significant evidence of 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 Release Data for the 2020 Chinook 

Survival Study at the Wells Dam 
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Tank (a.k.a. Release Container) 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 O M C C O O O C C C C M C M 

Tank 2 O O C O O M C C C O O C M C M O 

Tank 3 C C M C M O M C C M M M C O O C 

Tank 4 C C C C C C C M M C C O O C C C 

Tank 5 O C C C O M C M C M M C M C C O 

Tank 6 C C O C C C C O M O C M C C C C 

Tank 7 M O C O C C M C C C O C C O O M 

Tank 8 C M M M M O O C O C C O O 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 

 




























































