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EXECUTIVE SUMMARY

In 1995, the National Marine Fisheries Service and the University of Washington
completed the third year of a muiti-year study to estimate survival of juvenile salmonids passing
thrqugh dams and reservoirs on the Snake River. Actively migrating yearling chinook salmon
‘(Oncorhynchus tshawytscha) and steelhead (O. mykiss) smolts were collected at selected
locations above? at, and below Lower Granite Dam, tagged with passive integrated transponder
(PIT) tags, and released to continue their downstream migration. Individual smolts were
subsequently detected at PIT-tag detection facilities at Lower Granite, Little Goose, LoWer
Monumental; McNary, John Day, and Bonneville Dams. Survival estimates were calculated using
' the Single-Release and Paired-Release Models.

Specific research objectives in 1995 were 1) to continue field testing and evaluating the
Single-Release, Modified Single-Release, and Paifed-Rele#se Models for e5timaiing sunrival
probabilities of migrating juvenile salmonids, 2) to identify operational and logistical constraints
that would limit the ability to collect data for the models, and 3) to collect baseline information on
smolt travel time and survival under extant river cbnditions and dam operations. Timing of
releases of tagged hatchery yearling chinook salmon (O. tshawytscha) and hatchery steelhead (O.
mykiss) in 1995 spanned the major portion of their juvenile migrations. |

Primary release§ consisted of 12 groups of hatchery yearling chinook salmon (119 to
1,258 per group) and 11 groups of hatchery steelhead (148 to 1,249 per group). The majority of
smolts were collected by purse seine near the Port of Wilma (about 49 km upstream from Lower

Granite Dam), PIT tagged, and released at the same location. The remainder were purse seined



about 10 km downstream ne# Silcott Island and transported back upstream for PIT tagging and
release.

Seéondary releases consisted of replicate groups of hatchery yearling chinook salmon and
steelhead released in the collection channels of juvenile bypass facilities and tailraces at Lower
Granite, Little Goose, and Lower Monumental Dams. These releases were made to measure
post-detection bypass survival (test of a model assumption). Release of these groups was timed
to coincidg with the approximate time of passage of the primary release groups at each dam. Fish
for secondary releases were collected in the juvenile collection and bypass facilities at the dam at
which they were released. Additional releases of hatchery yearliﬁg chinook salmon were made at
Lower Granite Dam to estimate turbine survival.

During the spring outmigration, slide gates triggered by PIT-tag detectors at Lower |
Granite, Little Goose, Lower Monumental, and McNary Dams automatically returned most PIT-
tagged smolts back to the river. For fish from the primary and secondary release groups and ﬁom
other PIT-tagged sﬂmomds released from hatcheries, dams, and trap sites upstream from Lower
Granite Dam, slide-gates allowed detections at mulﬁple downstream dams.

PIT-tag detectioh rates varied Qidely in 1995, due at least in part to the effects of spill,
particularly late in the season when spill levels increased. Thé increased spill resulted in lower
detection rates and decreased precision in survival estimates.

Tests of assumptiéns of the Single-Release and Paired-Release Models showed mofe
significant violations in 1995 than in 1993 and 1994. This result was probably due to large sbill
volumes that occurred at many dams throughout niost of the migration season. The most

common violation was a lack of downstream mixing between fish detected and those not detected
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at a dam. Detected fish, which passed via the juvenile bypass systems, often arrived more thana -
day later at the next downstream dam than nondetected fish, most of which probably passed via
'the spillway.

Lack of mixing between detected and nondetected fish might cause pi'oblems with model
fit. However, tests designed to assess lack of fit did not show sufficient numbers of violations to
invalidate model-based estimates. In general, results indicated that 1) detection at an upstream
site did not influence the probability of its subsequent detection downstream, 2) detection did not
influence subsequent survival, and 3) treatment and reference fish were mixed at subsequent
detection sites. Moreover, post-detection bypass releases indicated that fish in the juvenile bypass
system incurred negligible mortality between the point of detection and the zone of remixing With
fish using other passage routes. Accordingly, the Single-Release Model was used to estimate
survival probabilities for the primary release groups.

Accﬁrate and precise survival estimates for a lafge portion of the 1995 hatchery yearling \
chinook salmon and hﬁtchery steelhead nﬁgratibns were obtained. Results indicated that survival
from the primary release site (49 km_upstreani from Lower Granite Dam) to the tailrace of Lower
Granite Dam averaged about 93% for hatchery yearling chinook salmon and 92% for hatchery
steelhead. Survival from the tailrace of Lower Granite Dam to the tailrace of Little Goose Dam
was about 90% for hatchery yearling chinook salmon and 91% for hatchery steélhead. From
Little Goose Dam tailrace to Lower Monumental Dam tailrace, survival was 94% and 95% for
hatchery yearling chinook salmon and hatchery steelhead, respectively.

The river sections over which survival was estimated for the primary release groups

represent about 69% of the distance from the head of Lower Granite Reservoir to the confluence



of the Snake and Columbia Rivers. Tﬁe estimated survival probability from the Port of Wilma to
Lower Monumental Dam tailrace (155 km) was 78% for hatchery chinook salmon and 80% for

| hatchery steelhead. These estimates are relatively high compared to those in the Snake River in
‘earlier years (Raymond 1979), and slightly higher than our estimates in 1993 and 1994.

Mortality from the head of Lower Granite Reservoir to the tailrace of Lower Granite Dam
was less than 10% for hatchery yearling chinook salmon and hatchery steelhead. Because this
estimate included mortality associated with dam passage via turbines, bypass, and spill, it
appeared that relatively little mortality occurred in the reservoir.

Survival estimates from Lower Granite Dam tailrace to Little Goose Dam tailrace for

~ primary releases and hatchery releases were again the lowest observed ‘among the three river
sections investigated in 1995. However, they were higher than estimates for this section in 1994.
Survival estimates in each of the reaches investigated during 1995 were higher for both
hatchery yearling chinook salmon and hatchery steelhead than in previous years. We attribute this
increase in part to improved migration conditions due to higher flows and a higher proportion of

smolts passing via non-turbine routes due to the spill program, which begain earlier in 1995.

Survival was estimated for PIT-tagged yearling chinook salmon released in the tailrace of
Lower Granite Dam throughout the migration season. These ﬁsh were part of an experiment to
compare the adult return rates of chinook salmon that were transported by barge from Lower
Granite Dam to a point below Bonneville Dam and those that migrated through the Snake and
Columbia River hydropower system. Because of the large number of fish released in this

evaluation, we were able to estimate survival of both wild and hatchery yearling chinook salmon


http:observ.ed

through an additional river section with the Single Release Model: from Lower Monumental Dam
tailrace fo McNary Dam tailrace. No post-detection evaluations were made at McNary Dam.

A total of 136,079 PIT-tagged yearling chinook salmdn were released in the tailrace at
Lower Granite Dam to compare against transported fish. With this large number of tagged fish,
there were sufficient detections at John Day and Bonneville Dams to estimate survival to McNary
Dam tailrace for most of the migration season (9 April through 13 May). Survival estimates for
wild yearling chinook salmon ﬁom this evaluation were similar to estimates for hatchery ﬁsh.
Survival from Lower Monumental tailrace to McNary Dam tailrace (two dams and two
reservoirs) was 85% for hatchery yearling chinook salmon and 83% for wild yearling chinook
§a1mon. From Lower Granite Dam tailrace to McNary Dam. tailrace, survival was 71% and 70%
for hatchery and wild yearling chinook salmon, respectively.

Based on the results of 3 years of research (1993-1995), we conclpde that the Single-
Release, Modified Single-Release, and Paired-Release Models can be used to make accurate
precise estimates of juvenile salmonid passage survival through individual river sections, k

reservoirs, and hydroelectric projects in the Snake and Columbia Rivers.
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INTRODUCTION

Survival estimates for juvenile chinook salmon (Oncorhynchus tshawytscha) and steelhead
(0. inykiss) that migrate through reservoirs, hydroelectric projects, and free-flowing sections of
the Snake and Columbia Rivers are essential to develop effective strategies to recover depressed

stocks. Many management strategies, however, rely upon outdated estimates of system survival
(Raymond 1979, Sims and Ossiander 1981) that lacked statistical precision and that were derived
in a river system considerably different from today's (VWlliams and Matthews 1995). Knowledge
of the mé,gnitude, locations, and causes of smolt mortality under present passage conditions and

~ under conditions projected for the future are necessary fo develop strategies that will optimize
smolt survival.

In 1993 and 1994, the National Marine Fisheries Service (NMFS) and the University of
Washington (UW) demonstrated the feasibility of using. three statistical models to estim;ite |
survival 6f PIT-tagged (Prentice et al. 1990a) juvenile salmonids passing through Snake River
dams and reservoirs (Iwamoto et al. 1994, Muir et al. 1995). Evaluation of assumptions for these
models indicated that all were gene;ally satisfied, so that accuraté and precise survival estimates
were obtained for a pértion of the 1993 and most of the 1994 migration of hatchery yearling
chinook salmon, and for most of the 1994 migration of hatchery steelhead.

In 1995, NMFS and UW completed the third year of the multi-year study. Specific
research objectives were to 1) continue field tests and evaluation of the Single-Release, Modified
Single-Release, and Paired—Reiease Models for estimating survival pfobabilities through river

sections and hydroelectric projects; 2) identify operational and logistical constraints that would



limit the ability to collect data required for the models; and 3) provide baseline survival and travel

time data for hatchery yearling chinook salmon and juvenile hatchery steelheéd.



METHODS
Experimental Design

Three statistical models were used to e§tirnate survival from PIT-tag data in 1995: the
Single-Release (SR) (Cormack 1964, Jolly 1965, Seber 1965), M(idiﬁed Single-Release (MSR)
(Hoffmann and Skalski, statistical appendix in Dauble et al. 1993), and Paired-Release (PR) |
Models (Burnham et al. 1987). Background information and statistical theory underlying these
models were presented by Iwamoto et al. (1994). |

During the 1995 migration seascin, automatic PIT-tag detectors (Prentice et al. 1990a;
1990b; 1990c) were operational in the juvenile bypass systems at Lower Granite (RKm 695),
Little Goose (RKm 635),_L9w§r Monumental (RKm 589), and McNary Dams (RKm 470) (Figs.
1 and 2). Further, the‘majority of PIT-tagged fish detected were diverted back to the river by
slide gates (rather than being barged or trucked downstream), which allowed for the possibility of
detection of an individual fish at more than one downstream site. Although no automatic
detectors existed at John Day and Bonneville Dams, ﬁsli sampled from gatewells at John Day
Dam and from the bypass .system at Bonneville Dam were interrogated for PIT tags.

Two series of primary releases were made using PIT-tagged hatchery yearling chinook -
sa.lmon and hatchery steelhead juveniles captured by purseseine near the head of Lower Granite
Reservoir (RKm 744). We used the records of downstream PIT-tag detections to estimate
survival from the point of release to Lower Granite Dam tailrace, from Lower Granite Dam
tailrace to Little Goose Dam tailrace, and from Liale Goose Dam tailrace to Lower Monumental

Dam tailrace. In some cases, we had sufficient detections at John Day and Bonneville Dams to
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estimate survival in the river section from Lower Monumental Dam tailrace to McNary Dam
tailrace. Sufficient numbers of hatchery and wild yearling chinook salmon were released in the
tailrace of Lower Granite Dam (as part of a large-scale transportation study) to estimate survival
to McNary Dam tailrace for the peak of the migration.

Paired secondary releases were conductéd at Lower Granite, Little Goose, and Lower
Monumental Dams to estimate post-detection bypass mortality. Data from each set of paired
releases were analyzed using the PR Model to determine if mortality occurring in the bypass
system after fish were detected was significant enough at eaéh dam to require the use of the MSR
Model to analyze the releases above Lower Granite Dam. |

Additional paired releases were conducted at Lower Granite Dam to evaluate passage
survival through turbines. Data from these releases were also analyzed using the PR Model.

In additioﬁ to the primary releases, survival probabilities were also estimated from PIT-
tagged smolts released from hatcheries and fish traps in the Snake River Basin and into the |

tailrace at Lower Granite Dam for transportation evaluation.

Primary Release Groups

The primary release groups (Ry) cénsisted of hatchery yearling chinook salmon and
hatchery steelhead captured in Lower Granite Reservoir (Table 1). Fish were collected using two
purse-seine vessels fished simultaneously. Seining was conducted near the Port of Wilma and, on
several occasions, just upstréam from Silcott Island. Fish were PIT tagged on an 11-m marking
barge moored at the Port of Wilma Dock (see Muir et al. 1995 for details on fish collection,

handling, and tagging). There were 12 releases of hatchery yearling chinook salmon and 11



Table 1. Release groups of PIT-tagged yealjling chinook salmon and steelhead for 1995 survival

studies.
Release Definition
Rp Primary release groups of hatchery fish, Lower Granite Reservoir
Rz, Post-detection bypass treatment release groups, Lower Granite Dam
Cg; Bypass reference release groups, Lower Granite Dam
Ry Turbine Unit 4 treatment release groups, Lower Granite Dam
Cu Turbine Unit 4 bypass system reference release groups, Lower Granite Dam
Dy Turbine Unit 4 draft tube reference release groups, Lower Granite Dam
Rp, Post-detection bypass treatment release groups, Little Goose Dam
Cr: Bypass reference release groups, Little Goose Dam
Rg; Post-detection bypass treatment release groups, Lower Monumental Dam
Cgs Bypass reference release groups, Lower Monumental Dam
Ry Hatchery release groups




releases of hatchery steelhead over the course of the spring migration. Recapture histories from
each group were used in the SR Model to estimate survival for three river sectioﬂs: from release
to Lower Granite Dm tailrace (Sg,), from Lower Granite Dam tailrace to Little Goose Dam
tailrace (Sg,), and from Little Goose Dam tailracé to Lower Monumental Dam tailrace (Sg,)
(Tables 2 and 3, Fig. 2).

Most yearling chinook salmon and steelhead PIT tagged and re}eased in the reservoir for
the primary release groups were kept in net-pens (1.8 x 0.9 x 0.7 m) (Rottiers 1991) for
approximately 24 hours prior to release. However, when insufficient numbers of fish were
captured to complete a release group on a single day, additionai fish were captured and tagged the
following day. Fish captured on the second day to complete a release group were held less than
24 hours prior to reiease. The net-pens were secured beneath the Port of Wilma Dock in a
protected, shaded area, out of the main current. For release, they were towed offshore and into
the main current several hundred meters downstream from the dock. Mortalities were removed,
and the net-pens were rolled over to permit fish to escape. All releases were made between 1100
and 1400 hours.

Gill tissue was sampled from anesthetized fish from most release groups of hatchery
yearling chinook salmon (30 fish per group) for Na’-K* ATPase assays, which were performed by

the National Biological Service (NBS). Sampled fish were returned to their release group.

Post-detection Bypass Paired Release Groups
Paired releases were made at Lower Granite (Rg,, Cg,), Little Goose (Rg,, Cg,), and

Lower Monumental Dams (Rg;, Cg;) (Table 1). The post-detection bypass treatment groups were



Table 2. Definition of parameters estimated from releases.

Parameter Definition
Sri Probability of survival from point of primary release to tailrace of Lower Granite Dam (Lower Granite Dam "reach"
survival). ‘
Sgi Probability of survival from just below slide gate to bypass outfall at Lower Granite Dam (Lower Granite Dam post-
detection bypass survival).
Sa1 Probability of survival from release into. Turbine.Unit 4 to tailrace of Lower Granite Dam (Lower Granite Dam Turbine
Unit 4 survival).
P, Probability of detection at Lower Granite Dam, given that fish survived to Lower Granite Dam.
B8, Vector of slope parameters for covariates affecting survival from primary release point to Lower Granite Dam tailrace.
Sr2 Probability of survival from Lower Granite Dam tailrace to Little Goose Dam tailrace (Little Goose Dam "reach" survival).
S Probability of survival from just below slide gate to bypass outfall at Little Goose Dam (Little Goose Dam post-detection
bypass survival).
P, Probability of detection at Little Goose Dam, given that fish survnved to Little Goose Dam.
B, Vector of slope parameters for covariates affecting survival from Lower Granite Dam tailrace to Little Goose Dam tailrace.
Sg3 Probability of survival from Little Goose Dam tailrace to Lower Monumental Dam tailrace (Lower Monumental Dam
"reach" survival). ,
Sgs Probability of survival from just below sllde gate to bypass outfall at Lower Monumental Dam (Lower Monumental Dam
post-detection bypass survival). _
P, Probability of detection at Lower Monumental Dam, given that fish survived to Lower Monumental Dam.
Bs Vector of slope parameters for covariates affecting survival from Little Goose Dam tailrace to Lower Monumental Dam
’ tailrace.
A Probability that a fish surviving to Lower Monumental Dam tailrace is eventually detected at McNary Dam (includes

McNary Dam “reach" survival and probability of detection at McNary Dam).
Probability of survival from release at hatchery to tailrace of Lower Granite Dam.




Table 3. Parameters estimated from each set of releases.

Set of Par'ameters Model for analysis
releases estimated
Re, Ry, Cpy Sr1, Se1, Py Single-release (Modified if necessary)
8,
Ry, Cay Sa Paired-release (Cothpleté capture history)
R4, Dy Sa Paired-release (Complete capture history)
Rp, Ry, Cpy Sr2, Sz, P2 Single-release (Modified if necessary)
| B2
Rp, Rgs, Cps Sgr3s Sgs, P3 Single-release (Modified if necessary)
B
Sy . Single-release (Modified if necessafy)

Rg; Ray, Cay
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released into the collection channel above the juvenile collection facility at each dam. Fish
successfully diverted back to the river by the slide-gate system became the post-detection bypass
treatment group (R,;l, Rg,, Rgs). Reference groups (Cy,, Cp,, Cp,) Were released into the river
below the dam in the zone where detected fish remixed with nondetected ﬁsh.

Preliminary analyses of recapture histories from these paired tailrace releases were
conducted using the PR Model to determine whether significant mortality occurred between the
time of detection and the time of remixing with nondetected fish. If post-detection inortality was
not significant, primary releases were analyzed using the SR Model; otherwise, the MSR Model
was applied. The post-detection bypass releases at each dam wlere the secondary releases for the
MSR Model.

Analysis of bypass-system releases did not provide an estimate of overall mortality
essociated with the entire route through the juvenile bypass system: fish were not exposed to the
submersible traveling screens, gatewells, or orifice passage into the collection channel. The
purpose of these releases was solely to estixﬁate post-detection bypass mortality.

Only hatchery yearling chinook salmon and hatchery steelhead, determined by the absence
of either adipose or ventral fins, were used for releases at the dams. At each dam, there were five
replications of each set of releases using hatchery steelhead. For hatchery yearling chinook
salmon, there were four replications of paired releases at Lower Granite Dam and five replications
at Lower Monumental Dam. No releases of hatchery yearling chinook salmon were made at
Little Goose Dam.

Fish for releases at dams were obtained from the juvenile collection facility at each

respective dam. Collection, marking, and release procedures were generally the same as those
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used in 1994 (Muir et al. 1995). The collection-channel release hose (7.6 cm x 12.2 m) used at
Lower Granite Dam extended from the intake deck through an opening in Gatewell 6A into

the collection channel with its terminus just below the water surface (Fig. 3). At Little Goose
Dam, the collection-channel release hose (7.6 cm x 12.4 m) extended through an opening in
Gatewell 6C into the collection channel (Fig. 4). At Lower Mpnumental Dam, the release hose

(7.6 cm x 23.8 m) extended through an opening in gatewell 6C (Fig. 5).

Turbine Paired Release Groups

‘Two replicé,ted sets of reieases were made at Lower Granite Dam (R,,, C,,, D,,) to
estimate turbine mortality for hatchery yearling chinoqk salmon (Table 1). Treatment groups
(R,,) were released through hoses directly into the turbine intake using the apparatus installed by
RMC Environmental Sérvices for turbine survival research using balloon tags (Normandeau
Associates, Inc.-and Skalski 1995). Draft tube reference groups (D,,) were released into the _draﬁ
tube on the downstream side of the dam, using the apparatus installed for the RMC balloon-tag
study. Bypass system reference groups (C,,) were released into the outfall pipe of the juvenile
bypass facility.

The turbine treatment, draft tube reference, and downstream reference release groups
were held overnight in 120-L kplastic containers with flow-through water. To maintain an equal
density of about 100 fish per container required 16 containers for the treatment group and 8
containers for each of the reference groups.

‘The turbine-release hose (10.2 cm x 53.3 m) was attached to the submersible traveling

screen (STS) in Slot 4B (Fig. 3). Its terminus was at elevation 183.8 m above sea level. The
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draft-tube release hose was 10.2-cm by 30.5-m and terminated 173.7 m above sea level.
Emergency deck water was used to flush the hoses continually during and after all releases. Fish
were released throughout the day at each release locaﬁoﬁ. At hourly intervals, two containers
were emptied at the ﬁeatment release site and oné container was emptied at each of the two
reference release sites.

The two reference groups were analyzed using the PR Model. If the two groups mixed
evenly during downstream passage and were found to have equal survival and capture parameters,
they were pooled as a single reference group for the turbine release group. If the two reference
releases differed in downstream passage distribution or parameters, the group that had passage
distributions most similar to the treatment group was used as the reference group. Estimates of
turbine-passage survival were obtained using th; PR Model for the tréatment group and the

appropriate reference group.

- Lower Granite Tailrace Release Groups

Both hatchery and wild yearling chinook salmon were PIT tagged and released daily in the
tailrace of Lower Granite Dam as part of a study to compare the rates of adult returns for fish
nﬁgrating in the river versus those transported (trucked or barged) downstream for release below
Bonneville Dam. The goal was to PIT tag a constant proportion of migrants arriving at Lower
Granite Dam throughout the migration season. Té estimate survival probabilities for juvenile
migratipn using these releases, daily tailrace releases were po.oled into weekly release groups.
Survival was estimated for the river section from Lower Granite Dam tailrace to Little Goose

Dam tailrace, and from Little Goose Dam tailrace to Lower Monumental Dam tailrace using the
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SR Model. Some of the pooled release groups had sufficient detections at John Day and
Bonneville Darﬁs to allow estimation of survival from the tailrace of Lower Monumental Dam to
the tailrace of McNary Dam.

Methods for collecting, tagging, and releasing yearling chigook salrﬁon for the
transportation evaluation were similar to those used for our secondary paired releases (Marsh et

al. in prep).
Project Operations

Slide-Gate Qperation

| To divert PIT-tagged fish back to the river, slide-gate systems were operated at Lower
Granite, Little_ Goose, Lower Monuméntal, and McNary Dams (Achord et al. 1992) for the
duration of the study. At Lower Grarﬁ;e Dam, operations began on 29 March,; at Little Goose
and Lower Monumental Dams, on 2 April; and at McNary Dam, on 28 Malrch. Slide-gate or
diversion efficiency (through the end of June) at each dam was determined by comparing the
number of PIT-tagged smolts detected in the bypass system upstream from the slide gate with the

number detected downstream in the same bypass system.

Turbine Load and Spill
Turbine load, spill-gate settings, forebay elevation, and tailrace elevation at the time of
each release of PIT-tagged fish at Lower Granite, Little Goose, and Lower Monumental Dams

were obtained from operators' logs at each project. Daily average flow and spill for each dam
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.equipped with a PIT-tag detection system were obfained from Fish Passage Center weekly

reports. -
Data Analysis

Tagging and detection data were retrieved from the PIT Tag Information System
(PTAGIS) maintained by the Pacific States Marine Fisheries Commission.2 ‘Data were examined
for erroneous records, inconsistencies, and data anomalies. Records were eliminated where
appropriate, and all eliminated PIT-tag codes were recorded with the reasons for their elimination.
For each remaining PIT-tag code, a record ("capture history") was constructed to indicate at
which dams the tagged fish was detected and at which it was not detected. Methods for data

retrieval, database quality assurance/control, and construction of capture histories were the same

as those used in 1994 (Muir et al. 1995).

Tests of Assumptions

| A primary objective of the studies in 1995 was to test the statistical validity of the SR,
MSR, and PR Models as applied to the data generated from PIT-tagged juvenile salmonids in the
Snake River. Validity of the models was tested by evaluating critical assufnptions. Details of the

methods used to test assumptions are in Appendix A.

'Fish Passage Center, Suite 230, 2501 S. W. First Ave., Portland, OR 97201-4752.

?Pacific States Marine Fisheries Commission, PIT Tag Operations Center, 45 SE 82nd
Drive, Suite 100, Gladstone, OR 97207.
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Survival Estimation
| Because there were multiple detection sites downstream from Little Goése Dam, the
"complete capture history" protocol (Burnham et al. 1987) was used to analyze paired releaseé
from Lower Granite and Little Goose Dams. For paired releases from Lower Monumental Dam,»
detections at John Day and Bonneville Dams were insufficient to support thé complete capture
history protocol, therefore the "first capture history" protocol (Burnham et al. 1987) was used.
Under the complete capture history protocol, the probabilify of survival for the passage
route was estimated by applying the SR Model independently to test and reference groups. For
reference groups, survival probability from the point of release to the next downstream dam was
- defined as Sg, and for test groups i; was defined as the product of Sy and the probability of
surviving turbine passa.ge (e.g. S, for Lower Granite Dam turbine releases) or surviving between
the point of detectibn and the remixing zoné (e.g. S, for Little Goose Dam post-detection bypass
releases). The survival probability for the passage route was estimated as the ratio of the
e§ti1nated survival probability for the te;st group to that for the reference group. Under the first
capture history protocol, the probability of survival for the passage route was estimated as the
ratio of the proportion of the treatment group detected at McNary, John Day, or Bonﬁeville Dam
- to the proportion of the reference group deteqed ("relative recovery").
| The 19’95 spring juvenile migration season was the first during which a slide gate was

operating at McNary Dam to return detected PIT-tagged fish to the river. In addition, gatewells
.at John Day Dam and the bypass system at Bonnneville Dam weré sampled for PIT-tagged fish in
1995. Thus, for the first time, it was possible to estimate survival from Lower Monumental Dam

tailrace to McNary Dam tailrace. For groups with sufficient detections at John Day and
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Bonnéville Dams, the capture histories for individual fish were extended by a single digit to
indicafe detection at John Day and/or Bonneville Dam. However, because no paired releases
were made in the bypass System é.t McNary Dam, post-detection survival was assumed to be
100% at McNary Dam.

.‘ Estimates of survival probabilities under the SR, MSR and PR Models are random
variables, subject to sampling variability. When true survival probabilities are close to 1.0 and/or
when sampling variability is high, it is possible for estimates of survival probabilities to exceed
1.0. For practical purposes estimates should be considered équal to 1.0 in these cases.

* When estimates for a particular river section or passage route were available from more
than one release or pairs of releases, the estimates were often combined using a weighted average.
Weights were inversely proportional to.the respectivé estimated variances, thus providing a
weighted average with minimum standard error (Hunter et al. 1982). The formula for the

weighted average was:

(1)

w
i1

where s, is the ith of a total of / survival estimates and w, is the respective weight. The variance

of the weighted average was estimated using the formula:

f: w, (5, -5)°

1a1

(I - 1)2 v,

1-1

Vér(sw) - (2)
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A statistical computer program for analyzing release-recapture data was used to perform
all survival analyses. This program was developed at the University of Washington and named
SURPH, for "Sufvival with Proportional Hazards," (Skalski et al. 1993, Smith et al. 1994). This
program extends the standard Single-Release Models (Cormack 1964, Jolly 1965, Seber .1965) to
allow simultaneous analysis of release-recapture data from multiple release groups. Parameters
can be constrained to be equal across release groups, while other parameters remain unique to a
group. In addition, parameters can be modeled as functions of covariates, on both the individual

(e.g., length) and group level (e.g., release date).

Hatchery Reléases

In 1995, several hatcheries released PIT-tagged fish for experiments designed at the
hatcheries. Data from hatcheéry releases of PIT-tagged fish were analyzed‘ to demonstrate survival
estimation methods using the PIT-tag detection and slide-gate systems for automatic data
collection. In addition, these analyses helped to evaluate the extent to which hatchery releases
corroborated the résults from our primary and secondary releases. In the course of characterizing
the various hatchery releases, preliminary analyses were performed to determine whether data
from multiple releases could be pooled to increase sample sizes. Wé neithe; intended nor
attempted to analyze the experiments for which the hatchery releases were made.

Detections of PIT-taggedA yearling chinook saimon and steelhead were analyzed from the
following hatcheries (Table 4): |

1) Dworshak National Fish Hatchery (United States Fish and Wildlife Service (USFWS)):

Four treatment groups and a control group of approximately 800 PIT-tagged yearling chinook
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Table 4. Releases of PIT-tagged yearlilig chinook salmon and steelhead from Snake River hatcheries during 1995
survival studies.

Number of

[44

‘ . ’ . Number per Total number
Hatchery Release site Date Species N .
releases release released
Dworshak Dworshak NFH 14 Apr Chinook 5 800 4,000
Dworshak Clear C. and 17 Apr Steelhead 2 325 650
Clearwater R. ' |
Dworshak Dworshak NFH 24-28 Apr Steelhead 14 various 4,500
Kooskia Kooskia H 12 Apr Chinook 2 600 1,200
Kooskia .Clear C. 12 Apr Chinook 1 500 500
Lookingglass Imnaha Weir 28 Mar Chinook 10 250 2,500
(Imnaha stock) Imnaha Weir 5 Apr Chinook 3 167 500
Imnaha Weir 24-26 Apr Chinook 4 250 1,000
Lookingglass Lookingglass H 6 Apr Chinook 8 250 2,000
(Rapid R. stock) :
Lookingglass Big Canyon 21 Apr Chinook 1 114 114
(Irrigon stock)
McCall Knox Bridge 6-7 Apr Chinook 12 various 6,300
- Knox Bridge 19 Apr © Chinook 2 400 800
Knox Bridge 24 Apr Chinook 1 400 400




€

Table 4. Continued.

Number of  Number per

Total number

Hatchery Release site Date Species . .
releases release released
Rapid River Rapid River H 31 Mar Chinook 2 500 1,000
Rapid River H 31 Mar Chinook 2 500 1,000
Hell's Canyon 30 Mar Chinook 1 500 500
Pahsimeroi Pahsimeroi Pond 12 Apr Chinook 1 500 500
Sawtooth Sawtooth H 5-7 Apr Chinook 3 500 1,500
Sawtooth Salmon R and © 27-28 Mar Chinook 5 " various 1,300
East Fork Salmon R

* Approximate numbers.



salmon each were released from Dworshak NFH on 14 April as part of an evaluation of a new
antibiotic treatment. About 4,500 PIT-tangd steelhead were released from Dworshak NFH from
24 to 28 April, and releases of about 300 PIT-tagged steelhead each were made into the

* Clearwater River and Clear Creek on 17 April.

2) Kooskia National Fish Hatchery (USFWS): Releases of PIT-tagged yearling chinook
salmon were made on 12 April. Two releases of 600 fish each were made at the hatchery, and
one release of 500 fish was made into Clear Creek. |

3) Lookingglass Hatchery (Oregon Department of Fish and Wildlife (ODFW)): |
Approximately 2,000 PIT-tagged yearling chinook salmon (Rapid River stock) were released
from the hatchery on 6 Apﬁl. Releases of PIT-tagged yearling chinook salmon (Imnaha stock)
were made at the Imnaha Weir on 28 March, 5 April, and 24-26 April, with about 2,500, 500, and
1,000 tagged fish during each period, respectively. An additional 114 PIT-tagged yearling
chinook salmon (Irrigon stock) were released at Big Canyon on 21 April.

4) McCall Hatchery (Idaho Department of Fish and Game (IDFG)): Releases of 400 to
800 PIT-tagged yearling chinook salmon were made on 7, 19, and 24 April as part of a time-of-
release study, and 1 group of about 2,800 was released on 6 April for an adult evaluation. Two
groﬁps of approximately 1,000 fish each were released on 7 April; one group was PIT tagged by
hand, while the other using an auto-injector. Two other groups of 500 and 600 PIT-tagged
yearling chinook weré also released on 7 April for supplementation studies and PIT-tag training.

'5) Rapid River Hatchery (IDFG): Two groups of approximately 1,000 PIT-tagged

yearling chinook salmon each were released on 31 March, with one group PIT té.gged by hand
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and the other PIT tagged using an auto-injector. An additional group of 500 was released in Hells
Canyon on 30 March.

6) Sawtooth Hatchery (IDFG): Approximately 800 PIT-tagged yearling chinook salmon
were released on 27 March in the Salmon River and about 500 on 28 March in the East Fork of
the Salmon River. An additional group of 1,500 was released from the hatchery between 5 and 7
April | -

7) Pahsimeroi Hatchery (IDFG): .A single release from a hatchery pond of about 500 PIT-

tagged yearling chinook salmon was made on 12 April.

For each hatchery, each set of releases was examined to determine suitability for survival
analysis. The Single-Release Model was applied to each pooled data set to estimate the same
probabilities as for our primary releases (Fig. 2, Tables 2 and 3). Survival estimates were not
calculated for release§ of PIT-tagged hatchery and wild chinook salmon parr because release and

detection numbers were too small.

Fish Trap Relevases

During the 1995 juvenile salmonid migration season, fish traps were operated by the Smolt
Monitoring Program at sites on the Salmon (RKm 926), Snake (RKm 747) and Clearwater (RKm
756) Rivers. Throughout the season, samples of daily catches of hatchery and wild chinook
salmon and steelhead at the traps were PIT tagged and released. Fish of each species and rearing
tyﬁe released from each trap in the period during which we made our primary releases at the Port
of Wilma were pooled into a single release group. Survival probabilities were estimated for the

pooled groups.
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Travel Time

Travel times were calculated for fish from pﬁmary releases through four river sections: 1)
Port of Wilma to Lower Granite Dam, 2) Lower Granite Dam to Little Goose Dam, 3) Little
Goose Dam to Lower Monumental Dam, and 4) Lower Monumental Dam to McNary Dam.
Travel time from Port of Wilma to Lower Granite Dam was calculated for each fish detected at
Lower Granite Dam as the numiaer of days between the time of release and the. tin.le of first
detection at Lower Granite Dam. Travel time between any two dams was calculated for each fish
detected at both dams as the number of days between last detection at the upstream dam and first
detection at the downstream dam. Travel time included the time requried to move through the
reservoir to the forebay of the downstream dam and any delay associated with residence in the
forebay before entry into the bypass system.

To facilitate comparisons among the four river sections, rate of migration in each sectiqn
(kilometers per day) was also calculated. Lengths of the river sections are 49 km from Port of
Wilma to Lower Granite Dam, 60 km from Lower Granite Dam to Little Goose Dam, 43 km from
Little Goose Dam to Lo§ver Monumental Dam, and 119 km from Lower Monumental Dam to |
McNary Dam. Rate of migration through a river section was calculated as the length of the
section (km) divided by the travel time (days) (which included any delay ét dams as noted above).
The minimum, 20th percentile, median, 80th percentile, and maximum travel times and migration
rates were determined from the distributions for each release group.

- The complete set of travel times for a release group includes travel times of both detected

and undetected fish. However, using PIT tags, travel times cannot be determined for fish that
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traverse a river section but are not detected at one or both ends of the section. Thus, travel time
statistics were computed from travel times for detected fish only, representing a sample of the
complete set. |

During 1995, substantial spill volumes 6ccurred at all dams, resuiting in lower detection
rates. Some release groups had fish passing Lower Granite Dam both before and after large spill
volumes began at that site on 4 May. Spill volumes also increased at Lower Monﬁmental gnd
L;[cNary Dams a.r;und the same date. Fof these groups, the faster migrants (early part of the
passage distribution) were sampled more heavily than the slower migrants (late part of the
distribution) because detection rates were higher under lighter spill. Thus, the distributions of
observgd travel times for these groups were biased toward shorter travel times, or faster migration

rates. Travel time distributions were not biased for release groups that passed dams entirely

before spill began or entirely after spill began.
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RESULTS
Logistics and Feasibility

Lower Granite Reservoir

Purse seining in Lower Granite Reservoir near the Port of Wilma began on 8 April and
continued untg 12 May;“'wfti two to seven sets made each day by the two purse seiners (Table 5).
On several dates, purse seining was conducted about 10 km downstream near Silcott Island, and
fish transported back upstream for marking. Species composition varied by time of day, with the
highest percentage of chinook salmon captured near dawn. Steelhead were the predominant
species during daylight hours. The time of purse-seining effort was bédjusted to target whichever
species was needed for tagging each day. When fish in excess of those needed for tagging were
captured, they were released without handling.

A total of 15,469 yearling chinook salmon were captured and handled in Lower Granite R
Reservoir, ar;d 91 .8% of these were fin clipﬁed, indicating hatchery origin. Of the 16,921 juvenile
steelhead captured and handled, 94.2%’were of hatchery origin (Table 5). An additional 41 adult
steelhead and 1 adult chinook salmon were also captured (Table 6). Handling mortality was low
for all species in Lower Granite Reservoir, averaging less than 0.2% overall (Table 5).

The number of nohs_almonids (669) captured by purse seine in the reservoir was small

' (Table 6) compared to the number of salmonids (32,401).
‘Atotal of 11,051 hatchery yearlihg chinook salmon and 11,120 hatchery steelhead were -

tagged for the primary releases. There were 12 groups of hatchery yearling chinook salmon
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Table 5. Number of juvenile salmonids captured by purse seine in Lower Granite Reservoir near
Clarkston, Washington, 1995. Abbreviations: H-hatchery; W-wild. -

Chinook salmon Steelhead ‘Sockeye
Date Sets H \" H w salmon Total
8 Apr 3 1,258 75 0 15 0 1,348
10 Apr 4 469 . 58 3 51 0 581
11 Apr 5 315 46 18 50 0 429
13 Apr 2 149 24 40 15 0 228
14 Apr 2 1,069 20 61 2 0 1,152
17 Apr 4 316 21 115 11 0 463
18 Apr 5 263 21 132 20 0 436
19 Apr 3 144 28 115 4 0 291
20 Apr 4 557 43 952 6 0 1,558
21 Apr 2 214 25 1,135 7 1 1,382
22 Apr 4 1,256 101 482 2 1 1,842
23 Apr 3 59 1 1,011 5 0 1,076
24 Apr 2 966 61 343 3 1 1,374
25Apr . 3 649 54 1,219 17 0 1,939
26 Apr 2 364 33 . 1,328 . 1 3 1,729
27 Apr 6 1,685 65 1,290 46 1 3,087
28 Apr 3 1,076 67 140 2 0 1,285
29 Apr 4 429 50 © 1,260 - 76 2 . 1,817
30 Apr 2 778 51 276 12 0 1,117
1 May 3 1,320~ 203 1,198 83 0 2,804
2 May 5 245 31 602 53 1 932
3 May 5 299 43 1,055 103 0 1,500
4 May 4 74 11 .59 6 1 151
5 May 7 68 15 1,245 181 0 1,509
8 May 3 124 67 351 33 0 575
9 May 2 24 20 . 530 61 0 635
10 May 4 21 18 568 57 0 664
11 May 3 7 6 260 - 31 0 304
12 May 2 7 6 149 31 0 193
Total -~ 101 14,205 1,264 15,937 984 11 32,401
% Mortality 03 -~ 0.0 0.1 0.0 0.0 0.2
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Table 6. Number of nonsalmonids, adult chinook salmon, and adult steelhead captured by purse seine
in Lower Granite Reservoir near the Port of Wilma and Silcott Island, 1995.

Portof Wilma ~ Silcott Island Total
8 April - 15 May 22 April - 3 May 8 April - 15 May
89 purse-seine sets 14 purse-seine sets 103 purse-seine sets
Adult chinook salmon 1 0 1
Adult steelhead 36 5 41
Chiselmouth . 4 0 4
Peamouth 13 0 13
Northern squawfish 8 1 9
Black crappie 299 , 258 557
Largescale sucker - 21 1 22
Carp 22 0 22
All species 404 | 265 669
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released between 9 April and 5 May and 11 groups of hatchery steelhead released between 22
April and 12 May.

Fish were in excellent coﬁdition, as indicated by the low mortality and small percentage
rejected for tagging. Only 62 (0.4%) of 14,205 fin-clipped chinook salmon and 33 (0.2%) of
| 15,937 fin-clipped steelhead captured were rejected because of descaling or because they were
previously PIT tagged. Overall mortality in the reservoir (hahdling and post-tagging combined)
averaged 0.3% for hatchery yearling chinook salmon and 0.1% for hatchery steelhead (Table 5).
One or 2 days of purse seining were needed to capture ﬁsh for each release groﬁp. After PIT

tagging, fish were held from 4 to 29 hours before release.

Lower Granite Dam
Fish for post-detection releases were PIT tagged at Lower Granite Dam from 17 April to
16 May. A total of 14,964 hatchery yearling chinook salmon, 6,075 wild yéaijling chinook
salmon, 27,708 hatchery steelhead, and 1,443 wild steelhead were handled (Table 7). Mortality
from handling and tagging averaged 1.9% for hatchery yearling chinook salmon, 0.7% for wild
yearling chinook salmon, 0.1% for hatchery steelhead, and 0.0% for wild steelhead (Table 7). |
Between 9 April and 1 July, a fotal of 104,296 hatchery yearling chinook salmon and
31,783 wild yearling chinook salmon were PIT tagged at Lower Granite Dam and released in
Lower Granite Dam tailrace as part of a study to compare adult returns of fish that migrated
' tﬁrough the hydropower systexh versus those that were transported around it. Information on the
number of fish handled and marking/handling mortality can be found in the.transportation

evaluation annual report (Marsh et al. in prep.).
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Table 7. Number of fish handled and mortalities at Lower Granite Dam during PI’I'tagging.for
1995 survival studies.

Hatchery chinook Wild chihook Hatchery steelhead Wild steelhead

Tag date Handled Mort. . Handled Mort. Handled Mort. Handled Mort.

17 Apr 1,801 12 1,804 1 530 0 296 0
19 Apr 3,536 61 1,545 9 1,460 0 199 0
20 Apr 2,308 50 836 23 1,166 0 136 0
21 Apr 3,437 32 - 988 4 1,589 0 130 0
27 Apr 0 0 0 0 1,605 0 0 0
1 May 0 0 0 0 1,618 3 0 0
4 May 0 0 0 0 1,577 4 0 0
8May 2,035 94 428 3 8,159 4 263 0
9 May 0 0 0 0 1,634 1 0 0
15May 1,812 36 421 2 6,674 4 340 0
16 May 35 1 53 0 1,696 2 79 0
Total 14,964 286 6,075 42 27,708 18 1,443 0’
% Mortality 1.9 0.7 ' 0.1 0.0
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- Target numbers of PIT-tagged fish for each release at Lower Gfanite Dam were met on
most release dates. However, for hatchery chinook salmoﬁ only four post-detection bypass and
two turbine releases were madé because of a lack of fish availability due to ngeds for fish for other
concurrently conducted research. Releases of hatchery yearling chinook salmon were made
primarily during the early and later parts of the hatchery chinook salmon migration, whilé releases
of hatchery steelhead were made during the middle part of the hatchery steelhead migration

(Fig. 6).

Little Goose Dam

Fish were PIT tagged at Little Goose Dam from 8 to 26 May. A total c;f 3,961 hatchery
yearling .chinook salmon, 666 wild yearling chinook salmon, 8,356 hatchery steelhead, and 465
wild steelhead were handled (Table 8). Mortality from handling and tagging averaged 0.8% for
hatchery chinook salmon, 0.6% for wild yearling chinook salmon, 0.4% for hatchery steelhead,
and 0.2% for wild steelhead (Table 8). | |

No releases of chinook salmon were made. Target numbers of PIT-tagged hatchery
steelhead for each release at Little Goose Dam were met on most release dates. Releases were

made during the middle and latter half of the migration (Fig. 7).

Lower Monumental Dam
Fish were PIT tagged at Lower Monumental Dam from 3 to 30 May. A total of 15,021
hatchery yearling chinook salmon, 3,385 wild yearling chinook salmon, 17,876 hatchery

steelhead, and 1,648 wild steelhead were handled (Table 9). Mortality from handling and tagging
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'Figure 6. Yearling chinook salmon and steelhead passage at Lower Granite Dam during 1995
survival studies. Letters indicate paired releases (test and reference) for post-detection
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Table 8. Number of fish handled and mortalities at Little Goose Dam dunng PIT tagging for
1995 survival studles

Hatchery chinook Wild chinook ~ Hatchery steelhead Wild steelhead

Tag date Handled Mort. Handled Mort. Handled Mort. Handled Mort.

8 May 451 10 53 2 1,515 8 44 0
11May 324 7 45 0 . 1,921 13 87 0
15May 576 3 67 1 1,788 2 92 0
21 May 1,094 5 162 0 1,558 . 10 126 1
26May 1,516 7 339 1 1,574 4 116 0
Total 3,961 32 666 4 8.356 37 465 1
% Mortality 0.8 0.6 0.4 T 02
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Figure 7. Yearling chinook salmon and steelhead passage at Little Goose Dam during 1995
survival studies. Letters indicate paired releases (test and reference) for post-detection
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Table 9. Number of fish handled and mortalities at Lower Monumental Dam during PIT tagging for
1995 survival studies. : :

Hatchery chinook Wild chinook Hatchery steelhead Wild steelhead

Tag date Handled Mort. Handled Mort. Handled Mort. Handled Mort.

3May 2,870 17 509 4 1,297 2 56 0
6May 2,146 14 714 3 716 1 247 0
9 May 852 5 406 0 1,751 0 337 0
12May 1,385 8 219 3 3,185 5 159 0
14 May 1,639 19 324 2 1,637 1 303 0
16 May 1,196 8 147 2 1,853 9 63 0
18 May 1,383 10 245 0 2,114 15 66 0
20 May 1,782 4 317 0 1,203 1 252 0
25May 1,154 0 277 0 1,975 11 95 0
30 May 614 0 227 0 2,145 15 70 0
Total 15,021 85 3,385 14 17,876 60 1,648 0
% Mortality 0.6 0.4 0.3 0.0
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averaged 0.6% for hatchery chinook salmon, 0.4% for wild yearling chinook salmon, 0.3% for
hatchery steelhead, and 0.0% for wild steelhead (Table 9).

Target numbers of PIT-tagged fish for each release at Lower Monumental Dam were met
on most releasé dates. Hatchery Yearling chinook salmon releases were made during the middle
of the migration, while hatchery steelhead releases were made during the lattef half of the

hatchery steelhead migration (Fig. 8).

Tag Retention

PIT-tag retention was 100% fof both yearling chinook salmon and steelhead held in
Lower Granite Reservoir and at Lower Monumental Dan.l (Table 10). Tag retention was not
measured at Lower Granite or Little Goose Dams during 1995. Because of the hlgh tag-retention
rate, no adjustments were made to the release numbers, and this resulted in very slight

underestimation of the true survival probability.
Project Operations

Slide-Gate Operatiop
Between 29 March and 1 July, 55,593 PIT-tagged salmonids (all species) were detected at
Lower Granite Dam. Of these, 47,899 (86.2%) were bypaésed back to the Snake River by the
slide-gate diverter system (Table 11). The remainder were either missed by the 'slide gate and
transported (10.9%), removed prior to reaching the sﬁde gate for the Smolt Monitoring Program

(SMP) sample (1.6%), or were not detected again and their fate unknown (1.3%).
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_Table 10. Tag retention for hatchery yearling chinook salmon and steelhead PIT tagged in Lower
Granite Reservoir (Res) and Lower Monumental Dam (LMO) during April and May,
1995. Fish were scanned for PIT tags after being held for 24 hours.

X . Number Number Retention
Locati S Tag dat
ocation Species ag date held untagged %)

Res Chinook 26 Apr 50 0 100.0
Res Chinook 2 May 50 0 100.0
Res Steelhead 29 Apr 50 0 100.0
Res Steelhead 10 May 50 0 . 100.0
LMO  Chinook 15 May 55 0 100.0
LMO Steelhead 30 May 65 0 100.0
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Table 11. Number of PIT-tagged juvenile salmonids detected and diverted at Lower Granite (LGR
Little Goose (LGO), Lower Monumental (LMO), and McNary (MCN) Dams during the
1995 migration (up to 1 July). Diverted fish were returned to the Snake or Columbia
River; fish in the raceways and sample were transported out of the study area.

Total Diverted Raceways Sample Unknown
Dam  detected Number (%) Number (%) Number (%) Number (%)

Yearling chinook salmon

LGR 30,217 25,609 (84.8) - 3,731 (123) 548 (1.8) 329 (1.1)
LGO 67,956 56,630 (83.3) 8,560 (12.6) 1,557 (2.3) 1,209 (1.8)
LMO 71,778 | 67,836 (94.5) 1,996 (2.8) 1,722 (24 224 (0.3)
MCN 51,463 . 25,329 (49.2) 394 (0.8) 362 (0.7) 25,378 (49.3)
Steelhead .

LGR 23,757 21,120 (88.9) 2,192 (9.2) 290 (1.2) 155 (0.7)
LGO 16,160 13,357 (82.7) 2,334 . (144) 347 (2.1) 122 (0:8)
LMO 23,990 22,793 (95.0) 441 (1.8) 703 (2.9) 53 (02
MCN 8,961 3,639 (40.6) 8 (0.1) 1 (0.0) 5313 (59.3)
All species :

LGR 55,598 47,899 (86.2) 6,080 (10.9) 883 (1.6) 736 (1.3)

LGO 86274 71,439 (82.8) 11,040 (12.8) 1,938 (22 1,857 (2.2)
LMO 99240 93,264 (94.0) 2,520  (2.5) 2422 (2.4) 1,034 (1.0)
MCN 62,677 30,136 (48.1) 407 (0.6) 380 (0.6) 31,754 (50.7)
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At Little Goose Dam, 86,274 PIT-tagged salmonids were detected, with 71,439 (82.8%)
bypassed back to the Snake River by the slide-gate diverter system (Table 11). The remainder
were either missed by the slide gate and transported (12.8%), removed prior to passing the slide
gate as part of the SMP sample (2.2%), or were not detected again and their fate unknown
(2.2%). |

At Lower Monumental Dam, 99,240 PIT-tagged salmonids Were detected, with 93,264
(94.0%) bypassed back to the Snake River by the slide-gate diverter system (Table 11). The
remainder were either missed by the slide gate and transported (2.5%), removed prior to passing
the slide gate as part of the SMP sample (2.4%), or were not detected again and their fate
unknown (1.0%).

At McNary Dam, 62,677 PIT-tagged salmonids were detected, with 30,136 detectéd as
they were bypassed back to the Columbia River by the slide-gate diverter system (Table 11).
However, detectors on the return-to-river line at McNary Dam were off from 16 May until 20
June. Almost all of the fish passing during this period were returned to the river without being
detected beyond the separator-gate detector. For purposes of survival estimation, all fish detected
by the separator-gate detector but not by any other detector ("unknownfate" in Table 11) during
this period were assumed to have returned to the river. During the period when‘the detector
operated, 1.2% of the detected fish were either missed by the slide gate and transported or
removed prior to passing the slide gate as part of the SMP sample.

Slide-gate efficiencies less than 90% at Lower Granite and Little Goose Dé.ms were due in

part to reduced reading efficiency of the new Destron/Fean'ng PIT tags used during 1995. The
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problem was identified on 19 April. By 1 May, interrogation systems at all detection sites were

adjusted to increase slide-gate efficiency.

. Turbiﬁe Load and Spill

PIT-tagged hatchery yearling chinook sﬂhon and hatchery steélhead releases occurred at
Lower Granite Dam during variable powerhouse discharge levels both before and after large spill.
volumes began on 4 May (Table 12, Fig. 6). Turbine operation in Unit 4 was set at 135 MW
(within 1% of peak turbine efficiency curve) during turbine releases.

At Little Goose Dam, releases of PIT-tagged hatchery steelhead were made during
variable powerhouse discharge and spill levels (Table 13, Fig. 7). At Lower Monumental Dam,
hatchery yearling chinook Salmon and hatchery steelhead releases were made during variable

- powerhouse discharge and spill levels (Table 14, Fig. 8).

Data Analysis -

Database Quality Assuran_ce/Control

Of the total of 32,408 hatchery yearling chinook salmon records in tagging files, 600
records were eliminated because fish were transported from the daxﬂ at which they were released
(collection channel releases). Of the remaining 31,808 fish, 223 (0.7%) were eliminated Because
of handling mortality and 59 (0.2%) because of observation record anomalies. Of a total of
35,107 hatchery steelhead records in tagging files, 1,735 were beliminated because fish were
transported from the dam at which they were released (collection channel relegses). Of the

remaining 33,372 fish, 78 (0.2%) were eliminated because of handling mortality and 59 (0.2%)
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Table 12. Conditions at Lower Granite Dam during collection channel and reference releases of

PIT-tagged hatchery yearling chinook salmon and steelhead during 1995. Daily average‘
spill in parentheses. '

Turbine discharge ~Spill  Forebay Tailrace

Date (kcfs) | (kcfs) elevation (ft) elevation (ft)

- Chinook salmon, colléction channel releases

18 Apr 63.7 0.0 (0.0) 7333 635.5
21 Apr 642 0.0 (0.0) 7333 634.6
9 May © 1187 1.4 (22.0) 733.5 636.5
16 May 1004 0.0 (21.9) 733.5 638.3

Chinook salmon, reference releases

18 Apr 63.7 0.0 (0.0) 7333 635.5
21 Apr 60.5 00 (0.0) 7333 634.4
9 May 117.4 43 (22.0) 7334 6364
16 May 97.2 0.0 (21.9) 733.4 16382

Steelhead. collection channel releases

28 Apr 73.7 0.0 (0.0) 733.5 634.3
2 May 90.2 0.0 (0.0) 733.5 635.2
5May 99.4 0.0 (21.7) 733.2 635.5
10 May 113.8 0.0 (21.9) 733.2 636.2

17 May 94.0 0.0 21.7) 733.2 638.2

Steelhead, reference releases .
28 Apr 73.0 0.0 (0.0) 733 .4 634.4

2 May 89.2 0.0 (0.0 733.4 635.2
5 May 93.8 0.0 (21.7) 733.2 635.2
10 May 113.2 0.0 (21.9) 733.2 636.1
17 May 94.6 0.0 (21.7) 733.5 638.4




Table 13. Conditions at Little Goose Dam during collection channel and reference releases of
PIT-tagged hatchery steelhead during 1995. Daily average spill in parentheses.

Turbine discharge Spill Forebay Tailrace

Date (kefs) (kefs)  elevation (ft) elevation (ft)

Steelhead, collection channel releases

9 May 98.9 20.3 (35.0) 633.5 539.3
12 May 9406.0 0.0 (24.7) 636.2 540.6
16 May - 982 00 (252) . 6371 540.2
22 May 77.0 382 (38.5) 637.3 539.2

27 May 1042 0.0 (2.9 636.8 540.2

Steelhead. reference releases

9 May 815 25.8 (35.0) 633.6 5387
12 May 35.8 50.8 (24.7) 636.6 539.4
16 May 53.7 492 (25.2) 637.1 539.3 .
22 May 77.4 38.2 (38.5) 637.3 539.3
27 May 104.7 0.0 (2.9) 6367 5402
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Table 14. Conditions at Lower Monumental Dam during collection channel and reference releases of

PIT-tagged hatchery yearling chinook salmon and steelhead during 1995. Daily average
spill in parentheses.

Turbine discharge - Spill Forebay Tailrace

Date (kcfs) (kcfs) elevation (ft) elevation (f)

Chinook salmon. collection channel releases

4May 99.4 0.0 (18.1) 5382 4425
7 May 103.8 10.2 (24.6) 537.6 442.8
11 May 1023 16.1 (23.8) 537.5 443.1
15 May 67.0 19.3 (18.5) 539.0 441.5
21 May 86.9 25.5 (24.9) 5382 4428

Chinook salmon, reference releases

4 May 94.3 0.0 (18.1) 5384 4423
7 May 103.4 14.7 (24.6) 5375 443.0
11 May 63.0 36.1 (23.8) 538.2 441.4
15 May 66.9 18.9 (18.5) 539.1 441.5
21 May 884 25.5 (24.9) 538.2 442.7

Steelhead. collection channel releases

13 May 102.9 18.5 (23.2) 539.0 443.1
17 May 83.9 197 (18.6) - 539.5 4425
19 May 885 190 (2L.1) 538.9 4425
26 May 110.2 0.0 (4.5 538.9 442.4
31May 1073 14.0 (10.8)

Steelhead, reference releases :
13 May 843 18.4 (23.2) - 539.1 4422

17May 85.5 194 (18.6) 5393 442.6
19 May 88.3 19.0 (21.1) 538.8 442.6
26 May 107.8 0.6 (4.5) 539.0 442.4
31 May 107.9 17.1 (10.8) 538.7 443 .4

46



because of observation record anomalies. A complete record of fish eliminated from each release

group can be found in Appendix Tables B.1 through B.8.

Tests of Assumptiohs

While assumptions of the SR and MSR Models were generally met by most releases, there
were more assumption violations in 1995 than in 1993 or 1994 (see Appendix A for detailed
results). The problems appeared related to a difference in time required to pass dams for detected
and nondetected fish. A large portion of nondetected fish presuinably passed via spillways when
that route was available. Travel time data suggested that fish passing via spill passed faster than
fish passing via the bypass system at Lower Granite Dam, and especially at Little Goose

Dam.

Survival Estimation — Primary Releases |

Surviva.l estimates for primary releases of ﬁatchery yearling chinook salmon from the Port
of Wilma to Lower Granite Dam tailrace ranged from 0.892 to. greater than 1.0 (Table 15). The
weighted average of the 12 survival estimates was 0.927 (s.e. 0.006). The weighted average
survival estimate for Lower Granite Dam tailrace to Little Goose Dam tailrace was 0.900 (s.e.
0.015). The weighted average s@vﬂ estimate from Little G605e Dam tailrace to Lower

Monumental Dam tailrace was 0.939 (s.e. 0.016).
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Table 15. Estimates of survival probabilities for hatchery yearling chinook salmon released near the Port of Wilma.
Estimates based on the Single-Release Model. Standard errors in parentheses. Abbreviations: LGR-Lower Granite Dam;
LGO-Little Goose Dam; LMO-Lower Monumental Dam.

Release to LGR LGR to LGO LGO to LMO

Release Date (Sa) . (Sed) (Sw) Release to LMO
Ry, 9 Apr 0.967 (0.029) 0.801 (0.043) 0.974 (0.072) 0.754 (0.047)
Ry, 11 Apr 0.938 (0.029) 0.856 (0.055) 0.954 (0.083) 0.766 (0.054)
Ry, 15 Apr 0.927 (0.026) 0.952 (0.051) 1.034 (0.089) 0.913 (0.066)
Ry, 18 Apr 0.892 (0.035) 0.875 (0.071) 0.899 - (0.099) 0.702 (0.061)
Rps 20 Apr 0.904 (0.026) 0.931 (0.053) ~  0.899 (0.074) 1 0.757 (0.050)
Ryps 23 Apr 0.920 (0.019) 0.956 (0.038) 0.905 (0.053) 0.796 (0.038)
Ry, 25 Apr 0.916 (0.020) 0.899 (0.037) 0.895 (0.053) 0.737 (0.036)
Rpe 27 Apr 0.909 (0.023) 0913 (0.039) 1.044 (0.069) 0.866 (0.050)
Rpg 29 Apr 0.956 (0.030) 0.860 (0.045) 0.980 (0.069) 0.806 (0.048)
Rpio 1 May 0.952 - (0.028) 0.943 (0.049) 0.911 (0.062) 0.818 (0.043)
Rpys 3May . 00950 (0.059) 0.953  (0.104) 0.878 (0.117) 0.795 (0.077)
Ry 5 May 1.013  (0.125) 0.743 (0.137) ° 0.916 (0.179) 0.689 (0.110)
Pooled’ 0.927 (0.006) 0900 (0.015) 0.939 (0.016) 0.785 (0.015)

* Pooled estimates are weighted averages of the independent estimates, with weights inversely proportional -
to the respective estimated variances.



Survival estimates for primary releases of hatchery steelhead from the Port of Wilma to
Lower Granite Dam tailrace ranged from 0.894 to 0.947 with weighted average of 0.916
b(s.e. 0.0045 (Table 16). The weighted average survival estimates from Lower Granite Dam
tailrace to Little Goose Dam tailrace aﬁdfrom Little Goose Dam tailrace to Lower Monumental
Dam tailrace were 0.909 (s.e. 0.009) and 0.948 (s.e. 0.019), respectively.

| The product of the three survival probability estimates provided an estimate of the
- probability of cumulative survival from release near the Port of Wilma to Lower Monumental
Dam tailrace. The weighted average estimates were 0.785 (s.e. 0.615) and 0.796 (s.e. 0.012) for
hatéhery yearling chinook salmon and hatchery steelhead, respectively (Tables 15 and 16).

Detection rates at Little Goose and Lower Monumental Dams were affected in 1995 by
the spill progrdm (Tables 17 and 18). Detection rates at Lower Granite Dam decreased later in
the season as spill increased. Detection rates for hatchery steelhead at Lower Granite Dam were
as high'as 0.851 (s.e. 0.012) before spill began, and dropped to as low as 0.504 (s.e. 0.020)
during the spill program. The chief effect of lower detection rates on the SR and MSR Models
was decreased precision in estimating survival probabilities.

The weighted average survival estimate for passage of hatchery yearling chinook salmon
through Turbine Unit 4 at Lower Granite Dam was 0.927 (s.e. 0.027) using the draft tube reléas'e
as the reference (Table 19). The bypass outfall reference group did not mix evenly with the

treatment group and was not used.
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Table 16. Estimates of survival probabilities for hatchery steelhead released near the Port of Wilma. Estimates based on
the Single-Release Model. Standard errors in parentheses. Abbreviations: LGR-Lower Granite Dam; LGO-Little
Goose Dam; LMO-Lower Monumental Dam.

Release Date Release to LGR LGR to LGO LGO to LMOV Release to LMO
(Sr1) (Sra) (Sr3)
Ry, 22 Apr 0913 (0.011) 0880 (0.031). 0.960 (0.054) 1 0.771 (0.036)
Rp, - 24 Apr 0.923 (0.012) 0.905 (0.033) 0.939 (0.059) 0.784 (0.042)
Ryps 26 Apr 0917 (0.010) 0.907 (0.026) 0.911 (0.044) 0.758 (0.031)
Rypq 28 Apr 0.904 (0.011) 0.885 (0.029) 1.058 (0.068) 0.846 (0.049)
Rps 30 Apr 0.894 (0.012) 0.915 (0.029) 1.008 (0.056) 0.825 (0.040)
Rps 2 May 0.935 (0.019) 0.875 (0.036) 0.981 (0.064) 0.803 (0.044)
Ry, 4 May 0.907 (0.020) 0.948 (0.045) 0.906 (0.065) 0.779 (0.043)
Rps 6 May 0.924 (0.017) 0.926 (0.035) 1.063 (0.072) 0.910 (0.052)
Rpo 9May 0.947 (0.020) 0.905 (0.038) 0.920 (0.055) 0.788 (0.036)
Rpp 11 May 0.942 (0.019) 0.984 (0.039) 0.862 (0.052) 0.799 (0.037)
Ry, 12 May 0.910 (0.048) 0.959 (0.094) 0.841 (0.138). 0.734 (0.098)
Pooled’ 0916 (0.004) 0.909 (0.009) 0.948 (0.019) 0.796 (0.012)

* Pooled estimates are weighted averages of the independent estimates, with weights inversely proportional
to the respective estimated variances.
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Table 17. Estimates of detection probabilities for hatchery yearling chinook salmon released near the Port of Wilma.
Estimates based on the Single-Release Model. Standard errors in parentheses. Abbreviations: LGR-Lower
Granite Dam; LGO-Little Goose Dam; LMO-Lower Monumental Dam.

Release Date LGR (P)) LGO (P, LMO (Py)
Rpy 9 Apr 0.428 (0.019) 0360 (0.022) 0.378 (0.030)
Rp, 11 Apr - 0.496 (0.024) 0317 (0.026) 0.390 (0.035)
Rps 15 Apr 0.421 (0.019) 0323 (0.021) 0.342 (0.031)
Ry, 18 Apr 0.491 (0.029) 0305 (0.031) 0.410 (0.045)
Res 20 Apr 0.524 (0.024) 0374 (0.028) 0.472 (0.040)
Rps 23 Apr 0.518 (0.018) 0.380 (0.020) 0.467 (0.029)
Ry, 25 Apr 0.507 (0.018) 0.406 (0.021) 0.475 (0.030)
Rps . 27 Apr 0.439 (0.018) 0.386 (0.021) 0.435 (0.032)
Rps 29 Apr 0.376 (0.019) 0.388 (0.023) 0.444 (0.034)
Rpio 1 May 0374 (0.018) 0.344 (0.021) 0.474 (0.032)
Reyy 3 May 0.315 (0.030) 0271 (0.033) 0.432 (0.053)

Rpp, 5 May 0307 (0.057) 0395 (0.069) 0.653 (0.142)
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Table 18. Estimates of detection probabilities for hatchery steelhead released near the Port of Wilma.

Estimates based on the Single-Release Model. Standard errors in parentheses. Abbreviations: LGR-Lower

Granite Dam; LGO-Little Goose Dam; LMO-Lower Monumental Dam.

Release Date LGR (P) LGO (P, LMO (Py)
Rp, 9 Apr 0.843 (0.014) 0.389 (0.021) 0.577 (0.036)
Ry, 11Apr 0.814 (0.015) 0.422 (0.023) 0.576 (0.042)
Rps 15 Apr 0851 (0.012) 0.451 (0.020) 0.642 (0.035)
Rpq 18 Apr 0.848 (0.013) 0.444 (0.021) 0.504 (0.038)
Rps 20 Apr. 0.775 (0.015) 0.449 (0.021) 0.581 (0.038)
Ryps 23 Apr 0.547 (0.018) 0.414 (0.022) 0.538 (0.039)
Ry, 25 Apr 0.549 (0.019) 0.365 (0.023) 0.562 (0.042)
Rps 27 Apr 0.539 (0.017) 0.441 (0.021) 0.536 (0.042)
Rpo 29 Apr 0.527 (0.020) 0.407 (0.023) 0.677 (0.042)
Reo 1 May 0.504 (0.020) 0.434 (0.024) 0.680 (0.045)
Reit 3 May 0.542  (0.050) 0.486 (0.062) 0.609 (0.127)




Table 19. Survival estimates for hatchery yearling chinook salmon released in Turbine

Unit 4 at Lower Granite Dam. Standard errors in parentheses. Abbreviations:
LGR-Lower Granite Dam; LGO-Little Goose Dam.

e e o T
LGO tailrace LGO tailrace 4
(Ra11, Darn) 0.839 (0.03.2) 0.873 (0.055) 0.961 (0.071)
(Raz2, Da1a) 0.813 (0.029) 0.898 (0.045) 0.905 (0.056)
Pooled” " o | 0.927 (0.027)

* Pooled estimates are weighted averages of the independent estimates, with weights
inversely proportional to the respective estimated variances.
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Survival Estiﬁxation — Lower Granite Dam Tailrace Releases

Survival probabilities were estimated by week for fish released in the tailrace at Lower
Granite Dam for 12 consecutive weeks from 9 April through 1 July for hatchery and wild yearling
chinook salmon (adult returns will be compared to fish transported as ju;renﬂes). Survival
(weighted average) from Lower Granite Dam tailrace to Little Goose Dam tailrace averaged
0.883 (s.é. 0.006) for hatchery yearling chinook salmon (Table 20) and 0.877 (s.e. 0.012) for wild
yearling chinook salmon (Table 21). From Little Goose Dam tailrace to Lower Monumental Dam
tailrace, sﬁrvival averaged 0.928 (s.e. 0.007) for hatchery yearling chinook salmon and 0.896 (s.e.
0.017) for wild yearling chinook salmon. For the entire reach (Lower Granite Dam tailrace to
Lower Monumental Dam tailrace), survival averaged 0.822 (s.e. 0.007) for hatchery yearling
chinook salmon and 0.793 (s.e. 0.619) for wild yéarling chinook salmon.

From Lower Monumeqtal Dam tailrace to McNary Dam tailrace, sufficient numbers of
PIT-tagged fish were detected at John Day Dam fo estimate survival for the first 5 weeks of
releases (9 April through 13 May) (Table 20). Survival averaged 0.852 (s.e. 0.050) for hatchery
yearling chinook salmon and 0.831 (s.e. 0.038) for wild yearling chinook salmon. Survival
estimates for Lower Granite Dam tailrace to McNary Dam tailrace averaged 0.710 (s.e. 0.03 7) for
hatchery yearling chinook salmon and 0.697 (s.e. 0.021) for wild yearling chinook salmon.

Nearly all hatchery yéarling chinook salmon from the primary releases passed Lower
Granite Dam by 13 May. The average survival estimates for hatchery yearling chinook salmon
released into Lower Granite Dam tailrace between 9 April and 13 May were slightly lower than
for the primary releases traversing the same river sections. However, differences were not

significantly different. From Lower Granite Dam tailrace to Lower Monumental Dam tailrace
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Table 20. Estimates of survival probabilities for hatchery yearling chinook released into the tailrace of Lower Granite Dam for
comparison with transported smolts. Estimates based on the Single-Release Model. Standard errors in parentheses.
Abbreviations: LGR-Lower Granite Dam; LGO-Little Goose Dam; LMO-Lower Monumental Dam;

MCN-McNary Dam.

Dates Number LGR to LGO LGO to LMO -~ LMO to MCN L.GR to MCN
released (Sgr2) (Sra) : - (Sra)

9-15 Apr 1871 0850 (0.038) 0.950 (0.067) 0.802 (0.223) 0647 (0.176)
1622 Apr 14,461 0881 (0.015) 0.961 (0.025) 0.754 (0.091) 0.644 (0.077)
2329 Apr 24,378 0.872 (0.008) 0.962 (0.016) 0.787 (0.079) 0.660 (0.066)
30 Apr-6 May 36,608 0.901 (0.006) 0.915 (0.010) 0.893 (0.060) 10.736  (0.049)
7-13May 18,578 0.871 (0.009) 0.922 (0.015) 1.174  (0.166) 0.944 (0.132)
14-20 May 4,176 0.856 (0.022) 0967 (0.045) e e
21-27 May 1,377 0.868 (0.036) 0866 (0.076) e e
28May-3 Jun 1,234 0.895 (0.049) 0848 (0.088) e R
4-10 Jun 1,004 - 0.865 (0.023) 0916 (0.051) e e
11-17 Jun 250 0.987 (0.051) 0863 (0.156) e .
18-24Jun 251 0.781 (0.046) - 0790 (0.091) e e

25 Jun-1 Jul 108 0.723 (0.084) 0873 (0221) e e
Pooled” 104,296 0.883 (0.006) 0928 (0.007) 0.852 (0.050) 0.710 (0.037)

* Pooled estimates are weighted averages of the independent estimates, with weights inversely
proportional to the respective estimated variances. :
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Table 21. Estimates of survival probabilities for wild yearling chinook released into the tailrace of Lower Granite Dam for
comparison with transported smolts. Estimates based on the Single-Release Model. Standard errors in parentheses.

Abbreviations: LGR-Lower Granite Dam; LGO-Little Goose Dam; LMO-Lower Monumental Dam,;
MCN-McNary Dam.

o LM LM
Dates 2?;:’:; : LGPZSt;;‘GO LGO(;m) 0 O(;;I)VICN Release to MCN
9-15 Apr 3,858 0.838 (0.015) 0.945 (0.034) 1.004 (0.195) 0.795 (0.152)
16-22 Apr 9,555 0.872 (0.023) 0.990 (0.037) 0.769 (0.079) 0.664 (0.066)
23-29 Apr 5154 0.876 (0.016) 0.951 (0.032) 0.857 (0.187) 0.714 (0.154)
30 Apr-6 May 5,200 0.916 (0.012) 0.879 (0.020) 0.879 (0.129) 0.708 (0.103)
7-13 May 2,857 0.867 (0.017) 0.952 (0.031) 0.920 (0.230) 0.759 (0.188)
14-20 May 1,033 0.956 (0.040) 0.835 (0.059) e —
21-27 May 677 - 0.895 (0.034) _0:889 00700 e eeea
28May-3 Jun = 920 0.855 (0.027) 0838 (0.048) e e
 4-10Jun 1,222 0.907 (0.015) 0875 (0.030) e e
11-17 Jun 494 0.875 (0.027) 0.792 (0.051) e
1824Jun = 571 0.806 (0.025) 0.808 (0.040) - —
25 Jun-1 Jul 242 0.696 (0.043) 0772 (0.082) e e
Pooled" 31,783 0.877 (0.012) 0.896 (0.017) 0.831 (0.038) - 0.697 (0.021)

* Pooled estimates are weighted averages of the independent estimates, with weights inversely
proportional to the respective estimated variances.



(two dams and reservoirs), the average survival estimate for primary releases was 0.845 (s.e.
0.015), versus 0.825 (s.e. 0.007) for Lower Granite Dam tailrace releases during the comparable
period.

Survival estimates for daily release groups are given in Appendix C.

Survival Estimation — Hatchery Releases

Preliminary analyses to determine the composition of pooled release groups are
summarized below.

1) Dworshak National Fish Hatchery (NFH): In the evaluation of a new antibiotic
treatment on yearling chinook salmon, parameter estimates for the control group of 800 fish
differed significantly from those for the 4 treatment groups. Only the control groxip was used for
survival estimation. Among the roughly 4,500 steelhead released from the hatchery between 24
and 28 April, those identified as "early return progeny" differed significantly from the rest and
were omitted from the analysis, leaving 4,232 fish. Clear Creek and Clearwater River releases did
not differ and were pooled into a single group of 644 fish for survivai estimation.

2) Kooskia National Fish Hatchery: The two releases of yearling chinook salmon from the
" hatchery did not differ significantly and were pooled into a single group of 1,201 fish. Thé Clear
Creek release was analyzed separately.

3) Lookingglass Hatchery: Release groups were claésiﬁed according to release site and
release date, producing S release groups, each w1th .Signiﬁcant diﬁ'erenceé from the others.

4) McCall Hatchery: Releases were made for a varic_ety of reasons on 6 and 7 April, bpt

these groups had no significant differences among their parameters. These "early" releases were
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pooled into a single group of 6,298 fish, and analyzed separately from the other time-of-release
study groups.

5) Rapid River Hatchery: Hand- and auto-tagged yéarling chinook salmon groups
released from the hatchery on 31 March were analyzéd sebarately. The Hells Canyon release on
30 March was also kept'separate. |

6) Sawtooth Hatchery: Parameters for the release groups of yearling chinook salmon in
the Salmon River and the East Fork of the Salmon River did not differ signiﬁcantiy. Therefore,
releases were pooled into a single group of 1,289 fish. The pooled group differed significantly
from the group of 1,499 released from the hatchery.

7) Pahsimeroi Hatchery: Only one release of 493 fish was made from this hatchery.

For hatchery-released fish, estimated survival probabilities from tﬁe point of release to
Lower Granite Dam tailrace ranged from 0.087 to 0.842 (Table 22). Although sample sizes and
standard errors for the survival probability estimates from release to Lower Granite Dam tailrace
were comparablg to those for our primary releases, survival probability estimates were lower and

'genefrally‘appeared to be inversely proportional to the distance from the release point to Lovu;er
Granite Dam.

Because the river section is the same, survival probability estimates from Lower Granite
Dam tailrace to Little Goo;e Dam tailrace and from Little Goose Dam tailrace to Lower
Monumental Dam tailrace for hatch_ery releases are directly comparable to those for our primary
releases. The weighted average estimate from the hatchery releasés of yearling chinook salmqn
from Lower Granite Dam tailrace to Little Goose Dam tailrace was 0.911 (s.e. 0.008);

comparable to the pooled estimate obtained from our primary releases of 0.900 (s.e. 0.015).
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Table 22. Survival estimates for yearling chinook salmon and steelhead released from hatcheries. Estimates based on the Single-

Release Model. Standard errors in parentheses. Abbreviations: Ch-yearling chinook; St-steelhead; LGR-Lower
Granite Dam; LGO-Little Goose Dam; LMO-Lower Monumental Dam..

Hatche Release site Sp Date Rel. Release to LGR LGR to LGO LGO to LMO Release to
reneny - size (Sw) (Sk) (Sks) LMO
Dworshak Dworshak NFH Ch 14 Apr 800  0.842 (0.034)  0.900 (0.064)  0.903 (0.084) - 0.685 (0.050)
Dworshak ~ ClerC-and oot 644 0728 (0020) 0956 (0.053)  1.051 (0.102 d732 0.061
worsha Clearwater R. p ’ ’ ’ : o : - ) 2 ( . )
Dworshak Dworshak NFH St 24-28 Apr 4,232 0773 (0.007) 0923 (0.014)  0.955 (0.026)  0.682 (0.017)
Kooskia Kooskia H Ch 12Apr 1201 0791 (0.024)  0.871 (0.042) 0898 (0.057)  0.690 (0.020)
Kooskia Clear C. Ch 12Apr 494 0583 (0.047) 0783 (0.080)  1.003 (0.114)  0.458 (0.049)
Lookingglass® Imnaha Weir Ch 28Mar 2487  0.623 (0.015) 0927 (0.037)  0.905 (0.056)  0.523 (0.028)

‘Ch  S5Apr 493 . 0469 (0.040) 0775 (0.092)  0.864 (0.133) 0314 (0.044)

Ch 24-26 Apr 983  0.481 (0.034) 0845 (0.123) 0949 (0.114)  0.386 (0.041)

Lookingglassb LookingglassH Ch 6 Apr 1,983 0.758 (0.019) 0.925 (0.037) 0.913 (0.055) 0.640 (0.033)
Lookingglass® Big Canyon Ch 21Apr 114  0.800 (0.054) 0876 (0.123)  0.890 (0.202)  0.624 (0.117)
McCall KnoxBridge @~ Ch 6-7Apr 6298 0523 (0.012)  0.894 (0.026)  0.875 (0.033)  0.409 (0.014)
19Apr 800 0471 (0.034) 0855 (0.072)  0.904 (0.099)  0.364 (0.038)

24 Apr 400 0478 (0.045) 0954 (0.122)  1.056 (0.272)  0.481 (0.114)
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Table 22. Continued.

Hétchew Release site Sp.v Date l:izle' Releas;t;lt{()) LGR LGPESt:;GO LGO(SK;S[)‘MO Relte]ildsg fo
Rapid River ~ RapidRiver H Ch 31Mar’ 999 0697 (0.024) 0927 (0.046) 0896 (0.062)  0.579 (0.035)
31Mar® 990 0755 (0.026)  0.852 (0.047)  0.806 (0.057)  0.518 (0.031)
Rapid River Hell's Canyon ~ Ch 30 Mar 499 0.582 (0.030) 1.016 (0.088) 0.984 (0.149) 0.581 (0.054)
Pahsimeroi Pahsimeroi Pon Ch 12 Apr 493 0.316 (0.038) 0.945 (0.147) 0.682 (0.138) 0.203 (0.034)
Sawtooth  Sawtooth H Ch 57Apr 1,499 = 0231 (0.019) 0916 (0.071)  1.040 (0.105) 0220 (0.023)
Sawtooth ;all",ml‘:Ra“d Ch 27-28Mar 1,289 0087 (0.021) 0999 (0.231)  0.699 (0.162)  0.061 (0.016)
. Fork Salmon .
Pooled’ | ch 0911 (0.008) 0912 (0.014) -

¢ Imnaha stock. v

» Rapid River stock.

¢ Irrigon stock.

‘? Hand-injected PIT tags.
¢ Auto-injected PIT tags.

/ Pooled estimates are weighted averages of the independent estimates from releases of yearling chinook
salmon, with weights inversely proportional to the respective estimated variances.



From Little Goose Dam tailrace to Lower Monumental Dam tailrace, the weighted
average survival estimates were 0.912 (s.e. 0.014) and 0.939 (s.e. 0.016) for the hatchery releases
and our primary releases, respectively. Releases with the lowest survival probability between the
hatchery and Lower Granite Dam tailrace often had higher probability of survival between the

tailraces of Lower Granite and Little Goose Dams.

Survival Estimation -- Fish Trap Releases

Survival estimates for hatchery chinook salmon released from the Snake River and
Clearwater River traps were slightly lower than for our primary releases (Table 23). From release
to Lower Granitt; Dam tailrace, survival estimates were 0.891 (s.e. 0.022) for the Clearwater
River trap and 0.906 (s.e. 0.015) for the Snake River trap, ‘compared to the average estimate of
0.927 (s.e. 0.006) for our primary releases. From release to Lower Monumental Dam tailrace,
suMVd estimates were 0.750 (s.e. 0.038) for the Clearwater River trap, 0.721 (s.e. 0.026) for the
Snake River trap, and 0.785 (s.e. 0.015) for our primary releases. For hatchery chinook salmon
released from the Salmon River trap, survival estimates were 0.821 (s.e. 0.020) from the trap to
Lower Granite Dam tailrace and 0.656 (s.e. 0;026) from the trap to Lower Monumental Dam
tailrace. |

Hatchery steelheﬁd released from the Clearwater River and Snake River tréps had slightly
higher survival estimates to Lower Granite Dam tailrace (Table 23) than the average of our
primary releases. Suﬁval estimates from release to Lower Mdnumental Dam tailrace were 0.853

(s.e. 0.068) for the Clearwater River trap, 0.759 (s.e. 0.032) for the Snake River trap,
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Table 23. Estimates of survival probabilities for juvenile salmonids released from fish traps in Snake River Basin during

same period as primary releases. Estimatés based on the Single-Release Model. Standard errors in parentheses.
- Abbreviations: LGR-Lower Granite Dam; LGO-Little Goose Dam; LMO-Lower Monumental Dam.

Trap

Release
dates

Numbe

released

Release to LGR

LGR to LGO
(Sk2)

LGO to LMO
(Sra)

Release to LMO

Hatchery chinook salmon

Salmon 10 Apr - 5 May
Clearwater 9 Apr - 3 May
Snake 9 Apr - 5 May
Wild chinook salmon

Salmon 10 Apr - 5 May
Clearwater 9 Apr - 3 May
Snake 9 Apr - 5 May

Hatchery steelhead

Salmon 24 Apr - 13 May
Clearwater 24 Apr- 3 May
Snake 22 Apr - 12 May
Wild steelhead

Salmon 24 Apr - 13 May
Clearwater 24 Apr- 3 May

Snake 22 Apr - 12 May

2,186

1,578

2,343

1,643
511
1,122

972
415
1,149

315
48
1,157

0.821 (0.020)

~ 0.891 (0.022)

0.906 (0.015)

0.897 (0.015)
0.889 (0.034)
0.973 (0.019)

0.913 (0.016)
0.939 (0.020)
0.932 (0.013)

0.877 (0.029)
0.896 (0.063)
0.963 (0.014)

0.884 (0.033)
0.863 (0.036)
0.900 (0.028)

0.904 (0.025)
0.947 (0.068)
0.903 (0.037)

0.875 (0.029)
0.881 (0.046)
0.850 (0.027)

0.980 (0.056)
0.810 (0142)
0.896 (0.029)

0.904 (0.043)
0.976 (0.058)
0.885 (0.039)

0.965 (0.038)
0.902 (0.098)
0.945 (0.057)

0.990 (0.054)
1.031 (0.092)
0.958 (0.046)

0.931 (0.090)
0.933 (0.204)

0.903 (0.045)

0.656 (0.026)
0.750 (0.038)
0.721 (0.026)

0.783 (0.027)
0.760 (0.068)
0.831 (0.041)

0.791 (0.038)
0.853 (0.068)
0.759 (0.032)

~ 0.801 (0.103)

0.677 (0.123)
0.780 (0.033)




0.791 (s.e. 0.038) for the Salmon River trap, and an average of 0.796 (s.e. 0.012) for our primary
releases of hatchery steethead.

Wild yearling chinook had considerably higher survival estimates than their hatchery-
rgared counterparts released from the Salmon (12.7% higher from release to Lower Monumental
Dam tailrace) and Snake River (11.0% higher) traps (Table 23). Wild and hatchery yearling
chinook released from the Clearwater River trap had similar survival estimates. This pattern was
reversed for steelhead. Wild steelhead had lower survival estimates than hatchery-reared for
Clearwater River trap releases, and nearly the same survival estimates for Salmon and Snake

River trap releases.

Travel Time

Travel timg and migration ‘rate statistics are given for all primary releases in Appendix
Tables Di through D10. | |

For the 12 primary releases of hatchery yearling clﬁndok salmon, median migration rates
from time of release at the Port of Wilma to detection at Lower Granite Dam (49 km) ré,nged
~from 3.1 to 9.1 km/day (Fig. 9). From Lower Granite Dam to Little Goose Dam (60 km), median
migration rates ranged from 9.3 to 15.4 km/day (Fig. 10). From Little Goose Dam to Lower
Monumental Dam (46 km), median migration rates ranged from 17.6 to‘26..0 km/day (Fig. 11).
From Lower Monumental Dam to McNary Dam (119 km), median migration rates ranged from

26.3 to 34.3 km/day (Fig. 12). For the entire river section from release at the Port of Wilma to
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Figure 9. Median migration rate (km/day) from release near the Port of Wilma to Lower Granite
Dam (49 km) for PIT-tagged hatchery chinook salmon and steelhead. Ends of thin
lines show the 20th and 80th percentiles.
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Figure 10. Median migration rate (km/day) from Lower Granite Dam to Little Goose Dam
(60 km) for PIT-tagged hatchery. chinook salmon and steelhead. Ends of thin lines
show 20th and 80th percentiles.
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Figure 11. Median migration rate (km/day) from Little Goose Dam to Lower Monumental Dam
(46 km) for PIT-tagged hatchery chinook salmon and steelhead. Ends of thin lines
show 20th and 80th percentiles. .
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Figure 12. Median migration rate (km/day) from Lower Monumental Dam to McNary Dam
(119 km) for PIT-tagged hatchery chinook salmon and steelhead. End of thin lines
show 20th and 80th percentiles.
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the final i’IT-tag detector at McNary Dam, median migration rates ranged from 9.4 to 20.0
km/day (Fig. 13). The number of fish used to calculate travel times decreased as spill increased.

For the 11 primary releases of PIT-tagged hatchery steelhead, xhigration rates from the
Port of Wilma to Lower Grarﬁte Dam ranged from 9.5 to 26.9 km/day (Fig. 9). From Lower
Granite to Little Goose Dam, median migration rates ranged from 10.4 to 23.8 km/day (Fig. 10).
From Little Goose to Lower Monumental Dam, median migration rate; fanged from 15.7 to 22.8
km/day (Eig. 11). From Lower Monumental to McNary Dam, median migration rates ranged
from 26.3 to 33.2 km/day (Fig. 12). For the entire river section from release at the Port of Wilma
to the final PIT-tag detector at McNary Dam, median migration rates ranged from 14.9 to 26.6
.km/day (Fig. 13).

For both hatchery yearling chinook salmon and hatchery steelhead, migration rates were
highest in the lower river sections. Migration rates generally increased over time as flows, water
temperatures, and levels of spill increased, and as fish presumably became more smolted. With
this study, we were unable to differentiate between migration rates through individual reservoirs
and delays before passing dams.

During the peak of the migration season, wild yearling chinook salmon released into the
tailrace at Lower Granite Dam had travel times between Lower Granite and McNary Dams almost
identical to their hatchery-reared co_unterparts.(Fig. 14). Early in the season, wild fish traveled
slower than hatchery fish, while travel times were short for wild fish late in the season. Within
shorter reaches, for example between Lower Granite and Little Goose Dams, travel times were

almost identical for wild and hatchery yearling chinook salmon across the entire season.
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Figure 13. Median migration rate (km/day) from release near the Port of Wilma to McNary Dam
(274 km) for PIT-tagged hatchery chmook salmon and steelhead. Ends of thin lines
show 20th and 80th percentiles.
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Figure 14. Median travel time (days) between Lower Granite and McNary Dams for
daily releases of wild and hatchery yearling chinook salmon into Lower
Granite Dam tailrace.
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Comparison of Survival and Travel Time Estimates, 1993-1995

During the 1995 transportation evaluation, an attempé was rﬁade to PIT tag a constant
proportion of migrants arriving at Lower Granite Dam so that adult return rates would be
representative of the entire juvenile migration. For the survjval study, the goal was to PIT tag
suﬁcient numbers of migrants for each release to estimate survival (with minimal standard error)
duﬁng the major portion of the migration. Survival estimates were similar in downstream reaches
for hatchery yearling chinook salmon from the two studies. Furthermore, there was little within-
year variation in estimates of survival for bpth hatchery yearling chinook salmon and steelhead
each year. Although the survival estimates from this study do not represent the entire migration
each year, their similarity to the transportation evaluation survival estimates (which do), and lack
of within-year van'ability make between-year comparisons reasonable.

.Primary feleases were made near the head of Lower Granite Resérvoir from Nisqually
John Landing in 1993 (RKm 726), from Silcott Island in 1994 (RKm 7 32), and from the Port of
Wilma in 1995 (RKm 744). Seven groups of hatche_ry yearling chinook salmon were released in
1993, 10 groups in 1994, and 12 groups in 1995. Survival (weighted average) was highest for
hatchery yearling chinook salmon in 1995 in all reaches (Table 24).

Hatchery steelhead were released from Silcétt Island in 1994 (9 groups) and ﬁ'mﬁ the Port
of Wilma in 1995 (11 groups). Hatchery steelhead also had the highest survival in all reaches in
1995 (Table 24). | |

Flbws (seasonal average) over the 3-year period were highest during 1993 and lowest
- during 1994 (Fig. 15). Flows in 1993 and 1995 were similar throughout much of April, but flow

in May was much higher in 1993. The proportion of total flow spilled during the peak of hatchery
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Table 24. Pooled estimates of survival from Nisqually John Landing (1993), Siléott

Island (1994), and the Port of Wilma (1995) to Lower Granite (LGR), Little
Goose (LGO), and Lower Monumental (LMO) Dam tailraces. Standard
errors in parentheses.

‘ReleasetoLGR ~ LGR1%0LGO  LGOtoLMO  Release to LMO

1993
1994

1995

1994

1995

Hatchery yearling chinook salmon
0.902 (0.008)  0.862 (0.013)

0.922 (0.010)  0.794 (0.026)  0.891 (0.023)  0.659 (0.009)

0.927 (0.007)  0.900 (0.015)  0.939 (0.016)  0.785 (0.015)

Hatchery steelhead
0.904 (0.007)  0.784 (0.012)  0.831 (0.013)  0.598 (0.012)

0.916 (0.004)  0.909 (0.009)  0.948 (0.019)  0.796 (0.012)
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for 1993, 1994, and 1995.
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yearling chinook salmon migration was highest in 1995, which might account for the increased
survival observed during that year (Fig. 16). Spill was also high in 1993 and 1994, t;ut occurred
laﬁer in the season, after many fish had passed. Spill could increase survival by increasing the
kproportion of fish that avoid turbine passage, the passage route }associated with highest mortality.
Determining the relationship between flow and survival from these data is difficult because
each of thé primary releases migrated through a particular reach for an extended peﬁod under
variable flow conditions. Spill further complicates analysis by altering survival rateé depending on
the route of passage. For example, fish passing through a reach under low or moderate flow
levels with high levels of spill could have higher survival rates than fish passing during high flow
levels with little or no spill. Furthermore, as flows increase in spring, water temperatures and
smolt development usually increase. All of these factors influence smolt travel time and
presumably survival. Since these factors are interrelated, isolating a single variable and its effect
on smolt survival is difficult. Results of cont_inuing analyses of this topic will be published in later

reports and peer-revieWed articles.
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Monumental Dams from 1 April through 31 May for 1993, 1994, and 1995.
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DISCUSSION

Results of the 1995 NMFS/UW survival study met the following specific research
objectives: | 1) to field test and evaluate the Single-Reléase, Modified Single-Release, and Paired-
Release Models for estima"cing survival probabilities through sections of a river and hydroelectric
projects with high precision; 2) to identify operational and logistical constraints that limit the
ability to collect data for the models; and 3) to obtain, under extant river conditions and dam
operations, estimates of survival of juvenile chinook salmon and steelhead from their point of
release to the tailrace of Lower Monumental Dam.

The SR Model was used in all analyses because no significant post-detection mortality
occurred after fish were detected in the bypass systexh and before they remixed with fish usiﬁg
other passage routes. Further, al‘though not all release groups were perfectly mixed, tests
dgsigned to assess lack of model fit of the type that could be caused by lack of mixing did not
show an excessive number of significant violations. In general, the results indicated 1) that
detection at an upstream site did not influence the probability of subsequent detection
downstream, 2) that detection did not influence subsequent survival, and 3) that treatment and
reference fish were mixed at subsequent detection sites. |

Similarity between survival probability estimates for trap releases and for our primad
releases suggested that effects of handling, marking, and release procedureé are similar for SMP
trap and NMFS/UW purse-seining operations. Standard errors associated with pooled survival

' estirnﬁtes for the trap releases are similar to those for our primary releases. However, the trap

releases were pooled over 3 to 4 weeks. Over the same period, By purse seining, the NMFS/UW
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study obtained 12 or 11 survival estimates, each with precision comparable to the single estimate
for trap releases. To have a chance of relating survival probabilities with changing conditions
' throughout a migration season will require multiple survival estimates with high précision.

The survival estimates for hatcheries upstream from Lower Granite Dam, Smolt
Monitoring Program traps, and releases from the Port of Wilma indicated that most of the
moftality documented between the hatcheries and Lower Granite Dam forebay probably
occurred in river sections upstr;aam from Lower Granite Reservoir.

Overall, results indicated that mortality from the head of Lower Granite Reservoir to the
tailrace of Lower Granite Dam was less than 10% for hatchery yearling chinook salmon and
hatchery steelhead. Because this estimate included mortality associated with dam passage as well
as reservoir mortality, it appeared that relatively low mortality occurred in the reservoir. For
example, if turbine passage mortality is 15% and 40% of fish pass Lower Granite Dam via
turbines, then turbine passage alone can account for 6% overall mortality. Because there is also
some mortality associated with spillway and bypass system passage, it appears that little of the
10% ovéréﬂl mortality can be attributed to the reservoir. Similar results indicated that relativély
low mortality occurred in the other reservoirs investigated.

The river sections over which survival probabilities were estimated for the primary
releases represent about 69% of the distance from the head of Lower Granite Reservoir to the
confluence of the Snake and'Columbi_a Rivers (Port of Wilma to Lower Granite Dam télilrace, 49
km; Lower Granite Dam taikéce to Little Goosé Dam tailrace, 60 km; and Little Goose Dam

tailrace to Lower Monumental Dam tailrace, 46 km). The estimated survival probability from the
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Port of Wilma to Lower Monumental Dam tailrace (155 km) was 78% for hatchery chinook
salmon and 80% for hatchery steelhead.

Survival estimates from Lower Monumental Dam tailrace to McNary Dam tailrace (two
reservoirs and two hydroelectic projects) for hatchery yearﬁng chinook salmon released in Lower
Granite Dam tailrace were also high (85%). However, these estimates were derived using the
Single-Release Model without post-detectionl bypass survival estimates at McNary Dam. Post-
detection bypass survival was assumed to be 100% at McNary Dam. Nonetheless, these estimates
were similar to those for upstream river sectioﬁs. These estimates extend the distance for which
survival estimates are available, downstream an additional 119 km and through two ;dditional

daﬁls. Survival from Lower Granite Dam tailr#ce to McNary Dam tailrace (225 km) was 71%
for hatchery yearling chinook salmon.

Combining the estimate from the head of Lower Granite Reservoir to Lower Monumental
Dam tailrace with that from Lower Monumental Dam tailrace to McNary Dam tailrace
. (acknowledging the éssumptions réquired to do so), the estimated survival probability for
hatchery yearling chinook salmon from the head of Lower Granite Reservoir to the tailrace of
McNary Dam was 67%. This represents 54% of the total length of the hydropower corridor and
passage by 5 of 8 dams. This‘ survival estimate does not represent the whole season, but is a ﬁrsf
approximation to a seasonal estimate, based on fish passing Lower Granite Dam between 9 April
and 13 May.

Systein survival estimates from this sfudy have been consistently higher than those
reported by Raymond (1979) and Sims and Ossiander (1981). From 1970 fo 1974, Raymond

1979) estimated an average survival rate of 36% from Little Goose Dam to Ice Harbor Dam.
( !
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Our estimate of survival through 3 dams on the Snake River was 76%; more than double
Raymond's average and 1.5 times higher than the best survival rate from the 1970s. Raymond's
estimates were made using less sophisticated methods and his measurements were made on a river
system substantially different from today's (Williams and Matthews, 1995). Management -
strategies should rely on system survival estimates that are relevant to present passage conditions
and under conditions projected for the future. Knowledge of the magnitude, locations, and causes
of smolt mortality is essenti;l to develop strategies for optimizing smolt survival.

Estimates of survival probabilities and travel times through downstream reaches were
nearly identical for hatchery and wild yearling chipdok salmon released into Lower Granite Dam
tailrace. This result supports our use of hatchery fish as surrogates for wild fish for conducting
survival studies in an effort to reduce handling and mortality of wild stocks.

During the spring of 1995, a voluntary spill program was begun.on 14 April at Little
Goose, Lower Monumental, and McNary Dams. When spill began at Lower Granite Dam
(3‘ May), about half of our 12 primary release groups of hatchery yearling chinook had largely
passed Lower Granite Dam. The general trend for the 12 primary releases was toward faster
migration rates (shorter travel times) as the fish progressed downstream from the Port of Wilma
to McNary Dam. This trend was less apparent for the 11 primary releases of hatchery steelhead.

Rondorf and Banach (1995) found that many radio-tagged hatchery yearling chinook
salmon and hatchery steelhead traveled quickly from the head of Lower Granite Reservoir to the
forebay of Lower Granite Dam, but remained in the forebay area for a considerable amount of
time before passing the dam. This could explain the slower migration rates found for PIT-tagged

yearling chinook in Lower Granite Reservoir compared to downstream reaches.
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Both hatchery chinook salmon and hatchery steelhead increased their rates of migration as
the season progressed, especially in the upstream reaches. A combination of increasing flow, spill,
water temperaturé, and smolt development likely contributed to this behavior. Berggren aﬁd
Filardo (1993) found an increase in migration rate in the Snake and. Columbia Rivers as these
variables increased. They found that flow was the mbst influential variable followed by a
smoltification-related variable, which they used as a surrogate for smolt development. Smolt
development increases in hatchery yearling chinook salmon after release from the hatchery, and
continues to increase as they migrate downstream (Beeman et al. 1991, Muir et al. 1994, Zaugg et
al. 1985).

Survival estimates from Lower Granite Dam tailrace to Little Goose Dam tailrace for
primary releases and hatchery releases were again the lowest estimates observed of the three river
sections investigﬁted in 1995. However, they were higher than in 1994.

Survival estimates in each of the reaches investigated during 1995 were higher for both
hatchery yearling chinook salmon and hatchery steelhead than in previous years. We attribute this
increase, in part, to improved migration conditions caused by higher flows, and to a higher
proportion of smolts paséing via non-turbine routes due to the spill program, which began earlier
in 1995. We saw no evidence of increased mortality caused by tﬁe spill program in any of the
reaches investigated.

In conclusion, we believe that accurate and precise estimates of system survival from an
~ upstream release site in the Snake River Basin to the tailraces of Lower Granite, Little Goose, or
Lower Monumental Dams are now poss;ible using the SR, MSR, and PR methodologies with the

PIT-tag diversion systems in place and with sufficient release numbers. These methodologies
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éhould also be used to extend survival estimates over a larger stretch of river once PIT-tagv
detectors are installed at additional downstream dams. This will permit exploration of the
relationships among smolt survivél, smolt travel time, smolt quality, and environmental conditions
encountered during migration. Moreover, the data collected in the first 3 years of this study

provide valuable baseline information for evaluation of future management strategies.
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RECOMMENDATIONS

Successful validation of field and statistical methodologies in 1995 formed the basis for the
following recommendations for 1996 and future years:

1) The SR (MSR when appropriate) and PR methodologies should be adopted for survival
estimation. Future protocols should be designed to evaluate the effects of seasonal and
environmental variation, expanded study areas, and additional salmonid stocks.

2) No ﬁdditional post-detection bypass releasés at Lower Granite, Little Goose, and
Lower Monumental Dams are warranted for yearling chinook salmon and steelhead under flow,
water temperature, and spill conditions similar to those we observed in 1995 and in earlier years.

3) Hatcheries should be provided with minimum release-size requirements for their PIT-
tag studies so that survival estimates from hatcheries to detection sites at dams can be made with
known precision. |

4) If plans for a Lower Granite Reservoir drawdown continue, the SR and PR
methodologies should be applied to collect survival data during both the baseline data-collection
period and the drawdown test.

5) Future vad studies should be coordinated with other inriver projects to maximize'
the data-collection effort and minimize study effects on salmonid resources.

6) Improved statistical precision should be accomplished by maxmnzmg the return of

PIT-tagged juveniles to the river through increased efficiency of detectors and diverters.
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7) Additional releases of PIT-tagged yearling chinook salmon shduldbe made in the free-
flowing Snake River between the hatcheries and the head of Lower Granite Reservoir to help
determine where mortality occurs.

8) The number of detection facilities in the Colﬁmbia River Basin should be increased to
improve survival investigations. This would include installation of detectors and diversion
systems at J ohn Day, The Dalles, Bonneville, and Priest Rapids Dams. The development Qf flat
plate detector technology in bypass systems would greatly enhahée survival esﬁinatién

capabilities.
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APPENDIX A -- TESTS OF MODEL ASSUMPTIONS

Methods
For the SR Model the critical assumptions are:
Al) A fish's detection at a PIT-tag detection site does not affect its probability of
subsequent detection at downstream sites.
A2) A fish's detection at a PIT-tag detection site does not affect its probability of
subsequent survival through downstream river reaches.
A3) Detected fish suffer no significant post-detection moftality in the bypass system before

remixing with non-detected fish.

If Assumption A3 failed, the MSR Model was used in placé of the SR Model to analyze the
primary releases. Each release under the MSR Model is assumed to satisfy Assumptions Al and
- A2. There is one additional critical assUmption for the post-detection bypass paired releases:

A4) Treatment release groups and their corresponding reference groups mix evenly and
travel together downstream from the source of mortality under investigation.

The PR Model shares the ;ssumpﬁons of the MSR Model. |

Taken together, fests of Assumptions Al and A2 can be thought of as general tests of the
"goodness of fit" of the SR Model to the data. Burnham et al. (1987) gave a series of _goodness-
of-fit tests to be used for the SR Model (TESTs 2 and 3, Bumham et al. 1987, p. 71-77) and
noted that factors that lead to rejection of the tests include heterogeneity of parameters across
indi{ziduals, failure of the assumption.of independent fish fates, and behavioral response to capture

and subsequent release (i.e., behavioral changes after passage through a juvenile bypass facility).
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The same goodness-of-fit tests (Tables A1 and A2) were conducted in 1995 as in 1994.

Details of the tesfs were presented by Mui; etal., 1995.

Experiment-wise Error Rate

Each series of contingency table teéts was considered to be a ~separate and independent
experiment (Table A3). Significance levels for individual tests (ar) were selected to control the
experiment-wise Type I error rate (agx) (Table A4). For a given experiment-wise Type I error

rate, the test-wise significance level was computed as follows (Sokal and Rohlf 1981):

1
a, - 1-(la,) *

where k was the number of tests in the experiment. For example, for a series of twelve tests,
setting the experiment-wise Type I error rate to agy = 0.05 required a test-wise significance level

of a; =0.0043.
Results

Assumptions Al and A2--A fish's detection at a PIT-tag detection site does not affect its
probability of subsequent survival in downstream reaches or of subsequent detection at
downstream sites.’

For most primary release groups of hatchery'chinook salmon, there were no significant
differences in Little Goose Dam passage distﬁbutions between fish detected and not detected at

Lower Granite Dam (Table AS). However, for almost all release groups, passage distributions at
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Appendlx Table Al. Tests of goodness of fit to the Single-Release Model that can be caiculated
for releases above Lower Granite Dam (notation of Burnham et al. 1987).
Abbreviations: LGR-Lower Granite Dam; LGO-Little Goose Dam;

LMO-Lower Monumental Dam; MCN-McNary Dam.

Test Tests homogeneity of Dfii?izsn?f

TEST 2.C2  First detection location below LGR for two subgroups of a primary 2
release group defined by capture history at LGR.

TEST 2.C3 First detection location below LGO for two subgroups of a primary 1
release group defined by capture history at LGO.

TEST 2 Sum of TEST 2.C2 and TEST 2.C3. 3

TEST 3.SR3 "Seen again versus not seen again" for two subgroups of a primary 1

' release group detected at LGO, defined by capture history at LGR.

TEST 3.Sm3 "Seen next at LMO versus seen next at MCN" for two subgroups of a 1
primary release group detected at LGO, defined by capture
history at LGR.

TEST 3.SR4  "Seen again versus not seen again" for two subgroups of a primary 1
release group detected at LMO, defined by "seen at LGR or LGO
"versus not seen at LGR or LGO."

TEST 3 Sum of TEST 3.SR3, TEST 3.Sm3, and TEST 3.SR4 3

Overall 6

" Sum of TEST 2 and TEST 3.
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Appendlx Table A2. Tests of goodness of fit to the Smgle-Release Model that can be calculated
for releases at Lower Granite Dam (notation of Burnham et al. 1987).
Abbreviations: LGR-Lower Granite Dam; LGO-Little Goose Dam,;
LMO-Lower Monumental Dam; MCN-McNary Dam.

Degrees of

Test Tests homogeneity of freedom

TEST 2.C2  First detection location below LGO for two subgroups of a LGR releas 1
group defined by capture history at LGO.

TEST 3.SR3  "Seen again versus not seen again" for two subgroups of a LGR release 1
group detected at LMO, defined by capture history at LGO.

Overall Sum of TEST 2.C2 and TEST 3.SR3. | 2
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Appendix Table A3. Number of contingency table tests in each series used to test assumptions of Single-Release and Paired-Release
Models. Abbreviations: LGO-Little Goose Dam; LMO-Lower Monumental Dam; MCN-McNary Dam.

Tests of homogeneity of

passage distributions Goodness-of-fit tests -

Releases LGO LMO MCN 2.C2 2C3 3.SR3 3.Sm3 3.SR4
Primary releases of hatchery yearling chinook salmon 12 12 12 12 12 12 12 12
Primary releases of hatchery steelhead 11 11 1 1 11 11 11 11
Post-detection bypass/reference releases of hatchery | ‘
“ yearling chinook salmon from Lower Granite Dam 4 4 4 4 - 4 — -
Turbine/reference releases of hatchery yearling _

chinook salmon from Lower Granite Dam 4 4 4 4 - 4 — —
Post-detection bypass/reference releases of hatchery | ‘

steelhead from Lower Granite Dam 5 5 5 5 R 5 —-- -
Post-detection Bypass/reference releases of hatchery - ‘

yearling chinook salmon from Little Goose Dam -—- 5 5 - - --- —- —
Post-detection bypass/referencé releases of hatchery

yearling chinook salmon from Lower Monumental Dam --- - 5 - e ‘ - -—- —

Post-detection bypass/reference releases of hatchery
steelhead from Lower Monumental Dam --- - 5 _ -- - --- - —




Appendix Table A4. Test-wise significance (aiy) levels corresponding to experiment-wise
Type I error rates (atgx) of 0.10, 0.05, 0.01.

Experiment-wise significance levels (atgx)

Number of 0.10 0.05 0.01
tests
1 0.1000 0.0500 0.0100
2 0.0513 0.0253 0.0050
3 0.0345 0.0170 0.0033
4 0.0260 0.0127 . 0.0025
5 0.0209 0.0102 0.0020
6 0.0174 0.0085 0.0017
7 0.0149 0.0073 0.0014
8 0.0131 0.0064 0.0013
9 0.0116 0.0057 : 0.0011
10 0.0105 0.0051 0.0010
11 0.0095 0.0047 0.0009

©
N

0.0087 0.0043 ' 0.0008
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Appendix Table AS. Tests of homogeneity of Little Goose Dam passage distributions for subgroups
of primary releases of hatchery yearling chinook salmon defined by capture
history at Lower Granite Dams. P values calculated using Monte Carlo
approximation of the exact method.

Degrees
Release 2  of P value

freedom
Ry, 2171 27 0.821
RP2 30.13 25 0.176
Rps 36.26 32 0.276
Ry, 2858 24 0.194
Rps 27.77 25 0.293
Rps 25.95 26 0.485
Rpy 41.74 26 0.006
Rps 20.91 25 0.764
Rpo 33.38 28 0.177
Repo 20.85 20 0.409
Rpin 17.34 19 0.609
Rey 24.78 13 0.006

* To control experiment-wise Type I error rate (e.g., agx= 0.05),
test-wise P values are compared to adjusted significance levels
for 12 tests (e.g., ar = 0.0043) (see Table 9).
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Lower Monumental Dam differed substantially among subgroups (Table A6), mainly due to faster
passage through Little Goose Dam for nondetected than for detected fish. Median travel times
between Lower Granite and Lower Monumental Dams were as much as 1.6 days longer for fish
detected at Little Goose Dam than for fish not detected there.

Finally, passage distributions at McNary Dam for subgroups of the priniary releases did not
differ signiﬁcahtly (Table A7). This suggested that hatchery chinook salmon that were delayed in
bypass systems at Lower Granite and Little Goose Dams caught up with their nondetected
counterparts by the time they reached McNary Dam.

Despite frequent differences in passage distributions for detected and nondetected fish, there
was little lack of fit of the SR Model to the primafy releases of hatchery chinook sal_mc;n (Table
A8). Only Ry, had a significant overall lack of fit. The most significant for Rys was TEST 3.Sm3,
i.e. significant differences in tower Monumental and McNary Dam detections depending on
detection at Lower Granite Dam. Fish from Ry, were passing Lower Monuméntal Dam around
the time spill volumes increased in early May. The siéniﬁ_cant TEST 3.Sm3 for this group might
be explained by fish passing via_ spill at Lower Granite Dam arriving at‘ Lower Monumental Dam
lérgely before spill volumes incréased, while those passing via bypass system were delayed and
arrived under high spill condifions.

Primary releases of hatchery steelhead also shovyved‘evidence of differences in travel times
between detected and nondetected fish (Tables A9, A10, and Al 1). Significant differences in
passage distributions occurred throughout the season for subgroups at Lo§ver Monumental Dam.
Differences also occurred at Little Goose Dam late in thé season, after spill had begun at Lower

Granite Dam. Differences in median travel times for detected and nondetected hatchery steelhead
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Appendix Table A6. Tests of homogeneity of Lower Monumental Dam passage distributions for
subgroups of primary releases of hatchery yearling chinook salmon defined
by capture history at Lower Granite and Little Goose Dams. P values
calculated using Monte Carlo approximation of the exact method.

Degrees
Release 2 . of . P value
freedom
Ry, 106.0 84 0.030
R, 77.52 63 0.082
Ry 118.1 96 0.048
Rps 97.11 - 78 0.048
Rys 80.52" 66 0.086
Reg 123.6 81 <0.001
Ry, 1003 : 78 0.024
Rpg 91.57 , 69 0.021
Ry 100.4 84 0.084
Rpio 95.41 66 . 0.008
Re1r 45.07 . 57 0.885
Rop 48.58 45 0.350

* To control experiment-wise Type I error rate (e.g., agx = 0.05),
test-wise P values are compared to adjusted significance levels
for 12 tests (e.g., ot = 0.0043) (see Table 9).
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Appendix Table A7. Tests of homogeneity of McNary Dam passage distributions for subgroups
of primary releases of hatchery yearling chinook salmon defined by capture
hiStory at Lower Granite, Little Goose, and Lower Monumental Dams.

P values calculated using Monte Carlo approximation of the exact method.

_ Degrees
Release xz of P va,lue'
freedom -
Ry, 198.0 182 0.207
R, 181.2 161 0.131
Rps 203.7 203 0.480
Rpq4 186.2 147 0.017
Rps 175.0 161 0.202
Rypg 182.0 161 0.096
Ry, 188.8 161 0.041
Rypsg 141.6 147 0.625
. Rpo 169.1 168 . 0.470
- Rppo 164.4 168 0.569
Rp1 121.5 102 0.127
Re1s 48.03 45 0.651

* To control experiment-wise Type I error rate (e.g., agx = 0.05),
test-wise P values are compared to adjusted significance levels
for 12 tests (e.g., oy = 0.0043) (see Table 9).

98



66

Appendix Table A8. Results of tests of goodness of fit to the Single-Release Model fbr primary releases of hatchery yearling chinook

salmon from the Port of Wilma (TEST 2 and TEST 3 of Burnham et al. 1987).

Overall TEST 2 TEST 2.C2 TEST 2.C3
Release 22 P value’ 2 P value’ 2 P value’ x? P value’
Rp, 3.826 0.700 2177 0.536 1.446 0.485 0.731. 0.393
Rp, 2.986 0.811 1.819 0.611 0.905 0.636 0914 0.339
Rps 10.061 0.122 3.564 0313 0.975 0614 2.589 0.108
Rp,y 10.296 0.113 1.198 0.753 0.198 0.906 1.000 0317
. Rps 13.770 0.032 6.823 0.078 5.772 0.056 1.051 0.305
Rpg 5.060 0.536 1.582 0.663 1332 0.514 0.250 0.617
Rpy 8.844 0.183 1.438 0.697 0.885 0.642 0.553 0.457
Rpg 4.609 0.595 3.444 0.328 2.321 0313 1.123 0.289
Rpo 5.783 0.448 3.565 0.312 0.275 0.872 3.290 0.070
Rpio ’ 9.995 0.125 6.476 0.091 5.425 0.066 1.051 0.305
Ry, 6698 0350 3892 0273 0.198  0.906 3694  0.055
Rpyz 4713 0.581 2449 0485 1735  0.420 0714 0398

* To control experiment-wise Type I error rate (e.g., agx = 0.05),
_test-wise P values are compared to adjusted significance levels

for 12 tests (e.g., op = 0.0043) (see Table 9).
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Appendix Table A8. Continued.

TEST 3 TEST 3.SR3 TEST 3.Sm3 . TEST 3.SR4
Release X P value’ x: P value’ X P value’ x P value’

Rp; 1.649 0.648 0.781 0.377 0.184 0.668 0.684 0.408
Rp, 1.167 0.761 0.469 0.493 0.090 0.764 0.608 0.436
Rps 6.497 0.090 0.007 0.933 2.742 0.098 3.748 0.053
Rpq4 9.098 0.028 0.858 0.354 2.517 0.113 5.723  0.017
Rps 6.947 0.074 0.016 0.899 - 6.891 0.009 0.040 0.841
Rpe 3.478 0.324 3.018 0.082 0.110 0.740 0.350 0.554
Rpy 7.406 0.060 2.010 0.156 0.443 0.506 4953 0.026
Rpg 1.165 0.761 0.010 0.920 0.031 0.860 1.124 0.289
Rpy 2218 0.528 1.093 0.296 0.035 0.852 1.090 0.296
Rpio 3.519 0.318 1.661 0.197 0.129 0.719 1.729 0.189
Renr 2.806 0.423 0.470 0.493 2.072 0.150 0.264 0.607
Rpi2 2.264 0.519 1.740 0.187 0.288 0.592 0.236 0.627

* To control experiment-wise Type I error rate (e.g., agx = 0.05),
- test-wise P values are compared to adjusted significance levels

for 12 tests (e.g., ap = 0.0043) (see Table 9).



Appendix Table A9. Tests of homogeneity of Little Goose Dam passage distributions for subgroups
of primary releases of hatchery steelhead defined by capture history at Lower
Granite Dam. P values calculated Monte Carlo approximation of the exact

method.

. Degrees
Release ' %2 of P value

' freedom
Ry, 22.95 22 0.414
Ry, 2870 27 0.369
Ry 29.56 23 0.194
Rpq 27.26 24 0.313
Rys 24.42 22 0.326
Ry 38.93 20 0.001
Ry 31.90 21 0.025
Rypg 38.82 18 <0.001
Reo 58.42 24 <0.001
Reio 4943 . 23 <0.001
Reii 13.66 10 : 0.130

* To control experiment-wise Type I error rate (e.g., agx = 0.05),
test-wise P values are compared to adjusted significance levels
for 11 tests (e.g., oy = 0.0047) (see Table 9).
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Appendix Table A10. Tests of homogeneity of Lower Monumental Dam passage distributions for
subgroups. of primary releases of hatchery steelhead defined by capture
history at Lower Granite and Little Goose Dams. P values calculated using
Monte Carlo approximation of the exact method.

Degrees
Release XZ of P value‘ _

' freedom
Rp; 109.2 72 0.010
Rp, . 96.93 72 0.025
Ry, 91.62 75 ©0.125
Rpq 108.9 78 0.039
Rps 134.9 81 <0.001
Ry 88.02 72 0.075
Ry - 97.46 69 0.008
Rpg 113.8 72 <0.001
Rypo 130.3 84 <0.001
Rp1o ~ 116.0. 93 0.026
Rpy; 4434 45 0.570

* To control experiment-wise Type I error rate (e.g., agx = 0.05),
test-wise P values are compared to adjusted significance levels
for 11 tests (e.g., ar = 0.0047) (see Table 9).
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Appendix Table A11. Tests of homogeneity of McNary Dam passage distributions for subgroups
of primary releases of hatchery steelhead defined by capture history at Lower
Granite, Little Goose, and Lower Monumental Dams. P values calculated
using Monte Carlo approximation of the exact method.

Dégrees
Release 2 of P value

-freedom
Ry, 214.5 154 0.009
Ry, 195.2 161 0.099
Ry, 1652 133 0.080
Rpy 158.0 147 0.325
Ryps 1465 140 0.363
Ryps 138.8 126 0.180
Ry, 138.8 140 0.522
Rys 138.5 119 | 0.075
Rypo 120.6 119 0.456
Reyo 181.6 140 0.026
Rpit 46.0 - 42 0.507

* To coﬁtrol experiment-wise Type I error rate (e.g., agx = 0.05),
test-wise P values are compared to adjusted significance levels
for 11 tests (e.g., ar.= 0.0047) (see Table 9).
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were greater than 2 days in some cases. There were significant differences among passage
distributions at McNary Dam for subgroups of several hatchery steelhead releases.

Several primary releases of hatchery steelhgad had significant or nearly significant lack of fit
(Table A12) to the SR Model. Releases in the later part of the season were particularly affected
by lack of fit.

For post-detection réleases of hatchery chinook salmon from Lower Granite Dam, only the
first treatment release (Ry,;) had significant lack of fit to the SR Model (Table A13). For this
release, defection at Little Goose Dam influenced the next detection site downstream (TEST
2.C2)

There was no significant lack of fit to the SR Model for post-detection releases of hatchery
steelhead (Table A14) or turbine releases of hatchery chinook salmon (Table A15) at Lower
‘Granite Dam.

Assumption A3--Detected fish suffer no significant post-detection bypass mortality before
remixing with non-detected fish.

At Lower Granite Dam, estimates of post-detection survival for hatcﬁery yearling chinook
- salmon ranged from 0.871 to 1.060 (Table A16a), with a weighted average of 0.976 (s.e. 0.036)
for the four estimates. For hatchery steelhead, the weighted average of five survival probability
estimates was 0.983 (s.e. 0.019) (Table A17a).

At Little Goose Dam, estimates of post-detection survival for hatchery steelhead ranged
from 0.929 to 1.102 (Table A17b), with a weighted average of 0.979 (s.el. 0.031).

At Lower Monumental Dam, the five post-detection survival estimates for hatchery yearling

chinook salmon ranged from 0.883 to 1.100, with a wéighted average of 0.954 (s.e. 0.034)
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Appendix Table A12. Results of tests of goodness of fit to the Single-Release Model for primary releases of hatchery steelhead from th
Port of Wilma (TEST 2 and TEST 3 of Burnham et al. 1987).

Overall TEST 2 TEST 2.C2 TEST 2.C3
Release x? P value' % P value’ %2 P value’ 2 P value'
Ry, 5.954 0428 5.569 0.135 1.384 0.501 4.185 0.041
Rp, 5.577 0.472 3.995 0262 3.974 0.137 0.021 0.885
Rps 7277  0.296 . - 5.389 0.145 5.361 0.069 - 0.028 0.867
Rpy4 - 2.836 - 0.829 0.141 0.986 0.123 0.940 0.018 0.893
Rps 6.782 0.341 6.394 "0.094 1.651 0.438 - 4.743 0.029
Rps 16.055 0.013 12.157 0.007 10.893 0.004 1.264 0.261
Ry 20.739 0.002 : ~17.019 0.071 3.928 0.140 3.091 0.079
Rpg 6.972 0.323 ’ 3.113 0375 2.807 0.246 ' 0.306 0.580
Rpo 3.520 0.741 1.180 0.758 1.166 0.558 0.014 0.906
Rpio 14.665 0.023 10.697 0.013 6.174 0.046 ‘ 4.523 0.033
Reyy 7187 0304 3.600 0308 3439 0179 0.161  0.688

* To control experiment-wise Type I error rate (e.g., ogx = 0.05),
test-wise P values are compared to adjusted significance levels
for 11 tests (e.g., ar = 0.0047) (see Table 9).
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Appendix Table A12. Continued.

TEST 3 TEST 3.SR3 TEST 3.Sm3 TEST 3.SR4
Release 2 P value’ x*  Pvalue x? P value' x> P value’
Rp; 0385 0943 0.100 0752 0.236 0.627 0.049 0.825
Rp, 1.582 0.663 0.984 0.321 0.001 0.975 0.597 0.440
Rp; 1.888 0.596 0314 0.575 0.394 0.530 1.180 ‘0.277
Rps 2.695 0.441 0.971 0324 0.255 0.614 1.469 0.226
Rps 0.388 0.943 0.084 0.772 0.158 0.691 0.146 0.702
Rps 3.898 0.273 3.674 0.055 0.221 0.638 0.003 0.956
Rpy 13.720 0.003 0.145 0.703 0.032 0.858 13.543 0.000
Reg 3.859 0277 2111 0.146 1.657 - 0.198 0.091  0.763
Rpo 2.340 0.505 1.826 0.177 0368 - 0.544 0.146 0.702
Rpio 3.968 0.265 1.521 0.217 0.079 0.779 2.368 0.124
Rp11 3.587 0310 3.495 0.062 0.091 0.763 0.001 0.975

* To control experiment-wise Type I error rate (e.g., agx = 0.05),
test-wise P values are compared to adjusted significance levels

~ for 11 tests (e.g., oy = 0.0047) (see Table 9).



Appendix Table A13. Results of tests of goodness of fit to the Single-Release Model for
: post-detection bypass treatment and reference releases of hatchery
yearling chinook salmon from Lower Granite Dam (TEST 2 and
TEST 3 of Burnham et al. 1987).

Overall TEST 2.C2 TEST 3.SR3

Release 22 P value 2 P value’ x> Pvalue
Ray, 13433 0.001 11249 0001 2.184  0.139
Can 0202 0.904 0.202 0653 - 0.000 1.000
Rars 0.415 0813 0.288  0.592 0.127 0722
Caiz 5781 0056 3.868  0.049 1913  0.167
Rays 0221 0895 0202 0653 0.019  0.890
Csiz 1.734 0.420- 0404 0.525 1.330 0.249

. Rpi4 7949 0.019 3.121 0.077 4828 0.028
Chis 5.105 0.078 3424 0.064 1.681 0.195

* To control experiment-wise Type I error rate (e.g., ogx = 0.05),
test-wise P values for bypass releases are compared to adjusted
significance levels for four tests (e.g., ar=0.0127)

(see Table 9).
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~ Appendix Table A14. Results of tests of goodness of fit to the Single-Release Model for
post-detection bypass treatment and reference releases of hatchery
steelhead from Lower Granite Dam (TEST 2 and TEST 3 of

Burnham et al. 1987.

Overall TEST 2.C2 TEST 3.SR3
Release % P value’ a P value’ x* P value

Ra 0.503 0.778 0417 0518 0.086 0.769
Ca11 1.609  0.447 0.013  0.909 1.596  0.206
Rgz 1.551  0.460 1493 0222 0.058 0.810
Can 2639 0267 2.033  0.154 0.606 0.436
Ry 0.150 0.928 0.003  0.956 0.147 0.701
Cai3 0.054 0973 0.035  0.852 0.019  0.890
Rai 2.864  0.239 1.865 0.172 0.999 0318
Chi4 0.106 0.948 0.069 0.793 0.037 0.847
Ra1s 2.799 0247 0.934 0334 1.865 0.172
Cpis 2.520 0.284 2.510 0.113 0.010 0.920

* To control experiment-wise Type I error rate (e.g., agx = 0.05),
test-wise P values for bypass and forebay releases are compared
to adjusted significance levels for five tests (e.g., oT = 0.0102)

(see Table 9).
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Appendix Table AlS5. Results of tests of goodness of fit to the Single-Release Model for
turbine test and reference releases of hatchery yearling chinook

salmon from Lower Granite Dam (TEST 2 and TEST 3 of

Burnham et al. 1987)

Overall TEST 2.C2 TEST 3.SR3
Release x2 P value’ x: P value’ x®  Pvalue

Ra, 5829 0.054 5496 0.019 0.333  0.564
Canr 2.747  0.253 2.708  0.100 0.039 0.843
D 4303 0.116 4301 0.038 0.002 0.964
. 2.888  0.236 2.099  0.147 0.789 0.374
Casz 2224 0329 1.114 0291 1.110  0.292
Da1, 2.505 0.286 0.033  0.856 2472 0.116

* To control experiment-wise Type I error rate (e.g., ogx = 0.05),
test-wise P values for bypass releases are compared to adjusted

significance levels for two tests (e.g., o= 0.0253)

(see Table 9).
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Appendix Table A16. Post-detection bypass survival estimates for hatchery yearling chinook
salmon released at Lower Granite and Lower Monumental Dams.
Standard errors in parentheses. Abbreviations: LGR-Lower
Granite Dam; LGO-Little Goose Dam; LMO-Lower Monumental
Dam; MCN-McNary Dam.

a) Lower Granite Dam

Reference group

Treatment group Post-detection
Releases survival LGR to survival LGR to bypass survival
LGO tailrace

LGO tailrace (Sg1)

(RBll’ CBII)
(RBIZ’ CBIZ)

0.826 (0.056)
0.922 (0.082)

0.823 (0.052)
0.870 (0.051)

1.004 (0.093)
1.060 (0.113)

(Ra13, Cai3) 0.891 (0.039) 0.893 (0.036) 0.998 (0.059)
(Ra14, Cpia) 0.819 (0.055) 0.940 (0.061) 0.871 (0.122)
Pooled” 0.976 (0.036)
b) Lower Monumental Dam
Tre:rt:;eor;ttiir:up ' Ret};e::;l;::tir ;)up Post-detection
ival
Releases detected at MCN detected at MCN bypas(sssu;‘v va
%) %) =
(Res1, Cas1) ’ 27.8 30.6 0.909 (0.070)
(Rgsz, Casa) 35.6 36.7 0.969.(0.065)
(Rgs3, Cass) 25.5 24.1 1.058 (0.092)
(Rgss Crza) 24.3 27.5 0.883 (0.075)
(Rgss, Cras) 11.9 10.8 1.100 (0.155)
Pooled’ " 0.954 (0.034)

* Pooled estimates are weighted averages of the independent estimates, with weights
inversely proportional to the respective estimated variances..

110



Appendix Table A17. Post-detection bypass survival estimates for hatchery steelhead released
at Lower Granite, Little Goose, and Lower Monumental Dams.
Standard errors in parentheses. Abbreviations: LGR-Lower
Granite Dam; LGO-Little Goose Dam; LMO-Lower Monumental
Dam; MCN-McNary Dam.

a) Lower Granite Dam
Treatment group Reference group Post-detection
Releases survival LGR to survival LGR to bypass survival
LGO tailrace LGO tailrace (Sg1)

" (Rai1, Cain) 0.947 (0.036) 0.918 (0.035) 1.032 (0.056)
(Rei, Ca)  0.896 (0.030) 0.916 (0.027) 0.978 (0.044)
(Rg13, Capa) 0.805 (0.032) 0.893 (0.038) 0.901 (0.052)
(Ra1s, Ca1e) 0.926 (0.027) 0.931 (0.027) 0.995 (0.041)
(Raus, Cais) 0.898 (0.027) 0.897 (0.027) 1.001 (0.043)
Pooled’ | 0.983 (0.019)

~ b) Little Goose Dam
Treatment group Reference group Post-detection
Releases survival LGO to survival LGO to bypass survival
LMO tailrace LMO tailrace (Sga)
(Rgz1, Caa1) 0.893 (0.043) 0.853 (0.043) 1.047 (0.073)
(Rgzz, Cp22) 0.931 (0.050) 0.975 (0.035) 0.955 (0.062)
(Rgzs, Cr3) 0.867 (0.025) 0.933 (0.030) 0.929 (0.040)
(Rags, Crza) 0.867 (0.053) © 0.787 (0.041) 1.102 (0.088)
(Razs, Cass 1.046 (0.064) 1.005 (0.055) 1.041 (0.085)
Pooled” 0.979 (0.031)

* Pooled estimates are weighted averages of the independent estimates, with weights
inversely proportional to the respective estimated variances.
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~Appendix Table A17. Continued.

c) Lower Monumental Dam

Treatment -group Reference .group Post- detecﬁon
Releases detzzzezozlifllCN detnge%oz;:llCN bypass survival
%) %) (Sp3)

(Ras1, Casy) 21.1 232 0.909 (0.085)
(Rasz, Caan) 22.4 20.9 1.072 (0.103)
(Ress» Cass) 20.0 19.3 11039 (0.106)
(Rass, Casa) 15.1 15.9 0.954 (0.115)
(Rgss, Cpss) 12.4 16.8 0.740 (0.091)
Pooled’ 0.929 (0.060)

* Pooled estimates are weighted averages of the independent estimates, with weights
inversely proportional to the respective estimated variances.

112



(Table A16b). Survival estimates from the five paired releases of hatchéry steelhead averaged
0.929 (s.e. 0.060) (Table Al7c).

* Becausel.0 was included in 95% conﬁ;ience intervals around the weighted average
estimates of post-detection bypass survival of both hatchery yearling chinook salmon and
 steelhead at all dams, we used the SR Modgl to estimate survival rates for the primary releases.

- However, post-detection mortality for both hatchery yearling chinook salmon and hatchery
steelhead was nearly signiﬁcaﬁt at the 0.05 level at Lower Monumental Dam.

Assumption A4--Treatment release groups and their corresponding r'eferencev gtoups mix
evenly and travel together downstream from the source of mortality under investigation.

Tests of homogeneity of passage distributions for paired bypass releases of hatchery yearling-
* chinook salmon and steelhead from Lower Granite Dam (Figs. Al and A2; Tables A18 and A19)
showed some significant differences in passage distributions at downstreém dams, particularly at
Little Goose Dam for the fifth paired release of hatchery steelhead.

The three simultaneous release groups for turbine evaluation at Lower Granite Dam
(treatment, draft tube reference, and bypass reference) mixed poorly, with several highly
significant differences in downstream passage (Fig. A3, Table A20a). In both replicate sets, the
b’ypass reference groups arrived downst.ream sooner than the other two groups. However,
passage distributions for the treatment and draft tube references were very similar (Table A20b).
For turbine survival estimation, therefore, the bypass reference release was ignored, and the PR
M_odel was applied to the treatment and draft tube reference groups. ‘

Tests of homogeneity of passage distributions for Little Goose Dam paired bypass releases

of hatchery steelhead showed some significant differences at Lower Monumental Dam
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Appendix Figure Al. Passage distribution at downstream dams for Lower Granite Dam paired bypass releases of hatchery chinook
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Appendix Table A18. Tests of homogeneity of passage distributions at downstream dams for Lower
Granite Dam patred bypass releases of hatchery yearling chinook salmon.
P values calculated using Monte Carlo approximation of the exact method.

, Degrees
Passage Releases 2 of P value
distribution X , value
freedom :
Little (Ra11, Cair) 20.26 17 0.236
Goose
Dam (RBIZa CBIZ) 17.52 17 0.409
(Rg13, Cpi13) 10.89 20 0.588
(Rg14, Cpi4) 27.78 17 0.023
Lower ’ (RBII’ CBH) 29.73 17 0.016
‘Monumental ’ '
Dam (RB12’ CBIZ) 19.11 15 0.184
(Rg13, Cri3) 14.81 14 0.380
(Rps, Cr1a) 25.61 17 0.049
McNary (RBlla CBll) ' 27.47 18 0.054 _
Dam ‘
(Rg12, Cg12) 2947 21 0.066
(Rg13, Cgi13) 9.43 9 0.409
Rg14) Cp1a) 7.76 14 0.941

* To control experiment-wise Type I error rate (e.g., agx = 0.05),
test-wise P values are compared to adjusted significance levels
for four tests (e.g., oty = 0.0127) (see Table 9).
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Appendix Table A19. Tests of homogeneity of passage distributions at downstream dams for Lower
Granite Dam paired bypass releases of hatchery steelhead. P values calculated

using Monte Carlo approximation of the exact method. -
Degrees
.Pa.f,sag.e Releases 22 of P value
distribution ;
freedom
Little (RBll) CBl 1) 13.99 18 . 0.774
Goose .
_‘ Dam (RBIZa CBIZ) 28.85 ) 18 0.025
(Raus, Caia) 15.78 14 0.314
(Rg14, Cr14) 19.26 17 0.297
(Rg;s, Cgis) 39.30 18 <0.001
Lower (RBll’ CBll) 22.40 21 0.375
Monumental
Dam (RB121 CBIZ) 16.6 20 0.739
(Rg13, Cg13) 26.41 18 0.072
(Rg14, Cr1a) 18.07 24 0.889
(Rg1s, Cais) 23.26 21 0.319
McNary (Ra11> Ca11) 18.34 17 0.357
Dam ’
(Rg12, Ca12) 8.60 15 0.915
(Rg13, Cg13) 25.27 19 0.117
(Rg14> Cpi1a) 18.64 17 0.336
(RBISa CBIS) 17.99 17 0383

* To control experiment-wise Type I error rate (e.g., agx = 0.05),
test-wise P values are compared to adjusted significance levels
for five tests (e.g., oy = 0.0102) (see Table 9).
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Appendix Figure A3. Passage distributions at downstream dams for Little Goose Dam pdired bypass releases of hatchery
steelhead.



Appendix Table A20. Tests of homogeneity of passage distributions at downstream dams for Lower
- Granite Dam turbine treatment releases and corresponding reference releases
of hatchery yearling chinook salmon. P values calculated using Monte Carlo

approximation of the exact method.

a) Turbine treatment, bypass reference, and draft tube reference.

P Degrees
assage Releases e of P value
distribution .
freedom
Little (R411, C4“’ D4“) 94 .55 - 46 <0.001
Goose '
Dam (R412, C412’ D412) 96.26 42 ) <0.001
Lower (R411, C4“’D411) 85.01 44 <0.001
Monumental
- Dam (Ra12, Ca12,Darz) 4751 44 0.315
MCNa.l'y (R.41 1 C41 1, D411) 108.00 48 <0.001
Dam ' ' ' |
(Ra12, C412,D412) 48.83 42 0.214

* To control experiment-wise Type I error rate (e.g., agg = 0.05),

test-wise P values are compared to adjusted significance levels
for two tests (e.g., or = 0.0253) (see Table 9).
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Appendix Table A20. Continued.

b) Turbine treatment and draft tube reference.

Passage Degrees
- assag Releases 2 of P value
distribution
freedom
Little (R411, D41 1) 33.28 23 0.056
Goose '
Dam (R412, D412) 2485 21 0.242
Lower - (R411, D411) 2533 22 0.263
Monumental
Da.m (R412, D412) 1681 22 082].
MCNary (R411, D411) 29.40 23 0.146
Dam . .
(R412, Dar2) 24.56 21 0.241

* To control experiment-wise Type I error rate (e.g., agx = 0.05),
test-wise P values are compared to adjusted significance levels
for two tests (e.g., ar = 0.0253) (see Table 9).
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(Table A21). However, compa_rison of passage distributions shows that the actual differences
were very small (Fig. A4). The statistical significance of the difference was a reflection of the
highly sensitive nature of the test; the small actual diﬂ‘efence was not likely to result in differences
in survival or capture probabilities downstream from release.

McNary Dam passage distﬁbuﬁons were significantly different (azy = 0.05) for the second
and third paired bypass and reference releases of hatchery yearling chinook salmon (Table A22).
Passage distributions at McNary Dam for the first paired releases of hatchery steelhead from
Lower Monumental Dam were also significantly different (Table A23). However, comparison of
passagé distributions shows a maximum difference of 1 ‘day in the passage of the 2 groups (Figs.
A5 and A6). The effects of such small differences on survival and detection rates below Lower

Monumental Dam were probably negligible.
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Appendix Table A21. Tests of homogeneity of passage distributions at downstream dams for Little
Goose Dam paired bypass releases of hatchery steelhead. P values calculated
using Monte Carlo approximation of the exact method.

Passage Degrees
- a%sag Releases x of P value
distribution
freedom
Lower (Rgz1> Ca21) 32.87 13 <0.001
Monumental
Dam (Razz, CBZZ) 4794 19 <0.001
(Rg23, Cp23) 26.70 22 0.180
(Rg24, Cpa4) - 784 16 0.975
(Rgzs, Cgas) 32.12 16 0.002
McNary (Rgz1, Caar) 14.93 15 0.462
Dam ’ : ‘
(Rp22, Cp22) 13.34 15 ) 0.620
(Rgz3, Cg23) 11.16 16 0.867
(Rg24, Cpa24) 9.17 12 0.754
(Rgzs, Cpzs) 12.88 4 13 0.473

* To control experiment-wise Type I error rate (e.g., agx=0.05),
test-wise P values are compared to adjusted significance levels
for five tests (e.g., oy = 0.0102) (see Table 9).
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Appendix Figure A4. Passage distributions at McNary Dam for Lower Monumental Dam paired bypass releases of hatéhery chinook

salmon.




Appendix Table A22.

Tests of homogeneity of passage distributions at McNary Dam for Lower
Monumental Dam paired bypass releases of hatchery yearling chinook
salmon. P values calculated using Monte Carlo approximation of the exact

method.
Passage Releases 2 Dei‘ees alue’
distribution X P value
freedom
McNary (Rss1, Crs1) 26.04 3 0.004
Dam

(Rg3z, Cg32) 37.97 10 <0.001

(Rg33, Cg33) 37.61 11 <0.001

(Rg34, Cpsa) 7.76 14 0.939

20.41 8 0.003

(Rgs3s, Cpss)

* To control experiment-wise Type I error rate (e.g., agx = 0.05),

test-wise P values are compared to adjusted significance levels
for five tests (e.g., or = 0.0102) (see Table 9).
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Appendix Table A23. Tests of homogeneity of passage distributions at McNary, Dam for Lower
Monumental Dam paired bypass releases of hatchery steelhead. P values
calculated using Monte Carlo approximation of the exact method.

‘ Degrees
Passage Releases ) of . P valuc”
distribution X value
freedom
McNary ~ (Rgsy, Caay) 20.18 10 0.015
Dam , _
(Rgs2, Cpsz) 9.76 11 0.586
(Rgs3, Cps3) 17.11 11 0.070
(Rg34, Cra) 10.85 10 . 0.378
6.38 7 0.510

(Rgss, Cgss)

* To control experiment-wise Type I error rate (e.g., agx= 0.05),

test-wise P values are compared to adjusted significance levels
for five tests (e.g., o = 0.0102) (see Table 9).
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APPENDIX B -- DATA BASE PREPARATION
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Appendix Table B1. Number of hatchery yearling chinook salmon PIT tagged and released in Lower Granite Reservoir near the Port
of Wilma, 9 April-5 May 1995. Fish eliminated from analyses for various reasons, and post-tagging mortalities

analysis

119

are shown.
Release Rp, Rp, Ry Ry, Rps Rp Ry, Rps Rpo Rpio Rpyy Rpiz Total
Release date 9 Apr 11 Apr 15 Apr 18 Apr 20 Apr 23 Apr 25Apr 27 Apr 29Apr 1May 3 May 5 May
Total fish in 1,250 781 1,183 568 691 1,246 1,260 1,223 1,065 1,210 455 119 11,051
tagging files -
Detections 3 1 0 0 3 0 1 2 1 2 0 0 13
"out of order"
Detection 0 0 0 0 0 0 0 1 0 0 0 0 1
before release
Handling (#) 17 1 2 2 7 1 0 2 2 0 0 36
mortality (%) 1.4 03 0.1 04 03 0.6 0.1 0.0 0.2 0.2 0.0 0.0 03
Total # 20 3 1 2 5 7 2 3 4 0 0 50
rejected (%) 1.6 04 0.1 04 0.7 0.6 0.2 0.2 03 03 0.0 0.0 0.5
Totﬁl fish in 1,230 778 1,182 566 686 1,239 1,258 1,220 1,062 1,206 455 11,001
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Appendix Table B2. Number of hatchery steelhead PIT tagged and released in Lower Granite Reservoir near the Port of Wilma, 22-April-
12 May 1995. Fish eliminated from analyses for various reasons, and post-tagging mortalities-are shown.

Release Ry, Rp, Rps Rps Rps Rps Ry, Rpg Rpg Rpio Rpny Total

Release date 22 Apr 24 Apr 26 Apr 28 Apr 30 Apr 2May 4May 6May 9May 11May 12 May

Total fish in 1,132 1,007 1,214 1,195 1,250 1,1 83 1,050 1,240 874 827 148 11,120
tagging files
Detections 2 2 0 2 1 0 0 0 0 0 0 , 7

“out of order"

Detection 0 0 2 0 0 0 1 0 0 0 0 3
before release

Handling (%) 0 0 0 0 0o 0 0 0 0 1 0o 1
mortality (%) 00 00 00 00 00 00 00 00 00 01 00 0.01
Total * 2 2 2 2 1 o 1 0 o . 1 0 11
rejected (%) 02 02 02 02 01 00 01 00 00 01 00 0.1
Total fish in 1,130 1,005 1212 1,093 1249 1183 1,049 1240 874 826 148 11,109

analysis




Appendlx Table B3. Number of hatchery yearling chinook salmon PIT tagged and released at Lower Granite Dam to evaluate
post-detection survival in the bypass system during 1995. Fish eliminated from analyses for various reasons,
and post-tagging mortalities are shown.

I€1

Release Rgi Can Rg1, Coi2 Rgis Cois Rgi4 Cai4 Total
Release date 18 Apr 18 Apr 21 Apr 21 Apr 9May 9May 16May 16 May
Total fish in 979 777 882 813 918 720 869 771 6,729
tagging files
Trahsported from 126 1 132 1 117 0 87 1 465
release site
Unknown route at 0 0 3 0 4 0 4 0 11
release site
Detection 0 0 0 0 0 0 3 1 4
before release
Detections 0 0 2 0 0 0 0 0 2
"out of order" ' '
Handling (number) 6 2 6 34 20 18 8 2 96
mortality (%) 0.6 0.3 0.7 4.2 2.2 2.5 0.9 0.3 1.4
Total (number) 132 3 143 - 35 141 18 102 4 578
rejected (%) 13.5 0.4 16.2 43 15.4 2.5 11.7 0.5 8.6

Total fish in 847 774 739 778 777 702 767 767 6,151
analysis :




Appendix Table B4. Number of hatchery steelhead PIT tagged and released at Lower Granite Dam to evaluate post-detection survival
in the bypass system during 1995. Fish eliminated from analyses for various reasons, and post-tagging mortalities

el

~are shown.

Release Ran Cenl Rgi2 Cei2 Rgi3 Cais Rgy4 Chi4 Rgis Cais Total

Release date 28 Apr 28 Apr 2May 2May 5May SMay 10 May 10May 17May 17 May

Total fish in 853 752 855 762 - 815 756 866 759 821 740 7,979
tagging files '

Transported from 65 0 144 1 92 0 78 0 61 0 441
release site ' '

Unknown route at 2 | 0 13 0 B 0 2 0 0 0 18
release site ’ -

Handling  (number) 0 0 1 2 3 2 1 0 0 1 10
mortality (%) 0.0 0.0 0.1 0.3 0.4 0.3 0.1 00 00 01 0.1

Total (number) 67 0 158 3 96 2 81 0 61 1 469
rejected (%) 7.9 00 185 04 118 0.3 9.4 0.0 7.4 0.1 5.9

Total fish in 786 752 697 759 719 754 785 759 760 739 7,510

analysis




Appendix Table B5. Number of hatchery yearling chinook salmon PIT tagged and released at
- Lower Granite Dam to evaluate turbine passage survival during 1995. Fish
eliminated from analyses for various reasons, and post-tagging mortalities are

shown.
. Release ) R41 C41 D41 R42 C42 D42 Total
Release date - 20Apr 20Apr 20Apr 22Apr 22Apr 22 Apr
Total fish in 1,616 802 802 1,646 - 804 808 '6,478
tagging files
Transported from 0 .0 0 2 3 0 5
release site '
Detection 0 0 0 1 2 2 5
before release ' '
‘Detections ' 0 0 0 2 -0 0 2
"out of order"
Handling  (number) 11 16 22 10 5 5 69
mortality (%) 0.7 2.0 2.7 0.6 0.6 0.6 1.1
Total (number) 1 - 16 22 15 10 7 81
rejected (%) 0.7 2.0 2.7 0.9 1.2 0.9 1.3
Total fish in 1,605 786 780 1,631 794" 801 6,397

analysis
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Appendix Table B6. Number of hzitchery steelhead PIT tagged and released at Little Goose Dam to evaluate post-detection survival in
the bypass system during 1995. Fish eliminated from analyses for various reasons, and post-tagging mortalities

are shown.

Release Rgy) Cen  Rpp Cen Rpys Ce2s Rpa4 Cha4 Rpys Chgas Total

Release date 9May 9May 12May 12May 16May 16May 22May 22May 27 May 27 May

Total fish in - 859 | 773 860 751 865 762 863 641 863 739 7,976
tagging files

Transported from 220 0 417 1 200 0 258 0 81 0 1,177
release site \ : .

"~ Unknown route at 14 0 11 0 o 0 0 0 1 0 26

release site '

Handling (number) 4 0 1 6 0 1 4 5 2 0 23
mortality (%) 0.5 0.0 0.1 0.8 0.0 0.1 0.5 0.8 0.2 0.0 03

Total " (number) - 238 0 429 7 200 1 262 5 84 0 1,226
rejected (%) 27.7 _ 0.0 499 09 23.1 0.1 304 0.8 9.7 0.0 154

Tptal fish in 621 773 431 744 665 761 601 636 779 739 6,750

analysis
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Appendix Table B7. Number of hatchery yearling chinook salmon PIT tagged and released at Lower Monumental Dam to evaluate
post-detection survival in the bypass system during 1995. Fish eliminated from analyses for various reasons, and
post-tagging mortalities are shown.

Release Rgsi Céal Rps; Cea2 Rps; Cpas Rpsy Chis Rpss Cass Total

Release date 4May 4May 7May 7May 11May 11May 15May 15May 21 May 21 May

Total fish in 884 . 772 892 747 860 763 853 756 862 761 8,150
tagging files ‘

Transported from . 11 2 58 0 17 0 26 0 26 0 140

release site

Unknown route at 3 0 1 0 1 0 5 0 1 0 11
release site '

Handling (number) 1 0 1 6 2 3 3 4 1 1 22
mortality (%) 0.1 00 01 0.8 0.2 0.4 04 05 0.1 0.1 0.3
Total  (number) 15 2 60 6 20 3 34 4 28 1 173
rejected (%) 1.7 0.3 6.7 0.8 23 0.4 4.0 0.5 3.2 0.1 2.1
Total fish in 869 770 832 741 840 760 819 752 834 760 7,977

analysis




9¢1

Appendix Table B8. Number of hatchery steelhead PIT tagged and released at Lower Monumental Dam to evaluate post-detection
survival in the bypass system during 1995. Fish eliminated from analyses for various reasons, and post-tagging
mortalities are shown.

Releasé Rgs) Caa Rg3, Chaz Rgs; Chas Rps4 Chas Rpss Cms} Total

Release date | 13May 13May 17May 17May 19May 19May 26May 26May 31May 31 May

Toial fish in 863 773 853 763 859 750 837 766 849 ° 779 8,032
tagging files

Transported from 12 0 27 0 22 0 18 0 40 0 119

release site

Unknown route at 6 0 1 0o 1 0 34 0 1 0 12
release site '

Detection -0 1 0 0 0 0 0 0 0 0 1
before release ' ’

Handling  (number) 0 0 0 3 2 3 4 7 4 11 34
mortality (%) 0.0 0.0 0.0 0.4 0.2 0.4 0.5 10 . 05 1.4 0.4
Total (number) .18 1 28 3 25 3 25 7 45 11 166
rejected (%) 2.1 0.1 33 0.4 2.9 0.4 3.0 1.0 5.3 1.4 2.1

Total fish in 845 772 825 760 834 747 812 699 804 768 7,866
analysis _




APPENDIX C - SURVIVAL ESTIMATES FOR DAILY RELEASES INTO LOWER
GRANITE DAM TAILRACE '
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Appendix Table C1. Estimates of survival probabilities for daily releases of hatchery yearling chinook into the tailrace of Lower
Granite Dam for comparison with transported smolts. Estimates based on the Single-Release Model.
Standard errors in parentheses. Abbreviations: LGR-Lower Granite Dam; LGO-Little Goose Dam;
LMO-Lower Monumental Dam; MCN-McNary Dam.

Date Number LGR 10 LGO LGO 1w LMO LGR to LMO Date Number LGR 10 LGO LGO 10 LMO LGR 10 LMO

released S (Suy) Sz released (Sw) (Sw) (Sad)
9 Apr 8l 0.991 ©o.nun 0844 (0.166) 0836 (0.117) 2) May No fish released.
10 Apr 51 0.882 (0.180) 0892 (0317) 0.787 (0.221) 22 May No fish released.
11 Apr 9 0.841 (0.085) 119  (0.275) 1005 (0.216) 23 May No fish released.
12 Apr 211 0.701  (0.055) 1.218  (0.199) 0853 (0.13)) 24 May No fish released.
13 Ape X 291 0871 (0.088) 0909  (0.152) 0792  ({0.099) ° 25 May . BSS 0927 (0.047) 0.834 (0.088) 0773 (0.009)
14 Apr 550 0.947 (0.120) 07717 (0.137) 0.735 (0.079) 26 May 200 0764 (0.081) 0.899 (0.167) 0686 (0.109)
15 Apr 597 0995 (0.124) 0821 (0.138) 0817 (0.079) 27 May 2 0.769 (0.073) 1.243 (040]) 0956 (0.296)
16 Apr 427 0907 (0.118) 0822 (0.149) 0.746  (0.076) : 28 May No fish released.
17 Apr 629 0915  (0.085) 0951 (0.125) 0870 (0.075) 29 May 274 0.929 (0.124) 1.209 (0.388) 1124 (0.323)
18 Apr 2250 0.865 (0.039) 0998 (0.067) 0.863 (0.041) 30 May 450 0939 (0.091) 0.747 (0.132) ) 0701  (0.099)
19 Apr 3734 0955 (0.039) 0922 (0.055) 0.881 (0.035) 31 May 12 0892 (0.149) 0.746 (0.216) 0.666 (0.159)
20 Apr 2238 0.898  (0.039) 0998 (0.070) 08% (0.047) 1 Jun 120 0981 (0221) 0.549 (0.170) 0539 (0.106)
21 Apr 2174 0.857 (0.033) 0910 (0.056) 0.779 (0.036) 2Jun 184 0779 (0077) 0982 (0.200) 0.766  (0.140)
22 Apr 3012 0.855 (0.025) 0989 (0.052) 0846 (0.036) 3 Jun 94 0936 (0.174) 0.786  (0.236) 0736 (0.168)
23 Apr 2905 0872 (0.024) 0973 (0.048) 0.848 (0.035) 4 Jun 235 0923 (0.076) 0.716 (0.098) 0660 (0.071)
24 Apr 2297 0.836 (0.024) 1.033  (0.058) 0864 (0.041) ' $ Jun 251 0854 (0.054) 1.048 (0.165) - 0894 (0.131)
25 Apr 2753 0838 (0.022) 0936 (0.047) 0784 (0.034) 6 Jun 121 0915 (0.050) 1.020 (0.113) 0933  (0.094)
26 Apr 3476 0.865 (0.019) 0971 (0.043) 0.840 (0.032) 7 Jun 132 0912 (0.04)) 0994 (0.128) 0906 (0.112)
27 Ape 3469 - 0.884  (0.020) i 0945 (0.042) 0.835 (0.031) 8 Jun 116 0892 (0.061) 0.723  (0.095) 0.645 (0.074)
28 Apr 3815 0.889 (0.020) ' 0957 (0.038) 0.850 (0.028) 9 Jun 82 0.789  (0.060) 1.418 (0.504) N1 (0.397)
29 Apr 5663 0.888 (0.015) 0944 (0.029) 0.838 (0.021) 10 Jun 67 0.800 (0.081) 1.048 (0.284) 0838 (0.220)
30 Apr 5238 0.879 (0.015) 0949 (0.029) 0.834 (0.021) 11 Jun 63 0934 (0.106) 0706 (0.191) 0.659 (0.155)
| May 6815 0884 (0.013) . 0922 (0.023) 0815 (0.017) 12 Jun 46 0840 (0.072) 1.360 (0.538) . 1142 (0.450)
2 May 5349 0.895 (0.013). 0915 (0.024) 0818 (0.017) 13 Jun 39 0829 (0.118) 0.776 (0.218) 0644 (0.160)
3 May 2n 0927  (0.024) N 0851 (0.034) 0.789  (0.023) 14 Jun 19 0987 (0.193) 1.206 (0.807) 1190 (0.740)
4 May na3 0914 (0.013) 0909 (0.022) 0.832 (0.0i6) . 15 Jun 21 2905 (2.288) 0.150 (0.176) 0436 (0.316)
5 May 6262 0.921 (0.016) 0.908 (0.027) 0.837 (0.019) 16 Jun 17 Insufficient detections
6 May 3550 0.909 (0.020) 0936 (0.037) 0.850 (0.027) 17 Jun 45 1.256 (0.179) 0.800 - (0.605) 1004 (0.721)
7 May 5494 0.902 (0.014) 0.897 (0.025) 0.809 (0.018) 18 Jun 3 0919 (0.266) 0491 (0.210) 0451 (0.130)
8 May 3792 0.854 (0.017) 0879 (0.029) 0.751  (0.020) 19 Jun 20 4.050 (3.416) 0.128 (0.130) 0517 (0.212)
9 May 2138 08% (0.023) 0932 (0.04)) 0835 (0.029) 20 Jun 50 0.807 (0.097) 0770  (0.393) 0622 (0.309)
10 May 2824 0.880 (0.031) 0969 (0.050) 0.853 (0.031) ) 2) Jun 34 0533 (0.099) 1.052  (0.396) 0560 (0.226)
i1 May 3110 0853 (0.029) 1.004  (0.051) 0857 (0.032) 22 jun 48 0736 (0.087) 1.086 (0.226) 0799 (0.169)
12 May 1220 - 0.823  (0.046) 0847 (0.068) 0697 (0.041) 23 Jun 40 0819 (0.136) 1.328 (0672 1087 (0529)
13 May No fish released. 24 Jun 28 0.690 (0.092) 0857 (0.094) 0592 (0.097)
14 May 104} 0928 (0.051) 0923 (0.089) 0.857 (0.066) 25 Jun 22 0795 (0.115) 0.667 (0.136) 0.530 (0.108)
15 May 651 0833 (0.055) 1.087 (0.141) 0.905 (0.101) 26 Jun 10 0.667 (0.192) 0.900 (0.506) 0.600 (0.346)
16 May 543 0.850 (0.075) 0951 (0.143) 0.808 (0.097) 27 Jun 10 T 1500 (1.031) 0.600 (0.607) 0900 (0.589)
17 May 784 0.814 = (0.051) 0971  (0.105) 0791  (0.070) 28 Jun 16 Insufficient detections
18 May 447 0.890 (0.067) 0878 (0.118) 0.781 (0.084) 29 Jun 23 Insufficient detections
19 May 388 0810 (0.069) 0865 (0.129) 0.701  (0.086) 30 Jun 21 insufficient detections

20 May 322 0.869 (0.050) 1.055  (0.135) 0917 (0.106) 1 Jul 6 Insufficient detections
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Appendix Table C2. Estimates of survival probabilities for daily releases of wild yearling chinook into the tailrace of Lower

Granite Dam for comparison with transported smolts. Estimates based on the Single-Release Model.
Standard errors in parentheses. Abbreviations: LGR-Lower Granite Dam; LGO-Little Goose Dam;
LMO-Lower Monumental Dam; MCN-McNary Dam.

Date Number LGR 0 LGO LGO 10 LMO LGR 10 LMO
released (Sp2) Sw) (C]
9 Apr 186 0872 (0.044) 0816 (0.087) 0712 (0.067)
- 10 Apr 195 0864 (0.034) 1.584  (0.325) 1.369 (0.279)
11 Apr 380 0877 (0.027) 0942  (0.064) 0826 (0.052)
12 Apr 579 0872  (0.030) 0865  (0.060) 0754 (0.044)
13 Apr 616 0902 (0.045) 0823 (0.077) 0.743  (0.056)
14 Apr 861 0.902 (0.055) 0867 (0.091) 0.782  (0.060)
15 Apr 1041 0.825 (0.052) 0959 (0.099) 0.791 (0.061)
16 Aps 749 0984  (0.108) 0886  (0.146) 0872 (0.095)
17 Apr 107 0.858 (0.067) 0968 (0.113) 0.831 (0.066)
18 Apr 2148 0751 (0.043) 1159 (0.095) 0870 (0.050)
19 Apr 2167 0910 (0.064) 0888  (0.080) 0808  (0.040)
20 Apr 1140 0960 (0.078) 0902  (0.100) 0866 (0.059)
21 Apr ni7 0.925 (0.055) 0988 (0.092) 0914 (0.060)
22 Apr o7 0877 (0.048) 0986 (0.082) 0:8364 (0.050)
23 Apr 945 0.891 (0.053) 0845 - (0.0M) 0753 (0.042)
24 Apr 697 1.014  (0.066) 0851 (0.095) 0863 (0.072)
25 Apr 682 0.857  (0.045) 1163 (0.128) 0.997 (0.097)
26 Apr 465 0.805 (0.043) 0913  (0.09%) 0.735 (0.063)
27 Apr " 0854 (0.042) 0826 (0.082) 0.705  (0.060)
28 Apr 744 0853 (0.040) 1004  (0.094) 03856 (0.070)
29 Apr 910 0.888  (0.027) 1.065  (0.072) 0946  (0.058)
30 Apr 813 0994 (0.039) 0.738  (0.048) 0734 (0.035)
1 May 827 0917 (0.030) 0952 (0.055) 0873 (0.042)
2 May 760 0902  (0.026) 0898 - (0.050) 0.809 (0.039)
3 May 300 0946 (0.040) 1004 (0.077) 0.950 (0.061)
4 May 864 089 (0.025) 0934 (0.042) 0837 (0031)
S May 1201 . 0907 (0.029) 0878 (0.045) 0.79 (0.032)
6 May 435 0873 (0.044) 0.787 (0.069) 0,687 (0.049)
7May 651 03859 (0.031) 0934  (0.062) 0802 (0.045)
8 May 513 0864 (0.031) 0908 (0.058) 0.785 (0.043)
9 May 265 0897 (0044) 1.020 (0.116) 0914 (0.0%4)
10 May 470 0855 (0.052) 1.017  (0.094) 0.870 (0.062)
11 May 466 0.859  (0.057) 1031 (0.100) 0886 (0.064)
12 May 492 0878 (0.0449) 0.846 (0.065) 0.743  (0.043)
13 May  No fish released
14 May 271 0998 (0.088) 0776 (0.114) 0.774  (0.082)
15 May 215 0.906 (0.093) 1038 (0.206) 0940 (0.157)
16 May 160 0915 (0.081) 0839 (0.116) 0.768 (0.079)
17 May 174 1.072  (0.128) 0769 (0.160) 0825 (0.123)
18 May 75 0876 (0.113) 0.745 (0.158) 0.653- (0.108)
19 May 83 0982 (0.153) 0845 (0.214) 0.830 (0.152)
20 May 5 - 0945  (0.117) 0885 (0.175) 0837 (0.125)

Date Number LGR 10 LGO LGO 10 LMO LGR w0 LMO
released (Sx2) (Sw) (Sgd)
21 May  No fish released
22 May - No fish released
23May  No fish released.
24May  No fish seleased.
25 May 402 0932 (0.045) 0860 (0.085) 0802 (0.066)
26 May 123 0948 (0.097) 0853 (0.203) 0809 (0.167)
27 May 152 0.770  (0.060) 1.016  (0.154) 0.782 (0.110)
28 May  No fish released.
29 May 240 0.874 (0.046) 0963 (0.105) 0842 (0.084)
30 May 350 0835 (0.051) 0.777  (0.079) 0.649 (0.055)
31 May s 0868 (0.081) 0682 (0.104) 0592 (0.073)
1 Jun 71 0.780 (0.082) 0.933 . (0.138) 0728 (0.102)
2 Jun 87 0833 (0.069) 0946 (0.187) 0788  (0.147)
3 Jun 57 L1166 (0.215) 0.570  (0.156) 0664 (0.109)
4 Jun 161 - 0.839 (0.042) 1.004 (0.084) 0843 (0.069)
5 Jun 210 1.007  (0.042) 0877 (0.085) 0883 (0073)
6Jun 139 0944 (0.049) 0834 (0.076) 0.787  (0.060)
7 Jun 225 0879 (0.032) 0.837 (0.058) 0.737 (0.049)
8 Jun 218 0923 - (0.033) 0799  (0.060) 0737 (0.050)
9 Jun 122 0877 (0.042) 0934  (0.090) 0819 (0.077)
10 Jun 147 0.837 (0.048) 0987 (0.155) 0826 (0.126)
1 Jun 120- 0.900 (0.051) 0730 (0.092) 0.657 (0.074)
12 Jun , 112 0866 (0.051) 0862 (0.110) 0.746 (0.090)
13 Jun 89 0913  (0.069) 0.630 (0.085) 0.575  (0.063)
14 Jun 57 0939 (0.115) 0695 (0.144) 0.653 (0.103)
15 Jun 32 0.740  (0.086) 1.034 (0.121) 0764 (0.117)
16 Jun 33 0778 (0.101) 0.838 (0.323) 0.652 (0.246)
17 Jun sl 0922 (0.118) 1.076  (0.403) 0991 (0.345)
I8 Jun 48 0.799  (0.078) 0829 (0.169) 0663 (0.133)
19 Jun 51 0875 (0.102) 0763  (0.171) 0668 (0.129)
20 Jun 87 0.847 (0.056) 0879 (0.123) 0.745 _ (0.101)
21 Jun 82 0836 (0.080) 0709 (0.108) 0593 (0.077)
22 Jun 105 0810 (0.066) 0.715  (0.078) 0578  (0.055)
23 Jun 100 0.751  (0050) 1.005  (0.080) 0755  (0.070)
24 Jun 98 0.788 (0.062) 0.767  (0.106) 0604 (0080)
25 Jun 45 0822 (0.084) 0.562 (0.128) 0462 (0.098)
26 Jun 32 0594 (0.09) 1.148  (0.080) 0682 . (0.114)
27 Jun 22 Insufficient detections
28 Jun 21 0714 (0.147) ' 1133 (0.57) 0810 (0.406)
29 Jun 41  Insufticient detections
30 Jun 47 0730 (0.094) 0.758  (0.154) 0.554 (0.109)
1l 34 0935 (0.223) 0.747 (0.513) 0698 (0.437)
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Appendix Table D1. Travel times and migration rates between the Port of Wilma and Lower Granite Dam (49 km) for primary releases of
hatchery yearling chinook salmon. '

Travel time (days) ) Migration rate (km/day)

Release = Date  Number Minimum 20%  Median 80% Maximum Minimum 20%  Median 80% Maximum
Rp; 9 Apr 509 3.33 9.05 15.72 19.46 34.41 1.42 2.52 3.12 5.41 14.71
Rp, 11 Apr\ 362 3.93 8.25 14.24 17.66 - 30.94 1.58 2.77 3.44 5.94 12.47
Rp; 15 Apr 461 3.86 11.63 15.24 22.14  40.03 1.22 2.21 3.22 421 12.69
Res, 18Apr 248 290 768 1034 1422 4169 118 345 474 638 1690
Rps 20 Apr 325 2.51 7.29 9.30 12.29 31.30 1.57 3.99 5.27 6.72 19.52
Ree 23Apr 590 297 537 743 949 3474 141 516 659 912 1650
Rpy 25 Apr 584 2.11 4,26 599 . 742 26.58 - 1.84 6.60 8.18 11.50 23.22
Res 27Apr 487 214 436 538 968 33.77 145 506 911 1124 2290
Rpg 29 Apr 382 232 3.61 6.51 10.16 25.64 1.91 4.82 7.53 13.57 21.12

‘Rpio 1 May 430  1.67 1 3.82 5.95 7.84 20.34 241 6.25 8.24 12.83 29.34
Rt 3 May 136 1.99 4.29 5.54 7.63 26.51 1.85 6.42 8.84 11.42 24.62

Rp;; 5 May 37 2.53 3.47 6.49 13.44 2451 2.00 3.65 7.55 14.12 19.37




[44!

Appendix Table D2. Travel times and migration rates between the Port of Wilma and Lower Granite Dam (49 km) for primary releases of

hatchery steelhead.
Travel time (days) Migration rate (km/day)

Release Date  Number Minimum‘ 20%  Median 80% Maximum Minimum 20% Median 80% Maximum
Rp, - 22 Apr 870 2.40 3.64 5.16 8.87 40.01 122 552 9.50 13.46 20.42
Rp, 24 Apr 755 1.63 2.96 435 7.66 27.70 ‘ 1.77 6.40 11.26 16.55 30.06
Rps 26 Apr ' 946 1.56 2.74 4.29 6.03 56.39 - 0.87 8.13 11.42 17.88 31.41
Rpy 28 Apr 914 1.02 2.78 ) 3.71 536 43 83 ‘ 1.12 9.14  13.21 17.63 48.04
Rps 30 Apr 865 1.23 2.53 3.01 495 19.85 2.47 9.90 16.28 19.37 39.84
Rps 2 May 605 0.76 2.50 2.94 6.37 27.45 1.79 7.69 16.67 19.60 " 64.47
Rp; 4 May 522 1.38 2.03 2.87 457 19.88 2.46 10.72 17.07 24.14 35.51
Rypg 6 May 618 1.38 1.63 230 293 25.61 1.91 16.72 21.30 30.06 35.51
Rp9l 9 May 436 1.20 1.59 2.06 3.42 26.10 1.88 14.33 23.79 30.82 40.83
Rpio 11 May 392 0.53 1.44 1.82 3.17 23.62 | 2.07 15.46 26.92 34.03 92 .45

Rpyg 12 May 73 1.39 1.65 2.23 4.09 12.10 4.05 11.98 21.97 29.70 35.25
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Appendix Table D3. Travel times and migration rates between Lower Granite Dam and Little Goose Dam (60 km) for primary releases of
hatchery yearling chinook salmon. '

Travel time (days) Migration rate (km/day)

Release = Date Number Minimum 20%  Median 80% Maximum Minimum 20% Median 80% Maximum
Ry, 9 Apr 129 2.84 447 6.43 924. 19.05 3.15 6.49 9.33 13.42 2~l.13
Rp,; 11 Apr 80 2.49 4.03 5.02 7.56 1480 4.05 7.94 11.95 14.89 24.10
Rps 15 Apr 122 2.32 421 6.02 8.10 13.35 4.49 7.41 9.97 14.25 25.86
Rps 18 Apr 59 2.65 3.81 545 7.46 11.35 5.29 8.04 11.01 1575 22.64
Rps = 20 Apr 105 2.17 3.81 5.12 6.51 17.97 3.34 9.22 11.72 15.75 27.65
Rps 23 Apr 192 2.17 3.55 4.86 6.23 12.88 4.66 9.63 12.35 16.90 27.65
Ry, 25 Apr 194 2.07 3.59 4.49 5.99 18.35 3.27 10.02 13.36 16.71 28.99
Rps 27 Apr 151 2.14 3.92 4.86 6.74 13.81 4.34 8.90 12.35 15.31 28.04
Rpo 29 Apr 108 2.29 3.65 4.79 6.58 16.03 3.74 9.12 12.53 16.44 26.20
Rpo 1May 100 207 290 390 549 878 683 1093 1538 2069 28.99
Rpiy 3 May 28 1.99 3.10 4.29 6.29 16.59 3.62 9.54 13.99 1935 . 30.15

Rp, 5 May 8§ 237 323 485 756 924 649 794 1237 1858 2532
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Appendix Table D4. Travel times and migration rates between Lower Granite Dam and Little Goose Dam (60 km) for primary releases of

hatchery steelhead.

Travel time (days)

Migration rate (km/day)

Release @ Date  Number Minimum 20%  Median 80% Maximum Minimum 20%  Median 80% Maximum
Rp, 22 Apr 276 1.59 3.55 5.36 8.15 19.99 3.00 7.36 11.19 16.90 37.74
Rp, 24 Apr 254 1.82 3.78 5.79 8.98 28.01 2.14 6.68 10.36 15.87 32.97
Rps 26 Apr 367 © 134 3.12 4.68 8.62 40.51 1.48 6.96 12.82 19.23 4478
Rp,4 28 Apr 330 1.73 2.85 430 7.37 18.43 3.26 8.14 13.95 21.05 34.68
Rps 30 Apr 307 1.60 2.81 4.57 7.50 20.73 2.89 8.00 13.13 21.35 37.50
Rps 2 May 208 1.61 2.37 3.28 6.05 20.61 2.91 9.92 18.29 2532 37.27
Ry, ' 4 May 164 1.54 2.18 3.03 434 26.21 2.29 13.82 19.80 27.52 38.96
Rpg 6 May 205 1.30 2.11 2.65 3.94 15.31 3.92 15.23 22.64 28.44 46.15
Rpo 9May 151 -1.34 1.89 2.52 5.31 18.15 3.31 11.30 23.81 31.75 44.78‘
Rpio 11 May 152 1.60 241 3.33 6.54 28.24 2.12 9.17 18.02 24.90 37.50
Rpy 12 May 27 .64 393 579 171 778 1036 1527 2553  36.59

235
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Appendix Table DS. Travel times and migration rates between Little Goose Dam and Lower Monumental Dam (46 km) for primary releas
of hatchery yearling chinook salmon.

Travel time (days)

Migration rate (km/day)

Release Date  Number Minimum 20%  Median 80% Maximum Minimum 20%  Median 80% Maximum
Rp) 9 Apr 119 120 196 261 323 6.13 750 1424 1762 2347 3833
Rp, 11 Apr 66 1.44 1.91 2.51 3.44 6.05 7.60 13.37 18.33 24.08 31.94
Rp; 15 Apr 114 1.27 1.77 2.36 3.11 13.18 3.49 14.79 19.49 25.99 36.22
Rpy4 18 Apr 49 1.06 1.79 2.22 3.03 5.53 8.32 15.18 20.72 25.70 43.40
Rps 20 Apr 85 1.28 1.75 2.21 2.95 447 10.29 15.59 20.81 26.29 35.94
Rps 23 Apr 157 1.12 1.69 2.11 2.94 7.93 5.80 1565 2180 27.22 41.07
Ry 25 Apr 171 1.18 1.61 194 261 6.65 6.92 17.62 23.71 28.57 38.98
Rpg 27 Apr 148 1.06 1.60 1.99 2.55 498 924 18.04 23.12 28.75 43.40
Rps 29 Apr 134 1.12 1.56 1.77 241 5.79 . 794 19.09 25.99 29.49 41.07
Reio 1 May 135 0.99 1.52 1.83 2.19 6.36 7.23 21.00 25.14 30.26 46.46
Rey 3 May 39 - 1.13 147 185 218 329 1398 2110 2486 3129  40.71
Rp12 5 May 14 1.12 1.59 2.09 3.56 5.97 7.71 12.92 22.01 28.93 41.07
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Appendix Table D6. Travel times and migration rates between Little Goose Dam and Lower Monumental Dam (46 km) for primary releas

of hatchery steelhead.

Travel time (days) Migration rate (km/day)

Release Date Number Minimum 20% Median 80% Maximum Minimum 20% Median 80% Maximum
Rp; 22 Apr 168 1.06 1.85 2.92 434 7.95 5.79 10.60 15.75 24.86 43.40
Rp, 24 Apr 171 1.10 1.81 259 . 428 14.68 3.13 10.75 17.76 2541 41.82
Rps 26 Apr 235 1.01 1.84 2.64 432 16.79 2.74 10.65 17.42 25.00 45.54
Rp4 28 Apr 197 0.94 1.68 2.51 3.91 12.90 3.57 11.76 18.33 27.38 48.94
Rps 30 Apr 233 1.01 1.60 231 397 14.78 3.11 11.59 19.91 28.75 45.54
Rps 2 May 176 0.95 1.51 2.02 3.70 19.81 2.32 12.43 22.77 30.46 48.42
Ry, 4 May 143 1.14 180 2.74 4.86 12.83 3.59 9.47 16.79 25.56 40.35
Rps 6 May 191 098 162 246 405 2286 201 1136 1870 2840  46.94
Rpo 9 May 149 1.21 1.62 2.39 4.53 23.61 1.95 10.15 19.25 28.40 38.02
Rpio 11 May 147 0.98 1.88 2.48 4.03 32.90 1.40 11.41  18.55 24.47 46.94
Rpnn 12 May 23 1.11 1.73 241 4.71 7.67 6.00 9.77 19.09 26.59 41.44
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- Appendix Table D7. Travel times and migration rates between Lower Monumental Dam and McNary Dam (199 km) for primary releases
hatchery yearling chinook salmon.

Travel time (days) . Migration rate (km/day)

Release  Date  Number Minimum 20%  Median 80% Maximum Minimum 20%  Median 80% Maximum
Rp; 9 Apr 102 2.78 3.72 436 5.39 10.50 11.33 22.08 27.29 31.99 42 81
Rp, 11 Apr 75 2.82 3.59 4.52 574 13.41 8.87 20.73 26.33 33.15 42.20
Rps 15 Apr 84 238 327 406 582 12.84 927 2045 2931 3639 5000
Rpy 18 Apr 48 2.65 3.86 435 592 14.70 8.10 20.10 27.36 30.83 44 91
Rps 20 Apr 73 2.78 3.47 4.50 5.59 7.45 15.97 21.29 26.44 34.29 42 81
Rpg 23 Apr 138 2.52 3.46 411 5.05 10.87 10.95 23.56 28.95 34.39 47.22
Ryy 25Apr 134 254 327 387 484 2047 581 2459 3075 3639  46.85
Rpg 27 Apr 101 2.32 3.33 4.17 5.24 9.61 12.38 22.71 28.54 35.74 51.29
Rpg 29 Apr 97 2.20 3.43 4.03 541 13.27 8.97 - 22.00 2953 34.69 54.09
Rpio 1 May 116 2.31 3.17 3.81 4.73 8.61 13.82 25.16 31.23 37.54 51.52

+ Rpny 3 May 36 2.64 3.07  3.90 484 - 6.00 19.83 24.59 30.51 38.76 45.08
Rpi2 5 May 8 283 285 347  5.16 .6.65 17.89 23.06 34.29 41.75 42.05
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Appendix Table D8. Travel times and migration rates between Lower Monumental Dam and McNary Dam (199 km) for primary releases

hatchery steelhead.

Travel time (days)

Migration rate (km/day)

Release Date  Number Minimum 20%  Median 80% Maximum Minimum 20%  Median 80% Maximum
Rp, 22 Apr 102 2.17 3.09 4.03 5.45 16.79 - 7.09 21.83 29.53 38.51 54.84
Rp,; 24 Apr 78 2.31 3.21 3.93 5.04 14.00 8.50 23.61 30.28 37.07 51.52
Rps 26 Apr 98 2.52 3.23 3.93 5.55 11.36 10.48 21.44 30.28 36.84 4722
Rp4 28 Apr 81 2.55 3.21 4.53 7.14 10.86 10.96 16.67 26.27 37.07 46.67
Rps 30 Apr 90 233 2.97 3.84 473 9.51 12.51 25.16 30.99 40.07 51.07
Rps 2 May 79 232 3.32 4.00 523 11.64 10.22 22.75 29.75 35.84 51.29
Rpy 4 May 73 2.27 348 425 5.98 16.01 7.43 19.90 28.00 34.20 52.42
Rpsg 6 May 78 2.94 3.55 421 6.21 15.32 7.77 19.16 28.27 33.52 40.48
Rp 9 May 75 2.35 3.07 3.79 5.00 11.46 10.38 23.80 31.40 38.76 50.64
Rpyo 11 May 67 2.11 2.93 3.63 486 7.84 ‘ 15.18 24.49 32.78 40.61 56.40

7 288 3.03 3.58 4.58 534 22.28 2598 33.24 39.27 41.32

12 May
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Appendix Table D9. Travel times and migration rates between the Port of Wilma and McNary Dam (274 km) primary releases of
hatchery yearling chinook salmon.

Travel time (days)

Migration rate (km/day)

Maximum

Release  Date  Number Minimum 20%  Median 80% Maximum Minimum 20%  Median 80%
Rp, 9 Apr 270 13.01 2534  29.01 32.61 48.28 5.68 8.40 9.45 10.81 21.06
Rp, 11 Apr 195 1453 2375 2750 3039 4271 6.42 9.02 9.96 11.54 18.86
Rps 15 Apr 242 13.81 2336  27.18 3234 4586 5.97 8.47 10.08 11.73 19.84
Rp, 18 Apr 121 13.67 19.16 2220 2670 41.83 6.55 10.26 12.34 14.30 20.04
Rps 20 Apr 156 12.98 1835 21.25 2699 45.03 6.08 10.15 12.89 14.93 21.11
Rpe 23 Apr 297 11.95 15.44 18.47 2275 4053 6.76 12.04 14.83 17.75 22.93
Rp; 25 Apr 281 9.15 14.07 1648  21.18  39.75 6.89 12.94 16.63 19.47 29.95
Rpg 27 Apr 241 6.75 14.06 16.74 2078 36.76 7.45 13.19 16.37 19.49 40.59
Rypg 29 Apr 219 9.96 13.43 1737 2075  36.81 -7.44 13.20 15.77 20.40 27.51
Rpio 1 May 240 7.13 12.79 15.73 18.65 32.17 8.52 14.69 17.42 21.42 38.43
Rppy 3 May 85 9.19 12.66 14.74 17.57  33.06 8.29 15.59 18.59 21.64 29.82
Rpy2 5 May 13 8.91 12.07 13.68 19.66  27.95 9.80 13.94 20.03 22.70 30.75
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Appendix Table D10. Travel times and migration rates between the Port of Wilma and McNary Dam (274 km) primary releases of

hatchery steethead.

Travel time (days) Migration rate (klh/day)

Release Date  Number Minimum 20%  Median 80% Maximum Minimum 20%  Median 80%  Maximum
Rp; 22 Apr 178 11.38 15.75 18.38 23._47 40.15 682 . 11.67 14.91 17.40 24.08
Rp, 24 Apr 132 9.75 14.53 17.26 21.52 35.91 7.63 12.73 15.87 18.86 28.10
Rps 26 Apr 154 1046 13.05 16.16 2047 34.14 8.03 13.39 16.96 21.00 26.20
Rps 28 Apr 167 9.36 12.57 17.00 19.96 39.60 6.92 13.73 16.12 21.80 2927
Rps 30 Apr 162 7.47 11.26 1471 © 1744 4240 6.46 15.71 18.63  24.33 36.68
Ry 2 May 152 837 10.68 13.98 16.89 31.01 8.84 16.22 19.60 25.66 32.74
Rp, 4 May 126 7.37 10.63 1278 16.03 28.77 9.52 17.09 21.44 25.78 37.18
Rpg 6 May 146 6.71 10.08 11.60 15.14 28.24 9.70 18.10 23.62 27.18 40.83
Rpy 9 May 117 6.86 8.49 1029 .14.03 28.00 9.79 19.53 26.63 32.27 39.94
Rpo 11 May 99 6.57 8.97 11.09 17.75 4351 6.30 15.44 24.71 30.55 41.70
Rpn 12 May 12 7.99 8.65 11.32 15.99 18.43 14.87 17.14 24.20 31.68 34.29






