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Preface

The study reported herein was conducted by the Pacific Northwest National Laboratory (PNNL) for
the U.S. Army Corps of Engineers, Portland District (CENWP). The PNNL project manager was
Mr. Gene Ploskey. The CENWP technical lead was Mr. Robert Wertheimer. Under a subcontract with
Pacific Northwest National Laboratory, the Pacific States Marine Fisheries Commission helped conduct
the study. A team from the Oregon Department of Fish and Wildlife contributed by tagging lower
Columbia River kelts, and a team from PNNL tagged and released Snake River kelts that were
subsequently detected by arrays deployed for this study. The study was designed to estimate route-
specific passage and survival for steelhead kelts passing through The Dalles and Bonneville dams and
assist managers in determining powerhouse priority for operations at Bonneville Dam.

Suggested citation for this report:

Rayamajhi B, GR Ploskey, CM Woodley, MA Weiland, DM Faber, J Kim, AH Colotelo, Z Deng, and
T Fu. 2013. Route-Specific Passage and Survival of Steelhead Kelts at The Dalles and Bonneville Dams,
2012. PNNL-22461, Pacific Northwest National Laboratory, Richland, Washington.
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Executive Summary

The purpose of this study was to estimate route-specific passage and survival for steelhead kelts
passing through The Dalles Dam (TDA) and Bonneville Dam (BON) in spring 2012, and to help
managers assign powerhouse priority for operations at BON. Lower Columbia River (LCR) kelts were
collected and tagged with external micro-acoustic transmitters and passive integrated transponder (PIT)
tags at three tributaries of the LCR and at one fish hatchery. Tributary flooding in 2012 prevented an
Oregon Department of Fish and Wildlife team from collecting enough LCR kelts to meet study
objectives, so kelts tagged for a Snake River (SR) kelt study (Colotelo et al. 2013) were used to bolster
samples of tagged kelts passing through the two dams. Route-specific passage proportions were used to
calculate passage efficiency and effectiveness metrics for the dams, spillways, and surface flow outlets
(i.e., sluiceways at TDA and BON Powerhouse 1 [B1] and the BON Powerhouse 2 [B2] Corner Collector
[B2CC)).

The study results for all kelts passing through TDA are summarized in Table ES.1, and results for
kelts passing through BON are presented in Table ES.2.

Table ES.1. Statistical estimates of dam passage metrics, standard errors (SEs), and virtual-release
sample sizes (N) for kelts passing through The Dalles Dam in spring 2012.

Lower Columbia River

All Kelts Snake River Kelts Kelts
Performance Metrics Estimate ~ SE N  Estimate SE N  Estimate SE N

Fish Passage Efficiency 0910 0.0216 177 0914 0.0219 163 0.857 0.0935 14
Spill Passage Efficiency || dam 0.842 0.0274 177 0.853 0.0278 163 0.714 0.1207 14
Sluiceway Passage Efficiency || dam 0.068 0.0189 177  0.061 0.0188 163  0.143 0.0935 14
Sluiceway Passage Efficiency || PH 0429 0.0935 28 0417 0.1006 24  0.500 0.2500 4
Spill Passage Effectiveness || dam 2.092 0.0671 177 2.119  0.0696 163 1.774 0.3006 14
Sluiceway Passage Effectiveness || dam 5.10 1.4227 177 4.62 1.4152 163  10.76 7.0413 14
Sluiceway Passage Effectiveness || PH 19.28 42072 28 18.744 4.5272 24 22493 11.2466 4
Forebay Residence Time No forebay array was deployed so estimates are not available.

Tailrace Egress Time No tailrace array was deployed so estimates are not available.

Dam passage survival 0.8829 0.0252 177 0.8956 0.0249 163 0.7500 0.1336 14
Spillway passage survival 09132 0.0243 149 09394 0.0296 139 0.7000 0.1449 10
Powerhouse passage survival 0.7185 0.0860 28 0.6942 0.1021 24 0.7500 0.2165 4
Sluiceway passage survival 0.9308 0.0753 12 0.9333 0.1233 10 2
Turbine passage survival 0.5333 0.1288 16 0.5385 0.1383 14 2

PH = powerhouse.




Table ES.2. Statistical estimates of dam passage metrics, standard errors (SEs) and virtual-release sample
sizes (N) for kelts passing through Bonneville Dam in spring 2012.

Lower Columbia River

All Kelts Snake River Kelts Kelts

Performance Metrics Estimate SE N Estimate SE N Estimate SE N
Fish Passage Efficiency 0.8400  0.0290 163 0.8700 0.0290 138 0.6800  0.0930 25
Spill Passage Efficiency || dam 0.5090  0.0390 163 0.5360 0.0420 138 0.3600  0.0960 25
B1 Sluiceway Passage Efficiency || dam 0.1230  0.0260 163 0.1230 0.0280 138 0.1200  0.0650 25
B2CC Passage Efficiency || dam 0.1780  0.0300 163 0.1880 0.0330 138 0.1200  0.0650 25
SFO Passage Efficiency || dam 0.3010  0.0360 163 0.3120 0.0390 138 0.2400  0.0850 25
Spill Passage Effectiveness || dam 1.268 0.0975 163 1.335 0.1057 138 0.896 0.2390 25
B1 Sluiceway Passage Effectiveness || dam 41.510  8.6936 163 41.670 9.4644 138 40.600 21.9866 25
B2CC Passage Effectiveness || dam 12.640  2.1281 163 13.385 2.3648 138  8.525 4.6173 25
SFO Passage Effectiveness || dam 17.650 2.1086 163 18.295 23148 138  14.091 5.0151 25
B2 JBS Passage Efficiency || dam 0.0310  0.0140 163 0.0220 0.0120 138  0.0800  0.0540 25
BI1 FPE (i.e., Bl SLE || B1) 0.4880  0.0781 41 0.5150 0.0870 33 03750  0.1712 8
B1 Sluiceway Passage Effectiveness || Bl ~ 47.571 7.6128 41 50.238 8.4842 33 36.570  16.6920 8
B2 FPE (i.e., B2CC + B2 JBS) || B2) 0.8718  0.0535 39 0.9355 0.0441 31 0.6250  0.1712 8
B2CC Passage Efficiency || B2 0.7440  0.0700 39 0.8390 0.0660 31 0.3750  0.1710 8
B2 JBS Passage Efficiency || B2 0.1282  0.0535 39 0.0968 0.0531 31 0.2500  0.1531 8
B2CC Passage Effectiveness || B2 16.379  1.5401 39 18.474 1.4551 31 8.260 3.7702 8

BON Forebay Residence Time (medianh)  0.585 2.786 138 0.5431 2353 113 0.790 11.157 25
B1 Forebay Residence Time (median h) 2.843 7.027 37 2.843 2.803 27 3.041 2.814 8
B2 Forebay Residence Time (median h) 0.271 3.151 33 0.461 0.216 14 1.985 34745 8

BON Tailrace Egress Time (median h) 0.375 2.138 93 0.374 2.686 74 0.375 0.448 19
B1 Tailrace Egress Time (median h) 0.370 5.673 35 0.393 7.353 27 0.289 0.861 8
B2 Tailrace Egress Time (median h) 0.293 0.088 10 0.281 0.097 8 0.412 0.149 3
Dam Passage Survival 0.8666  0.0270 163 0.8999 0.0270 138 0.6800  0.0933 25
Spillway Passage Survival 09106  0.0329 83 0.9256 0.0322 74 07778  0.1386 9
Surface flow outlet passage survival 0.8869  0.0478 49 0.8702 0.0539 43 1.0000  0.0000 6
B1 Passage Survival 0.7859  0.0653 41 0.7934 0.0719 33 0.7500  0.1531 8
B2 Passage Survival 0.8626  0.0601 39 0.9531 0.0470 31 0.5000  0.1768 8
B1 Sluiceway Passage Survival 0.8036  0.0900 20 0.7647 0.1029 17 3
B2CC Passage Survival 0.9458  0.0493 29 0.9423 0.0557 26 3
B1 Turbine Passage Survival 0.7692  0.0943 21 0.8250 0.1003 16 0.6000 5
B2 Turbine Passage Survival 0.6000 5 2 3
BON Turbine Passage Survival 0.7385  0.0884 26 0.8426 0.0895 18  0.5000 0.1768 8
B2 JBS Passage Survival 0.6000 5 3 2

B1 = Bonneville Powerhouse 1; B2 = Bonneville Powerhouse 2; B2CC = Bonneville Powerhouse 2 Corner Collector; JBS =
juvenile bypass system; SFO = surface flow outlet; SLE = sluiceway passage efficiency.
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While limited sample sizes resulted in high standard errors and few 95% confidence intervals that did
not overlap, differences in point estimates suggest that B2 should be the priority powerhouse for kelt
passage, at least until more precise estimates demonstrate otherwise. This conclusion is based on the
following observations from results listed in Table ES.2. First, estimates of B2 fish passage efficiency
(FPE) were higher than estimates for B1 FPE for all kelts (38.4%), SR kelts (42.1%), and LCR kelts
(25.0%). Second, estimates of B2CC passage efficiency relative to B2 were higher than estimates of B1
sluiceway efficiency for all kelts (25.6%) and SR kelts (32.4%) although not for LCR kelts. Third, the
point estimate of B2 passage survival was 7.67% higher than the estimate for B1 passage survival for all
kelts, and for SR kelts it was 15.97% higher for B2 than it was for B1. Fourth, mean and median point
estimates of forebay residence times usually were longer for kelts passing through B1 than they were for
kelts passing through B2. For example, mean and median differences (B1 minus B2 forebay residence
time) were 10.89 h and 2.57 h for all kelt and 7.38 h and 2.38 h for SR kelt. The difference in medians
was 1.06 h for LCR kelts. While none of these differences was significant given the sample sizes in this
study, point estimate comparisions strongly suggest that B2 should be the priority powerhouse. High
flow in 2012 provided a good test bed for comparing metrics for the two powerhouses because both were
operated at available capacity.
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1.0 Introduction

The study documented in this report was conducted in spring 2012 to estimate route-specific passage
and survival for steelhead kelts passing through The Dalles Dam (TDA) and Bonneville Dam (BON) in
the lower Columbia River, and to help fisheries managers assign powerhouse priority for operations at
BON. Biologists at Pacific Northwest National Laboratory (PNNL), in collaboration with biologists from
the Oregon Department of Fish and Wildlife and Pacific States Marine Fisheries Commission, conducted
the study for the U.S. Army Corps of Engineers (USACE) Portland District (CENWP).

1.1 Need for Management Action

The Columbia River Basin extends over 640,000 km?, supporting a variety of ecotypes (McClure
et al. 2003). It supports several anadromous salmon species during their periodic kelt migration to and
from the Pacific Ocean. The construction of hydroelectric dams on the Columbia River and its tributaries
have significantly altered the river habitat and slowed the upstream and downstream migration of the
salmon species.

Steelhead (Oncorhynchus mykiss) is one of four species of anadromous salmonids within
12 evolutionarily significant units in the Columbia River basin listed under the Endangered Species Act
(Waples 1991; Ford 2011). Steelhead were once very abundant in the Columbia River with peak wild run
sizes ranging up to 500,000 adults (TAC 1997). Over the last century, the steelhead population sizes have
been significantly reduced. Between 1938 and 1980, the adult summer steelhead counts (from April 1
through October 31) at BON fluctuated around 150,000 fish, but after 1985, due to the increased hatchery
production, the total yearly steelhead counts were increased. The average steelhead run at BON from
1985 to 1995 totaled 255,900, of which 21% were wild steelhead (TAC 1997). For the past 10 years
(2002-2011), the steelhead run at BON averaged 389,000, and only about 30% were wild steelhead
(Columbia River Data Access in Real Time [DART] 2013). For research and management purposes, the
steelhead run has been divided into two types: steelhead entering freshwater and passing through BON
before August 25 are referred to as the A run, whereas any run after August 25 is referred to as the B run
(Winans et al. 2004). Moreover, A run stocks are predominantly age-1 ocean fish and B run stocks are
age-2 ocean fish (Busby et al. 1996).

Steelhead are iteroparous in nature, i.e., capable of repeated spawning. Steelhead kelt return rates in a
multi-year study conducted at John Day, McNary, and Lower Granite dams from 2000 through 2004 were
5.45%, 5.37%, and 0.69%, respectively (Boggs et al. 2004, 2008). About 2.6% of kelts bearing passive
integrated transponder (PIT) tags migrated twice to spawn and 0.03% migrated three times. The fertility
of repeat spawners tends to be higher than first time spawners and contributes to genetic diversity
(Ducharme 1969; Niemela et al. 2000). Post-spawned steelhead (kelts) have low energy reserves with
resultant decreased swimming ability, and are highly susceptible to physiological stress when passing
through hydroelectric dams and barrier structures, which can contribute to mortality (Booth et al. 1997;
Scruton et al. 2007). Reduced water velocities in dam reservoirs and time spent in search of dam passage
routes reduce kelt migration rates while increasing their vulnerability to predation (Wertheimer and Evans
2005; Wertheimer 2007). Management actions are needed to protect kelts and to ensure rapid safe
passage routes through the hydropower system are available during outmigration to the ocean.
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1.2 Project Goals

The main goal of this project was to estimate route-specific passage for tagged kelts passing through
TDA and BON in the lower Columbia River (LCR). Secondary goals included comparing the efficiency
and effectiveness of passage through non-turbine routes such as surface flow outlets (SFOs) or spillways,
and assessing the route-specific survival of kelts. Study results should help fisheries managers understand
the relative efficiency and effectiveness of non-turbine routes and develop operations to facilitate dam
passage for kelts to increase their survival rate. Moreover, the results will update the status on kelt dam
passage and survival estimates since the study conducted by Wertheimer and Evans (2005).

1.3 Study Objectives

The primary objectives of the study were to estimate the following:

e route-specific passage proportions for kelts passing through TDA (spillway, turbine, and sluiceway)
and BON (spillway, Bonneville Powerhouse 1 [B1] turbine, B1 sluiceway, Bonneville Powerhouse 2
[B2]-turbine, B2-Corner Collector [B2CC], and B2-juvenile bypass system [JBS]).

o fish passage efficiency (FPE), spill passage efficiency (SPE) and effectiveness, SFO passage
efficiency and effectiveness for each dam, and the efficiency and effectiveness of the B1 sluiceway
and B2CC relative to BON or to their respective powerhouses.

o forebay residence time — the amount of time spent from first detection on the forebay array to the last
detection at the dam-face array just before passing through the dam.

e tailrace egress time — the amount of time from last detection on the dam-face array to last detection on
the tailrace array.

o virtual single-release dam passage survival rates for kelts passing through TDA and BON and route-
specific rates when warranted by sample sizes.

In documenting how the study objectives were met, the ensuing sections of this report first describe
the study area, then the study methods and results, followed by a discussion of findings and related
conclusions. References for the sources cited in the report are listed in the final section.
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2.0 Study Area

The project study area included three LCR tributaries of the Columbia River where downstream
migrating kelts were collected, tagged, and released and approximately 217 km of the main-stem LCR.
The LCR portion was from the confluence of the Deschutes River, which joins the Columbia River about
20 river kilometers (rkm) upstream of TDA at Columbia River (CR) rkm 330 (CR330), downstream to
Kalama, Washington (CR113). Kelts were collected and tagged in two Deschutes River tributaries
(Bakeoven Creek and Buck Hollow Creek); Fifteenmile Creek, which meets the Columbia River just
downstream of TDA; and in Hood River and its Neal Creek tributary, approximately 41 rkm upstream of
BON (Figure 2.1). In addition, wild hatchery brood stock from the Parkdale Fish Hatchery were tagged
after they had spawned. These broodstocks were collected at the weir on the east fork of the Hood River.

John Day Dam

Columbia River

The Dalles Dam

Figure 2.1. Location of Columbia River tributaries and sub-tributaries used for kelt tagging and
collection.

2.1 Bonneville Dam

Located at CR234, BON is the most downstream dam in the Columbia River and is about 65 km
upstream and east of Portland, Oregon. Dam structures consist of two powerhouses, a spillway, and a
navigation lock. The first powerhouse (B1), with 10 turbine units and four forebay sluiceway outlets, is
located between the Oregon shore and Bradford Island. The spillway, which has 18 spill bays, spans the
north channel between Bradford Island and Cascades Island. The second powerhouse (B2), which has
eight turbines and the B2CC, is located between Cascades Island and the Washington shore (Figure 2.2).
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Figure 2.2. Aerial view of Bonneville Dam.

Passage routes through a powerhouse at BON could be through SFOs or turbines, or through a JBS at
B2. Kelts entering the JBS are screened from a B2 turbine intake and diverted to a gatewell slot
containing two orifices leading to a bypass channel that transports them to a downstream outfall. The
JBS system in B1 was removed in 2004, because other routes were deemed safer for fish. The B2CC is a
modified ice trash sluiceway channel at B2 that was lengthened in 2003, and it discharges water from the
downstream tip of the Cascades Island.

2.2 The Dalles Dam

Located at CR309, TDA is the second hydropower dam upstream from the mouth of the Columbia
River, approximately 75 km upstream from BON. It consists of a navigation lock, a spillway with
23 spill bays that runs perpendicular to the main river channel, and a powerhouse with 22 turbines that
runs parallel to the main river channel (Figure 2.3). The major passage routes for downstream migrating
kelts include the spillway (opened from early April through August), the ice/trash sluiceway (when
opened), and turbines. Unlike other dams in the LCR, TDA lacks a JBS and PIT-tag detection facilities.
A new 850-ft-long wall extending downstream into the tailrace between spill bays 8 and 9 was completed
in 2010 to reduce tailrace egress times of juvenile salmonids passing in spill and to increase spill passage
survival rates (Figure 2.3). When the majority of spill is through bays 1 through 8, the wall prevents most
spillway-passed fish from traveling south into a predator-infested maze of rock outcroppings on the
Oregon side of the channel.
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3.0 Methods

Study methods include fish collection and handling, run timing and tributary discharge, fish tagging,
tagging and handling impacts, fish condition, fish release, tagged fish detection systems, signal processing
and filtering, survival estimates, and estimation of passage metrics.

3.1 Fish Collection and Handling

Kelts were selected for tagging based on their condition and availability at each collection location.
An Oregon Department of Fish and Wildlife team collected and tagged 58 steelhead kelts from weir and
box traps deployed in tributaries (40 fish) or from the Parkdale Hatchery at Hood River (18 fish). Seven
fish were hatchery spawned and 51 were wild. Box traps are typically used for trapping juveniles but are
also used for trapping adults. One kelt was caught in a box trap, while the others were caught in weir
traps. The fork lengths of these fish ranged from 50 cm to 86 cm; the average length was 67.5 cm. The
sex ratio of collected kelts was 29 females to 27 males; the sex of two was not determined. Numbers of
kelt tagged and released at each site are described in Section 3.6 (Fish Release) below.

3.2 Run Timing and Discharge

The collection of kelts for tagging was heavily affected by the extremely high flows in the Deschutes
River basin and Hood River in early spring 2012 (Figure 3.1 and Figure 3.2). Due to these high flows,
trap installation was delayed and traps were not fully functional until April 12, 2012. The first kelts were
tagged with Juvenile Salmon Acoustic Telemetry System (JSATS) acoustic micro-transmitters and PIT
tags on April 12; by this date almost 90% of the kelts had already passed downstream (Figure 3.3). This
drastically reduced the sample size from the proposed 400 kelts that we anticipated to tag for this study to
58 kelts.
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Figure 3.1. Daily discharge and the 108-yr median daily statistic flow for March through June 2012,
recorded by the U.S. Geological Survey gaging station (USGS 14103000) in the Deschutes
River at Moody, Oregon.
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Figure 3.2. Daily and 49-yr median daily statistic discharge for March through June 2012, recorded by
the U.S. Geological Survey gaging station (USGS 14120000) in the Hood River at
Tucker Bridge, Oregon.
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Figure 3.3. Cumulative proportion of downstream migrating kelts observed by date at the
Deschutes River traps in 2012. The vertical line represents the first kelt tagging date.

3.3 Fish Tagging

Kelts were tagged with both a PIT tag and a JSATS acoustic tag (McMichael et al. 2010). The
JSATS acoustic tag, measuring 12 mm long, 5.21 mm wide, and 3.77 mm thick, and weighing about
0.438 g in air and 0.29 g in water, had an average 32.2-d tag life and was programmed to transmit a coded
signal once every 3 s. The JSATS tag was glued and then shrink-wrapped into tubing attached to a
35-mm-long Floy T-bar tag (FD-94 EX-Wide T). The final size of the acoustic/Floy tag design was about
42 mm long (Figure 3.4). The integrity of the tag design was tested over a 70-d period in a tank of
flowing water maintained at 10—12°C. There were no instances where the tag combination dislodged
from the surrogate tissue or components dislodged from each other. A Floy tagging gun was used to
inject the T-bar anchor end of the Floy tag into the back musculature of the fish adjacent to its dorsal fin
(Figure 3.5).

A PIT tag was injected into each kelt’s dorsal sinus. PIT tags may be useful for evaluating repeat
spawning runs over several years, whereas acoustic tag detections provided a precise tracking of
downstream movements at several river sections and helped to delineate three-dimensional (3D)
movement as the fish passed through the dams in 2012. PIT-tag detections on detectors in the BON JBS
and B2CC provided additional route-of-passage information via the PIT Tag Information System database
(http://www.ptagis.org/).

At remote tagging sites, the ODFW team did not have facilities to hold fish and could not know how
many might have to be held after tagging and therefore opted not to use an anesthetic for tagging. Kelts
were immediately returned to the creek after the procedure to resume their downstream migration.
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Figure 3.5. Floy tag injection using a tagging gun and a Floy T-bar tag after attachment.

3.4 Fish Tagging and Handling Impacts

Tagging had minimal effect on fish physiology because of the very short time period (usually a few
seconds) required to attach the Floy tag. Kelts were immediately released after tagging, and this
significantly reduced fish handling time. Very few, if any, fish were expected to be injured by handling
or tagging effects. Acoustic tags used in this study had a transmitting frequency of 416.7 kHz, much
higher than can be detected by fish or mammals, and therefore frequency should not harm salmonids.
Hydrophones and rigging were designed without sharp edges and were not likely to contribute to fish
injury. Fish collection, handling, holding, and transport were conducted by Oregon Department of Fish
and Wildlife researchers in compliance with state and federal procedures for animal care and the humane
treatment of vertebrates.

3.5 Fish Condition

Fish condition is a measure of fish health. The kelts collected for this study were visually evaluated
to determine their spawning status, the presence of dorsal or body fungus, blindness, activeness, and/or
body scars. Each condition category was graded using a numerical score of 1, 2, or 3 to describe overall
condition (Table 3.1). For example, a kelt condition recorded as 311131 indicates a spawned kelt with no
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fungus on its body or dorsal surface, was not blind, was energetic, and had body scars. Condition data
were summed to determine if a fish was in good, fair, or poor condition.

Table 3.1. Fish condition classifications.

Condition 1 2 3
Spawning Gravid Intermediate Spawned
Fungus No fungus <20% fungus >20% fungus
Dorsal fungus No dorsal fungus  With dorsal fungus
Blindness Not blind Blind one eye Blind both eyes
Activeness Stiff Lethargic not stiff Energetic
Body scars With body scars No body scars

Of the 58 kelts tagged, 55 were already spawned and 3 were observed to be in an intermediate
spawning stage. Thirty of the kelts had no body fungus, while the remaining 28 had less than 20% fungus
(~48%); six kelts had dorsal fungus (~10%). Only two kelts were blind and both in only one eye. One of
the 58 kelts was lethargic, and about 48.3% (28 of 58) had obvious scars. The decision was made a priori
to tag all non-gravid kelt for this study. However, one reviewer questioned whether fish blind in one eye
should have been tagged, so tagging criteria probably should be discussed with the Studies Review Work
Group before future studies are implemented.

3.6 Fish Release

Immediately after being tagged, each kelt was released into the same river or creek where it was
collected or trapped to resume downstream migration. Out of 58 kelts, 24 were tagged and released
upstream of TDA, and the remaining 34 were tagged and released downstream of TDA. The proportion
of kelts released at each tagging site is listed in Table 3.2. Mean outmigration travel time (mm:ss/rkm)
was calculated by dividing the time interval from release to last detection by the migration distance. The
number of kelt tagged and released at various sites in the Snake River and LCR are presented in
comprehensive travel time and rate tables in Section 4.3.

Table 3.2. Number of kelts released by location and distance upstream from the mouth of the Columbia

River.
Release Location Kelts
River/ Creek (CR rkm) Release
Bakeoven Creek 411 7
Buck Hollow Creek 397 17
Fifteenmile Creek 309 14
Neal Creek 280 2
Hood River 273 18
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3.7 Tagged Fish Detection

Two types of JSATS array systems—autonomous array systems and cabled array systems—were
deployed along the river reach to detect acoustic-tagged kelts passing downstream from the release sites.
The first autonomous array was at Celilo, Oregon, at CR325; the most downriver array was at Kalama,
Washington, at CR113. The last detections on TDA and BON dam-face cabled arrays were used to create
a virtual release for kelts passing through the respective dams. The route of passage for this virtual
release was estimated using 3D tracking and last detection time algorithms developed using high-level
programming languages, including MATLAB (MATrix LABoratory) and the Statistical Analysis System
(SAS). The components of the JSATS array system from the point of tag detection to data acquisition are
shown in Figure 3.6.
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Figure 3.6. Flow chart showing JSATS array components.

3.7.1 Cabled Dam-Face Array

The cabled dam-face receiver system used for the study was designed by PNNL for CENWP. Each
cabled receiver system includes a computer, data-acquisition software, digital signal-processing cards
with field-programmable logic gate arrays (DSP+FPGAs), a global positioning system card, a four-
channel signal-conditioning receiver with gain control, hydrophones, and cables. The software that
controls data acquisition and signal processing is the property of the CENWP.

JSATS dam-face cabled arrays were deployed along the upstream dam faces of TDA and BON to
detect acoustic-tagged kelts approaching and passing through the dams. The dam-face cabled array
consisted of 21 cabled receiver systems at TDA and 23 cabled receiver systems at BON. Generally, each
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cabled receiver system was connected to four hydrophones that were deployed on trolleys in pipes
attached to the main piers at the powerhouse and spillway in a known fixed geometry. Hydrophones on
each system alternated between shallow and deep deployments on adjacent piers and were interwoven
with hydrophones from another system (Figure 3.7) to provide redundancy and to create two independent
arrays for estimating the overall detection efficiency of the combined array. The resulting geometry of
the hydrophone arrays also increased the accuracy of 3D tracking of kelts approaching dam passage
routes.

o el N Tl

Figure 3.7. Front view of a zigzag hydrophone deployment at three turbines to form two independent
detection arrays. The circles denote hydrophones of Array 1 and triangles denote
hydrophone of Array 2.

3.7.2 Autonomous Nodes and Arrays

An autonomous array is a group of autonomous nodes deployed across the entire width of a river
cross section to detect passing fish bearing acoustic tags (Weiland et al. 2009). Each autonomous node
consists of a hydrophone attached to a housing, which holds a data processing circuit board, a compact
flash card, battery, and USB cable connectors (Figure 3.8). Most arrays were deployed within 150 m of
each other and less than 50 m from shore. Five autonomous arrays were deployed for this study. From
upstream to downstream, the arrays were located near Celilo, Oregon (CR325); the BON forebay
(CR236); the BON tailrace (CR233); near Knapp, Washington (CR156); and near Kalama, Washington
(CR113).

Each autonomous array was named by concatenating letters and numbers indicating its position in the
river reach. For example, array A1CR325 is the concatenation of “A” (for autonomous node), a
sequential array number (counting from upstream to downstream), “CR” (representing Columbia River),
and 325, the nearest river kilometer to the array site.

The autonomous arrays located in the BON forebay and tailrace, just a few kilometers upstream and
downstream from the dam face, were used for determining forebay residence and tailrace egress time for
kelts migrating through the dam. Forebay residence time was calculated from the time elapsed between
first detection at a forebay entrance array and the last detection on the dam-face cabled array. Tailrace
egress time was calculated from the time elapsed between the last detection at a dam-face cabled array
and the last detection on the tailrace autonomous array. Methods for deploying, retrieving, and servicing
the autonomous nodes are the same as those used in 2011 for monitoring juvenile salmonid passage
through dams on the lower Columbia River (Weiland et al. 2013).
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Figure 3.8. Autonomous node configuration with a hydrophone attached at the top of the node body
(left), and a view of the node bottom (right) where a removable battery compartment would
be attached.

3.8 Data Processing and Validation

Data processing and validation efforts included signal decoding and filtering, and a tag-life study.

3.8.1  Signal Decoding and Filtering

Data collected by the JSATS cabled hydrophones are encoded candidate messages saved in binary
time-domain waveform (.bwm) files. A waveform decoding utility developed by the CENWP and PNNL
was used to process the files. This decoding utility identifies valid tag signals and computes the tag code
and time of arrival using Binary Phase Shift keying. Binary Phase Shift keying is a digital modulation
technique that transmits messages by altering the phase of the carrier wave. The JSATS waveform utility
decodes and stores detected signals onsite in real time in a computer hard drive connected to a series of
cabled array systems. These hard drives were swapped every 2 weeks during the study. Raw data not
decoded onsite (due to the incoming signals overloading the decoder) were decoded later by PNNL staff
in the North Bonneville field office. One researcher was assigned to each dam to monitor JSATS data
acquisition and verify proper functioning of data-acquisition systems daily. An algorithm developed
using SAS was executed to identify gaps in decoded data. Data gaps, if any, were closely scrutinized to
determine whether they were real or resulted from incomplete decoding of waveforms. System log notes
recorded by staff during regular system checks were useful diagnostic tools. Waveform data collected
during apparent gaps were reprocessed to recreate missing files of decoded data. False positive detections
were excluded using MATLAB and SAS filtering algorithms applied to the raw decoding utility results.
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The following steps were used to filter raw cabled array and autonomous node data to produce clean
detection data sets:

o Assume any decodes of the same tag occurring within 0.156 s of the previous decode to be multipath
and delete them.

o Delete invalid detection events. A detection event is valid when the time interval between any four
identical decodes is <47.8 s (3-s tags).

o Delete decodes found to be within valid detection events, as described above, if the time interval from
the original decode in the series does not closely match an even multiple of one of the modes of the
estimated pulse-repetition interval.

¢ Flag as orphans any remaining detection events for tag codes not used during the study in the hope of
explaining their presence at a later date. Do not use flagged detections in any analysis unless they are
explained. Resources for identifying used tag codes include the current code list of tags implanted in
fish, codes of beacons deployed on autonomous nodes or in forebays, and coordination with other
researchers in the basin to determine codes from concurrent studies.

¢ Flag detections that occur before a tag was released, at sites upstream of the listed release location, or
on upstream arrays after a series of detections on the downstream arrays. Do not use flagged
detections in any analysis unless the spatial or temporal discrepancies are adequately explained and
resolved.

3.8.2 Tag-Life Analysis

All tags used for this study were delivered prior to the beginning of tagging (April 12, 2012), and
these tags were from the same manufacturing lot as tags used in compliance survival studies of juvenile
steelhead in 2012. We used results from the tag-life study conducted on 100 tags randomly selected from
the lot used for tagging juvenile steelhead (see Skalski et al. 2013c) to determine whether tag-life
corrections were necessary.

3.9 Supplementing Sample Sizes by Regrouping Snake River Kelts

A similar large-scale survival study was conducted by PNNL researchers in the Snake River (SR) for
the USACE, Walla Walla District. It involved the tagging and release of 324 steelhead kelts at Lower
Granite Dam (LGR) and several tributary sites upstream of LGR (Colotelo et al. 2013). Captured fish
were surgically implanted with a 4.2-s JSATS acoustic tag and a PIT tag. The field study period was
from April 18 through August 31, 2012, and included four SR dams—LGR at SR rkm 695, Lower Goose
Dam at SR rkm 635, Lower Monumental Dam at SR rkm 589, and Ice Harbor Dam at SR rkm 538—and
four Columbia River Dams—McNary Dam at CR470, John Day Dam at CR349, TDA at CR309, and
BON at CR234.

Because of sample size limitations, SR kelts (kelts tagged and released in the Snake River basin) that
were detected at TDA and the BON dam-face array were regrouped with kelts detected at the respective
dams from our study (i.e., LCR kelts) to form a virtual-release group of all kelts and thereby increase the
precision of estimates of passage efficiency, effectiveness, and survival.
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3.10 Survival Estimates

The main focus of the study was to determine route-specific passage proportions and survival rates
for the kelts. Survival was estimated using a virtual single-release model employing TagPro and Active
Tag Life Adjusted Survival (ATLAS) software (Lady et al. 2010). ATLAS 1.5.3 was developed by the
School of Aquatic and Fisheries Science, University of Washington, to analyze the survival of acoustic-
tagged migrating smolts in the Columbia River Basin. ATLAS can eliminate survival bias due to tag
failure by providing a tag-life correction, and is widely used in smolt and adult fish passage survival
studies in the Columbia River basin. For determining survival estimates, ATLAS requires the capture
history data containing acoustic-tag detection details from all downstream survival detection arrays.
These capture history data are generated by the TagPro utility (http://www.cbr.washington.edu/telem/).

A tag-life analysis was done to determine whether tag-life corrections would be necessary for
Cormack, Jolly, Seber (CJS) estimates of dam passage and route-specific survival rates for virtual releases
of LCR kelts, SR kelts, and pooled virtual releases of SR and LCR kelts passing through the two dams.
Route-specific survival estimates for TDA were determined for the powerhouse, spillway, turbines, and
sluiceway passage routes. For BON, route-specific survival estimates were determined for kelts passing
through B1, B1 turbines, the B1 sluiceway, the spillway, B2, B2 turbines, the B2 JBS, and the B2CC.

Kelts detected at the dam-face array were regrouped to form a virtual single-release group for
estimating survival rates at the next downstream detection array. For kelt survival estimates through
TDA, the BON cabled array (CR234) was used as the primary survival detection array and autonomous
arrays at CR156 and CR113 were used as the secondary and tertiary survival detection arrays. For kelt
survival estimates through BON, the autonomous node arrays at CR156 and CR113 were used as primary
and secondary survival detection arrays, respectively. Capture history probabilities for primary and
secondary survival detection arrays were as follows:

e (00 = not detected on the primary or secondary arrays
e 10 = detected on a primary array but not on the secondary array
e 01 =not detected on the primary array but detected on the secondary array
e 11 = detected on the primary and the secondary arrays.
The use of primary survival detection arrays 75 km downstream of TDA and 78 km downstream of
BON were predicated on minimizing the probability of detecting dead tagged kelts to avoid upwardly

biasing survival estimates. The tailrace array at BON was not used to estimate survival for the same
reason.

3.11 Estimating Dam Passage Time and Passage Metrics

In this section, we describe estimators for forebay residence time, tailrace egress time, FPE, SPE, and
the efficiency of SFOs (i.e., TDA sluiceway, B1 sluiceway, B2CC) as well as measures of passage
effectiveness for the spillways and SFOs. Efficiency is defined as the proportion of fish passing through
a dam by a specific route (e.g., the spillway or a sluiceway), and efficiency can be relative to a dam (e.g.,
SPE) or relative to an adjacent powerhouse. As examples, TDA sluiceway passage efficiency can be
relative to TDA or to the TDA powerhouse, and B2CC passage efficiency can be relative to BON or to
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B2. Effectiveness is the ratio of the proportion of fish to the proportion of water passing through a dam
by a specific route.

3.11.1 Forebay Residence Time

Forebay residence time (h) was calculated by subtracting the time of first detection on the BON
forebay entrance array from the time of last detection on the BON dam-face array. Forebay residence
times could not be estimated for kelts passing through TDA because a forebay array was not deployed in
spring 2012. The median and standard error of the mean were considered the best statistics for describing
the forebay residence time for populations of tagged kelts passing through BON (LCR, SR, and LCR and
SR pooled). Mean forebay residence time can be biased high by a few kelts that held for long periods in
the forebay.

3.11.2 Tailrace Egress Time

Tailrace egress time (h) was calculated by subtracting the time of last detection on the BON dam-face
array from the time of last detection on the BON tailrace array. Tailrace egress times could not be
estimated for kelts passing through TDA because no tailrace detection array was deployed in spring 2012.
The median and standard error of the mean were considered the best statistics for describing tailrace
egress times for populations of tagged kelts passing through BON (LCR, SR, and all kelts). Mean tailrace
egress time may be biased high by a few kelts that delayed for long periods in the BON JBS.

3.11.3 Fish Passage Efficiency

Fish passage efficiency is defined as the proportion of kelts passing through the dam via non-turbine
routes such as the spillway or a SFO. For TDA, FPE was estimated as

Fﬁ _ Ngp+Ng
Ng, +Ng + N, 3.1)
where FPE is estimated FPE, N .1s the estimated abundance of kelts passing through the ith route (i =
spillway [SP], sluiceway [SL], or turbines [T]). The variance of TDA FPE was estimated as
Var(FPR) - FPE (31 _FPE)
2N,
i=l , (3.2)

where Var is the variance of a binomial in terms and subscripts described for Equation (3.1). The double
array on the dam face of TDA was shown to be 100% efficiency for over 5,700 fish detected there in a
2012 compliance study (Skalski et al. 2013b).
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For BON, FPE was estimated as

A A A
e

N.o+N,+N +N
FPE =— ABlSL _ SP _ B2CC _ B2JBS _ , (33)
NBISL +NBIT +NSP +NBZCC +NBzJBS +NBZT

where Ni is the estimated abundance of kelts passing through the ith route (i = B1 sluiceway [B1SL],
spillway [SP], B2CC [B2CC], B2 JBS [B2JBS], B1 turbines [B1T], or B2 turbines [B2T]). The variance
of BON FPE was estimated as

FPE(1-FPE)

6

>N

= : (3.4)

Var(F/PTE):

where Var is the variance of a binomial in terms and subscripts described for Equation (3.3). The double
array on the dam face of BON was 100% efficient for over 3,300 fish in a 2012 compliance study (Skalski
et al. 2013a).

Double-array detection probabilities were 100% for every route of passage through TDA and BON,
so raw counts of fish by route did not have to be adjusted to estimate absolute numbers, and variances
could be estimated from Equations (3.2) and (3.4), which consider only the first terms of the original
variance equation, based on a binomial sampling model.

FPE also can be estimated as non-turbine passage relative to passage through a powerhouse (e.g., the
TDA powerhouse FPE = N,/ (Ng, + N, ); Bl FPE= Ny, / (N5, + Ny ); and B2 FPE = (N,

+N gy ms) ! (Ngsee + N gy s + Ny,p ). Variance estimators would be analogous to those shown in

Equations (3.2) and (3.4), but terms would be limited to a single powerhouse.

3.11.4 Spill Passage Efficiency

Spill passage efficiency is defined as the fraction of fish passing through a dam via the spillway. For
TDA, SPE was calculated as:

A

—

NSP+NSL+NT, 3.5)

where SPE is estimated spill passage efficiency andN[ is the estimated abundance of acoustic-tagged fish

through the ith route (i = spillway [SP], sluiceway, [SL], or turbines [T]). The variance of SPE was
estimated as

Var(SPE) = 22— >~

K

= , (3.6)
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where Var is the variance of a binomial in terms described for Equation (3.5).

Spill passage efficiency for BON was estimated by the fraction

SPE=—e— N
NBISL +NBIT + NSP +N32CC + NZJBS +NBZT (3.7)

where SPE is the estimated spill passage efficiency and N,. is the estimated abundance of acoustic-tagged
fish through the ith route (i = B1 sluiceway [B1SL], B1 turbines [B1T], spillway [SP], B2CC [B2CC],

B2 JBS [B2JBS], and B2 turbines [B2T]). The variance of SPE was estimated as

SPE(1-SPE)

>N,
i=1

Var(S/PTE)z
s (3.9)

where Var is the variance of a binomial.

3.11.5 Sluiceway Passage Efficiency Relative to the Dam

Sluiceway passage efficiency (SLE) for a dam is defined as the fraction of kelts passing through the
dam via a SFO relative to the total number passing through the dam. For TDA, SLE was estimated by the
fraction

o~

SLE = — A{SL =
Ny +Ng + N,

: (3.9)

where N, is the estimated abundance of acoustic-tagged fish through the ith route (i =sluiceway [SL],

spillway [SP], or turbines [T]). The variance of SLE was estimated as

SLE(1-SLE)

Var(sTi) - SLEU=SLE)

S

il , (3.10)
where Var is the variance of a binomial.

For BON, the B1 sluiceway passage efficiency relative to the entire dam was estimated by the
fraction
BISLE=—— Mo
NBlSL+NBIT+NSP+ 82CC+NBZT+NBZJBS (3.11)

where, terms were described previously for calculating BON FPE.
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The variance of BISLE was estimated as

var(BTSLE) - BISLE(61—BISLE)
>N
i=l , (3.12)
where Var is the variance of a binomial.
The B2CC passage efficiency relative to the entire dam was estimated by the fraction
BCC=— Mwee
NBISL+NBIT+NSP+NBZCC+NB2T+NB2JBS (3.13)
where terms were described previously for calculating BON FPE.
The variance of B2CC passage efficiency was estimated as
Var(B35E) - B2CC(61 ~B2CC)
>,
i=1 , (3.14)

where Var is the variance of a binomial.

3.11.6 Sluiceway Passage Efficiency Relative to an Adjacent Powerhouse

Sluiceway passage efficiency relative to an adjacent powerhouse (SLEpn) is the passage efficiency for
an SFO relative to total numbers passing through the adjacent powerhouse. For TDA, SLEpy was
estimated by the fraction

A

S/fE\ZAJVAA
o N + N,

(3.15)

where terms were described previously for Equation (3.1) above. The variance of SL/_E\pH was estimated
as

Var(SL/]_E\PH ) =
i=l , (3.16)
where Var is the variance of a binomial.

For the BON B1 B1SLEg; was estimated as estimated by the fraction
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NBISL +NBIT (3.17)

The variance of m, was estimated as

BISLE,, (1- BISLE,, )

Y
i=1

Var(I’B/IISEBI)z

) (3.18)
where Var is the variance of a binomial.
The B2CC passage efficiency relative to B2 (B2CCpgz) was estimated by the fraction
N
B2CCB2 =— AB2CC _ ,
Npsce T Npyjps + Npar (3.19)
The variance of B/Z’C\C]32 was estimated as
B2CC,,(1-B2CC
Var(B2CC,, ) = ——2 (3 )
SN
i=l , (3.20)

where Var is the variance of a binomial.

3.11.7 Spill Passage Effectiveness

Passage effectiveness is defined as the proportion of fish passing through a particular route divided by
the proportion of volume of water flowing through that route. The spill passage effectiveness at BON
was estimated by the quantity

(I}SP ) SP
Vr , (3.21)
where N sp = spill passage

— — e~ — -

NSP =Ny +Nyp+Nyoee + Ny s + Ny, = (non-spill passage)
VSP
Vr

volume of water spilled

total volume of water passing through the dam

during the period of inference
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SPE = spill passage efficiency.
The variance of SPN can be estimated by

(57 ) = 2| (7]
s . (3.22)

Spill passage effectiveness and its variance for TDA would be calculated similarly. The only

difference is in the definition of ]@ , which for TDA would be ]@ = ]T]; + ]/\7; , where ﬁ; is the

number passing through the sluiceway and ]/\7\T is the number passing through the turbines.

3.11.8 Sluiceway Passage Effectiveness

For TDA, sluiceway passage effectiveness relative to the entire dam was estimated by the quantity

— NSL+ N —
SIN=~—_ S/ _QIF. Yy

(I}SL ) VSL
Ve , (3.23)
where N o, = sluiceway passage
NSL = ]T/;, + X/\T = (non-sluiceway passage, i.e., through the spillway and turbines,
respectively)
Vs, = volume of water passed through the sluiceway
V. = total volume of water passing through the dam during the period of
inference
SLE = sluiceway passage efficiency.
The variance of SLN can be estimated by
v 2
Var(SLN | = [#) Var(SLE)
S (3.24)

For TDA, sluiceway passage effectiveness relative to the powerhouse was estimated by the quantity

Ny,

m(

]
- SLEPH Vew
Vs ) Ve

: (3.25)
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where = sluiceway passage

@

number passing through turbines

) =y 2
I

= number passing through the sluiceway

@

Vg, = volume of water passed through the sluiceway
Voy = total volume of water passing through the dam during the period of inference
SLE,, = sluiceway passage efficiency relative to the powerhouse.

The variance of SLN can be estimated by

V(51| V(ST
f , (3.26)

For the BON B1 sluiceway, sluiceway passage effectiveness relative to the entire dam was estimated
by the quantity

[/‘\]VBISL J
- NBISL+NBISL :B/L_S'E'

BISLN = - Vi
(VBISL ) VBISL
v , (3.27)
where Nysi — B1 sluiceway passage

A

NBISL = Nyr+ Nop+ Nysce + Nya s + Nipor = (non-B1 sluiceway passage)

<>

BISL = yolume of water passed through the
B1 sluiceway

Vr 2 total volume of water passing through the dam
during the period of inference
BISLE - B sluiceway passage efficiency, as defined in
Equation (3.11).

The variance of SLN can be estimated by

(52 = | )
S

(3.28)
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The B1 sluiceway passage effectiveness relative to B1 was estimated by the quantity

( _ N BISL }
Ny +N 14
BISLN, =~2T 25/ —BISLE,, - =2
(VBlSL ) VBlSL
Vi , (3.29)
where N s, = estimated number passing through the B1 sluiceway
N pir = estimated number passing through B1 turbines
Vas = volume of water passed through the sluiceway
Vy, = total volume of water passing through the dam during the period of inference
BISLE, = sluiceway passage efficiency relative to the B powerhouse.
The variance of ml can be estimated by
I} 2
Var(BISLN | :[1}31 ] Var(BISLE, )
B1SL , (330)
BON B2CC passage effectiveness relative to the entire dam was estimated by the quantity
_—_ | NB2CC+N — 7
B2CCSLN = — 2L = B2CC-——
(VBZCC ) Vaace
Vr (3.31)
N

where B2¢C = estimated number passing through the B2CC

NB2CC = NBISL +N317 +NSP +N32135 +NB2T

= (non-B2CC kelt passage)

52¢C = estimated volume of water passed through the
B2CC

= estimated total volume of water passing through
the dam during the period of inference

B2CC = estimated B1 sluiceway passage efficiency, as
defined in Equation (3.13).
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The variance of B2CCSLN can be estimated by

¥ accsiv)- ;| a(53cc)

B2CC (3.32)
B2CC sluiceway passage effectiveness relative to B2 was estimated by the quantity
[ Nipee ]
——— | N, +NB2CC 7
B2CCSLN,, = ~—22<_ B22 =B2CC,, - —£2
(VBZCC B2CC
Vi : (3.33)
where N scc = estimated number passing through the B2CC
Zm = estimated number passing through B2 by non-B2CC routes (B2 JBS and
B2 turbines)
Virce = estimated volume of water passed through the B2CC
V,, = total volume of water passing through B2 during the period of inference
BISLE, = sluiceway passage efficiency relative to the B1 powerhouse.
The variance of mz can be estimated by
V 2
Var(B2CCSLN,,, | = (LJ .Var(B2CC,,
B2CC (3.34)
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4.0 Results

The study derived results related to survival and passage estimates, passage efficiency and
effectiveness, forebay residence and tailrace egress time, and kelt condition and release, as described in
the following sections.

4.1 Dam Passage and Survival Estimates

The following sections describe the number of kelts passing through various routes at TDA and BON
and their associated survival rates.

411 Tag-Life Corrections

No tag-life corrections were required for SR or LCR kelt survival estimates described in this study.
All surviving SR kelts implanted with 4.2-s acoustic tags passed the last survival detection array near
Kalama, Washington (CR113) in 24.2 d, and those tags had a minimum lifespan of 45.3 d (Colotelo et al.
2013). All surviving LCR kelts passed the last detection array near Kalama within 20 d, and their
attached 3-s acoustic tags lasted an average of 32.2 d (minimum 27.9 d).

41.2 The Dalles Dam Passage and Survival Estimates

Of 24 LCR kelts released upstream of TDA in the Deschutes River Basin, only 14 (58.3%) were
detected at TDA on the dam-face cabled array. Of the 14 detected kelts, 10 (71.4%) passed at the
spillway and four (28.6%) passed by powerhouse routes—two via the sluiceway and two through turbine
units. A total of 177 kelts released in the Snake River Basin were detected at TDA on the dam-face
cabled array; 149 (84.2%) passed at the spillway, 12 (6.8%) passed through the sluiceway, and 16 (9.0%)
passed through the turbines.

Sample sizes for LCR kelts detected at TDA were too small to provide accurate survival estimates,
and had a large standard error. Pooling the virtual-release detections of LCR and SR kelts provided
adequate samples sizes for estimating survival (Table 4.1). The dam passage survival rate for LCR kelts
passing through TDA (N=14) was 0.750 (SE = 0.1336); the upper 95% confidence interval (CI) exceeded
1.00. The estimated survival rate for the SR kelts was 0.896 (SE = 0.0249) (Table 4.1). The dam
passage survival rate for pooled SR and LCR kelts was 0.883 (SE=0.0252). Passage survival rates for all
kelts (SR and LCR kelts) indicate the best routes of passage at TDA included the sluiceway (0.931) and
spillway (0.913), which had overlapping 95% Cls (Figure 4.1). Passage survival for all SR and LCR kelts
(N=16) through turbines was 0.533 (SE=0.1288), and this was significantly lower than the survival of
kelts passing through the sluiceway or spillway.
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Table 4.1. Passage proportion and survival estimates with standard errors (SEs) for all kelts (combining
SR kelts and LCR kelts), SR kelts, and LCR kelts through The Dalles Dam.

All SR LCR
Kelts Survival  Kelts Survival Kelts
Route N) (%) (SE) N) (%) (SE) (N) (%) Survival (SE)
0.8829 0.8956 0.7500
TDA Dam N 0.0252) 163 (0.0249) K (0.1336)
. 0.9132 0.9394 0.7000
Spillway 149 84.18 (0.0243) 139 85.28 (0.0296) 10 71.43 (0.1449)
0.7185 0.6942 0.7500
()
Powerhouse 28 15.82 (0.0860) 24 14.72 (0.1021) 4 28.57 (0.2165)
. 0.5333 0.5385
Turbine 16 9.04 (0.1288) 14 8.59 (0.1383) 2 14.29
. 0.9308 0.9333
Sluiceway 12 6.78 (0.0753) 10 6.13 (0.1233) 2 14.29

(a) Among the four kelts passing through powerhouse, two of the kelts passing through sluiceway were detected below
CR234, whereas only one of the kelts passing through the turbine was detected below CR234.

1.2
1 +
0.8 T
s
306
a [ |
0.4
0.2
0 T T T
Dam Spillway Sluiceway Turbine

Figure 4.1. Survival estimates (with 95% CI) for all kelts through The Dalles Dam.

4.1.3 Bonneville Dam Passage and Survival Estimates

Kelts released upstream and downstream of TDA and detected by the BON dam-face cabled array
were virtually regrouped, and their passage and survival rates through BON and 78 km of tailwater were
estimated using a single-release CJS model. A total of 25 LCR kelts were detected at the BON dam face;
8 passed at B1 (32%), 9 at the spillway (36%), and 8 at B2 (32%) (Table 4.2). Only 9 of 24 (37.5%) LCR
kelts released upstream of TDA and 16 of 34 (47.1%) released downstream of TDA were detected at the
BON dam face. At Bl, five kelts passed through turbines (62.5%), and three passed through the B1
sluiceway (37.5%). Of the eight kelts passing through B2, passage was split between the B2CC (37.5%),
JBS (25%), and turbines (37.5%) (Table 4.3), so B2 FPE was 62.5%. A total of 138 SR kelts were
detected at the BON dam face; 74 (53.6%) passed through the spillway and 64 (46.4 %) passed through a
powerhouse (23.9% at B1 and 22.5% at B2; Table 4.2). After combining and regrouping SR and LCR
kelts, 163 kelts were detected by the BON dam-face cabled array and nearly the same proportion of kelts
passed via spillway and powerhouse routes (Table 4.2). Among 80 kelts detected at different powerhouse
units, 41 (51.25%) passed through B1 and 39 (48.75%) passed through B2. At B1, 20 (49%) passed
through the B1 sluiceway and 21 (51%) passed through turbines, while at B2, 29 (74.4%) passed through
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the B2CC, 5 (12.8%) passed through the JBS, and 5 (12.8%) passed through B2 turbines (Table 4.3). The
probability of turbine passage was higher for kelts passing via B1 (51%) than for kelts passing via B2
(12.8%).

Table 4.2. Passage proportions and survival rates with standard errors (SEs) for all kelts (combining SR
and LCR kelts), SR kelts, and LCR kelts through Bonneville Dam. After dam passage
survival at BON, major passage routes are listed based upon the ranked order of point
estimates from highest to lowest passage survival although all estimates have overlapping

95% Cls.
All LCR
Kelts SR Kelts Kelts
Route (N) (%) Survival (SE) (N) (%) Survival (SE) N) (%) Survival (SE)
BON 163 0.8666 (0.0270) 138 0.8999 (0.0270) 25 0.6800 (0.0933)
Spillway 83 50.92 0.9106 (0.0329) 74 53.62 0.9256 (0.0322) 9 36.00 0.7778 (0.1386)
B1 and B2 80 49.08 0.8226 (0.0445) 64 46.38 0.8706 (0.0445) 16 64.00 0.6250 (0.1210)
B1 41 25.15 0.7859 (0.0653) 33 2391 0.7934 (0.0719) 8 32.00 0.7500 (0.1531)
B2 39 23.93 0.8626 (0.0600) 31 22.46 0.9531 (0.0470) 8 32.00 0.5000 (0.1768)

Table 4.3. Passage percentages and survival rates with standard errors (SEs) for all kelts, SR kelts, and
LCR kelts passing through Bonneville Dam routes and subroutes. Passage routes are listed
based upon the ranked order of point estimate (highest to lowest) passage survival, even
though all estimates had overlapping 95% Cls.

All SR LCR
Kelts Kelts Kelts
Sub-Route N) (%) Survival (SE) N) (%) Survival (SE) N) (%) Survival (SE)

B2CC 29 1779 09458 (0.0493) 26  18.84  0.9423(0.0557) 3 12,00 1.0000 (0.0000)
Spillway 83 5092 0.9106(0.0329) 74  53.62  0.9256 (0.0322) 9 3600  0.7778 (0.1386)
?)ftig Litoe 49 3006  0.8869 (0.0478) 43 31.16  0.8702 (0.0539) 6 2400  1.0000 (0.0000)
BI Sluiceway 20 1227 0.8036 (0.0900) 17 1232 0.7647 (0.1029) 31200 1.0000 (0.0000)
B Turbine 21 12.88  0.7692(0.0943) 16  11.59  0.8250(0.1003) 5 20.00 0.6000
All Turbines 26 1595  0.7385(0.0884) 18  13.04  0.8426(0.0895) 8 32,00  0.5000 (0.1768)
B2 IBS 5 3.07 0.6000 3 2.17 2 8.00
B2 Turbine 5 3.07 0.6000 2 1.45 3 12,00

Sample sizes of LCR kelts passing through BON were too low to provide accurate survival estimates
for BON or any major route through the dam. Dam passage survival for LCR kelts at BON was just 0.68
(N=25; SE =0.0933). However, based on overlapping 95% Cls, this point estimate did not differ
significantly from a dam passage estimate for SR kelts (.§ = 0.900) or all kelts (0.867; Table 4.2). Small
sample sizes and low precision for survival estimates for LCR kelts passing through the dam, spillway,
B1, and B2 were responsible for overlapping 95% Cls for LCR kelts and all kelts. In fact, the only point
estimates (Table 4.2) that did not have overlapping 95% CIs were for SR kelts passing through B2 ($ =
0.9531) and LCR kelts passing through B2 (§ = 0.5000) (Figure 4.2).
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Figure 4.2. Survival estimates (with 95% CI) for kelts through Bonneville Dam.

The combination of SR kelts and LCR kelts detected at BON (i.e., all kelts) resulted in relatively high
dam survival rate (0.8666% [SE = 0.027]), which did not differ significantly from the rate for SR kelts
(0.8999 [SE = 0.027]). For all kelts and SR kelts, all point estimates had overlapping 95% Cls, which
suggests that estimates did not differ significantly, although there was a wide range among point estimates
for the various routes (Table 4.3). Had sample sizes been higher and precision improved, survival rates
for some of the routes may have differed. Based solely on point estimates (Table 4.3), the B2CC was the
best route for passing kelts (= 0.9458), which was 14.2% higher than the point estimate for the
BI1 sluiceway ($=0.8036). The lowest survival rate for kelts passing through BON was 0.600 for
passage through the B1 turbines (LCR kelts) and the B2 JBS (all kelts), but the sample size for each was
only five kelts. The point estimate for B1 turbine passage survival was 0.769, 3.4% lower than that
recorded for the B1 sluiceway (Table 4.3).

4.2 Travel Times and Rates

Distribution statistics for reach travel times are summarized in Table 4.4, and statistics for travel rates
are listed in Table 4.5. The tables are followed by sections describing median forebay residence and
tailrace egress times. The distance between forebay and dam-face cabled arrays was approximately 2 km
for TDA and BON.
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Table 4.4. Travel times (hours) for kelts passing through listed river reaches from release site to the most downstream array for the LCR in 2012.

Unlisted samples included two kelts released at Neal Creek, two at Asotin, and two at Crooked River because they were never detected
and two released at Big Bear Weir because only one was detected in the LCR.

Release
Site N Reach km  Mean SE N Min 10% 25% 50% 75% 90% Max

52 Release to TDA at rkm 309 635 290.84 848 4 271.00 271.00 277.23 291.59 30445 309.17 309.17
TDA to BON Forebay (rtkm 309-236) 73 31264 588 6 29192 29192 299.64 315.58 322.59 330.53 330.53
Fish BON Forebay Residence Time (rtkm 236-234) 2 0.68 1 0.68 0.68 0.68 0.68 0.68 0.68 0.68

Creek BON Tailrace Egress Time (rkm 234-233) 1 0
Tailrace to Vancouver, WA (rkm 233-156) 77 1830 510 2 1320 1320 13.20 18.30 2340 2340 23.40
Vancouver, WA to Kalama, WA (rkm 156-113) 43 1055 185 3 8.42 8.42 8.42 9.02 1423 14.23 14.23
9 Release to TDA at rkm 309 526 407.70 34.82 2 372.88 372.88 372.88 407.70 442.52 44252 44252
TDA to BON Forebay (rtkm 309-236) 73 426.00 3299 2 393.01 393.01 393.01 426.00 458.99 45899 458.99
E. Fork BON Forebay Residence Time (tkm 236-234) 2 030 0.06 2 0.24 0.24 0.24 0.30 0.36 0.36 0.36
Potlatch BON Tailrace Egress Time (rkm 234-233) 1 0.39 1 0.39 0.39 0.39 0.39 0.39 0.39 0.39
Tailrace to Vancouver, WA (rkm 233-156) 77  16.23 1 16.23 16.23  16.23 16.23 16.23  16.23 16.23
Vancouver, WA to Kalama, WA (rkm 156-113) 43 801 1.02 2 6.99 6.99 6.99 8.01 9.02 9.02 9.02
37 Release to TDA at rkm 309 491 333.05 27.49 12 212.19 24248 256.10 322.67 393.65 481.43 49524
TDA to BON Forebay (rtkm 309-236) 73 361.79 28.37 11 228.56 275.19 288.69 35298 468.18 500.52 512.58
Joseph BON Forebay Residence Time (tkm 236-234) 2 0.61 0.14 11 0.28 0.31 0.31 0.47 0.59 1.20 1.79
Creek BON Tailrace Egress Time (rkm 234-233) 1 0.51 0.09 6 0.35 0.35 0.41 0.42 0.52 0.92 0.92
Tailrace to Vancouver, WA (rkm 233-156) 77 17.84 0.70 6 1493 1493 17.10 18.02 19.16 19.82 19.82
Vancouver, WA to Kalama, WA (rkm 156-113) 43 770 023 9 6.71 6.71 6.99 7.88 8.09 8.62 8.62
37 Release to TDA at rkm 309 486 295.57 1826 22 194.63 22220 237.34 265.65 35433 407.99 537.93
TDA to BON Forebay (rtkm 309-236) 73 323.80 21.99 20 212.15 24195 25393 275.87 43027 45232 556.16
Little BON Forebay Residence Time (rtkm 236-234) 2 1.38 051 19 0.30 0.30 0.40 0.58 1.31 4.55 9.70
\B;;rr BON Tailrace Egress Time (rkm 234-233) 1 040 0.05 16 0.22 0.26 0.28 0.32 0.51 0.69 0.87
Tailrace to Vancouver, WA (rkm 233-156) 77 2036 2.74 13 1523 1557 1640 17.26 1945 2378  52.40
Vancouver, WA to Kalama, WA (rkm 156-113) 43 872 0.70 13 6.60 6.82 7.06 7.44 9.22  12.81 13.59
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Table 4.4. (contd)

Release
Site N Reach km  Mean SE N Min 10% 25% 50% 75% 90% Max

181 Release to TDA at rkm 309 386 215.83 448 107 12853 157.60 188.07 208.45 245.58 278.08 386.66
TDA to BON Forebay (rkm 309-236) 73 23454 480 101 14455 171.15 208.08 226.03 259.32 29794 408.71
LGR BON Forebay Residence Time (rtkm 236-234) 2 6.09 338 78 0.23 0.32 0.39 0.53 1.86 477 25547
Bypass BON Tailrace Egress Time (rkm 234-233) 1 4.59 3.97 50 0.22 0.29 0.30 0.38 0.50 091 199.13
Tailrace to Vancouver, WA (rkm 233-156) 77 1820 056 56 1344 1466 1598 1695 18.83 2198 3542
Vancouver, WA to Kalama, WA (rkm 156-113) 43 848 025 73 5.71 6.83 7.24 7.98 8.83 10.79  20.26
7 Release to TDA at rkm 309 102 128.57 50.89 5 5696 5696 69.19 7277 115.66 328.25 328.25
TDA to BON Forebay (rkm 309-236) 73 9451 3.27 3 9032 9032 9032 9226 100.95 100.95 100.95
giii BON Forebay Residence Time (rkm 236-234) 2 646 609 2 037 037 037 646 1254 1254 12.54
Creek BON Tailrace Egress Time (rtkm 234-233) 1 046 0.04 2 0.42 0.42 0.42 0.46 0.50 0.50 0.50
Tailrace to Vancouver, WA (rkm 233-156) 77 2393 6.49 3 1672 1672 16.72 18.18 36.88 36.88  36.88
Vancouver, WA to Kalama, WA (rkm 156-113) 43 18.96 . 1 1896 1896 1896 1896 1896 1896 18.96
17 Release to TDA at tkm 309 88 45.11 946 8 1673 16.73 2449 3588 6542 9257 9257
TDA to BON Forebay (rkm 309-236) 73 7749 1143 7 4458 4458 53.66 64.51 108.64 121.65 121.65
Buck BON Forebay Residence Time (rtkm 236-234) 2 0.79 0.19 7 0.35 0.35 0.40 0.69 1.46 1.53 1.53
Hollow BON Tailrace Egress Time (rkm 234-233) 1 1.40 0.90 6 0.27 0.27 0.38 0.54 0.79 5.86 5.86
Tailrace to Vancouver, WA (rkm 233-156) 77 26.82 3.24 4 21.11  21.11 2290 2504 30.74 36.11 36.11
Vancouver, WA to Kalama, WA (rkm 156-113) 43 1490 298 3 9.42 9.42 942 1563 19.65 19.65 19.65
14 Downstream of TDA to BON FB (rkm 309-236) 73 12285 68.18 7  40.69 40.69 44.84 5594 75.58 531.05 531.05
) BON forebay to Dam Face (tkm 236-234) 2 48.00 46.61 6 0.33 0.33 0.36 0.81 4.62 281.04 281.04
1C5r61\64k11e BON Dam Face to Tailrace (rkm 234-233) 1 224 167 4 034 034 036 070 412 723 723
Tailrace to Vancouver, WA (rkm 233-156) 77 2438 222 4 1924 1924 20.68 2495 28.08 2837 2837
Vancouver, WA to Kalama, WA (rkm 156-113) 43 9.61 0.87 3 8.41 8.41 8.41 9.11 11.31 11.31 11.31
18  Downstream of TDA to BON FB (rkm 273-236) 37 24938 3482 10 4543 7997 203.71 262.09 307.18 386.64 419.26
BON forebay to Dam Face (rkm 236-234) 2 579 233 10 0.24 0.30 0.39 224 1042 17.04 2292
Eiovoedr BON Dam Face to Tailrace (rkm 234-233) 1 0.29  0.03 7 0.20 0.20 0.24 0.30 0.35 0.41 0.41
Tailrace to Vancouver, WA (rkm 233-156) 77 2447 229 6 15.68 1568 21.74 25.17 28.66 30.40 30.40
Vancouver, WA to Kalama, WA (rkm 156-113) 43 11.64 1.88 6 7.11 7.11 823 1037 14.14 19.65 19.65
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Table 4.5. Rate of travel (km/h) for kelts passing through listed river reaches from release site to the most downstream array for the LCR in 2012.

Release

Site Obs Reach km N Mean SE Min 10% 25% 50% 75% 90% Max
Release to TDA at rkm 309 635 4 219 0.06 205 2.05 209 218 229 234 234
TDA to BON Forebay (rkm 309-236) 73 6 227 0.04 214 214 219 224 236 243 243
Fish BON Forebay Residence Time (rtkm 236-234) 2 1 29% 294 294 294 294 294 294 294

Creek >2 BON Tailrace Egress Time (rkm 234-233) 0
Tailrace to Vancouver, WA (rkm 233-156) 77 2 456 127 329 329 329 456 584 584 584
Vancouver, WA to Kalama, WA (tkm 156-113) 43 3 430 0.65 3.02 3.02 3.02 477 511 511 5.11
Release to TDA at tkm 309 526 2 130 0.11 119 1.19 1.19 130 141 141 141
TDA to BON Forebay (rkm 309-236) 73 2 141 0.11 131 131 131 141 .52 152  1.52
E. Fork BON Forebay Residence Time (rtkm 236-234) 2 2 695 141 554 554 554 695 836 836 8.36
Potlatch BON Tailrace Egress Time (rkm 234-233) 1 039 . 039 039 039 039 039 039 039
Tailrace to Vancouver, WA (rkm 233-156) 77 1 475 . 475 475 475 4775 475 475 475
Vancouver, WA to Kalama, WA (tkm 156-113) 43 2 546 0.69 476 476 476 546 6.15 6.15 6.15
Release to TDA at tkm 309 491 12 1.58 0.12 099 1.02 127 152 192 202 231
TDA to BON Forebay (rkm 309-236) 73 11 166 0.13 1.10 1.13 120 1.60 195 205 247
Joseph 37 BON Forebay Residence Time (rkm 236-234) 2 11 448 060 1.12 1.67 340 424 638 649 7.13
Creek BON Tailrace Egress Time (rtkm 234-233) 1 6 051 009 035 035 041 042 052 092 092
Tailrace to Vancouver, WA (rkm 233-156) 77 6 435 0.18 3.89 389 402 427 450 516 5.6
Vancouver, WA to Kalama, WA (tkm 156-113) 43 9 5.62 0.17 499 499 532 546 6.15 641 6.4l
Release to TDA at rkm 309 48 22 1.76 0.09 090 1.19 137 1.83 205 219 250
TDA to BON Forebay (rkm 309-236) 73 20 1.86 0.11 1.01 124 130 2.03 220 231 2.63
Little BON Forebay Residence Time (rtkm 236-234) 2 19 337 046 021 044 153 344 495 6.62 6.62
\}?\,eea; 37" BON Tailrace Egress Time (tkm 234-233) 16 040 005 022 026 028 032 051 069 0.87
Tailrace to Vancouver, WA (rkm 233-156) 77 13 419 026 147 324 396 446 4.69 494 506
Vancouver, WA to Kalama, WA (tkm 156-113) 43 13 525 033 3.16 336 4.67 578 6.09 631 6.51
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Table 4.5. (contd)

Release
Site Obs Reach km N Mean SE Min 10% 25% 50% 75% 90% Max
Release to TDA at rkm 309 386 107 187 0.04 100 139 157 185 2.05 245 3.00
TDA to BON Forebay (rkm 309-236) 73 101 2.03 0.04 1.12 154 177 203 221 268 3.18
LGR BON Forebay Residence Time (rkm 236-234) 2 78 340 027 0.01 042 1.08 3.75 519 629 8.56
Bypass 181 BON Tailrace Egress Time (rkm 234-233) 50 459 397 022 029 030 038 050 091 199.1
Tailrace to Vancouver, WA (rkm 233-156) 77 55 439 0.10 2.17 350 4.05 454 483 525 573
Vancouver, WA to Kalama, WA (rkm 156-113) 43 73 529 0.11 212 399 487 539 594 630 7.53
Release to TDA at rkm 309 102 5 117 026 031 031 088 140 147 179 1.79
TDA to BON Forebay (rkm 309-236) 73 3 186 006 173 173 173 190 194 194 194
Bake BON Forebay Residence Time (rkm 236-234) 2 2 279 263 016 0.16 0.16 279 541 541 541
gr?ei 7 BON Tailrace Egress Time (rkm 234-233) 2 046 004 042 042 042 046 050 050 050
Tailrace to Vancouver, WA (rkm 233-156) 77 3 364 078 209 209 209 424 460 460 4.60
Vancouver, WA to Kalama, WA (tkm 156-113) 43 1 227 227 227 227 227 227 227 227
Release to TDA at rkm 309 88 8 265 053 095 095 136 247 3.66 526 526
TDA to BON Forebay (rkm 309-236) 73 7 236 033 132 132 148 250 3.00 361 3.6l
Buck BON Forebay Residence Time (tkm 236-234) 2 7 341 0.67 131 131 137 292 497 578 5.78
Hollow 17 BON Tailrace Egress Time (rkm 234-233) 6 140 090 027 027 038 054 079 586 5.86
Tailrace to Vancouver, WA (rkm 233-156) 77 4 298 031 213 213 258 3.08 338 365 3.65
Vancouver, WA to Kalama, WA (tkm 156-113) 43 3 317 072 219 219 219 275 457 457 457
Downstream of TDA to BON FB (rkm 309-236) 73 7 121 021 0.14 0.14 097 131 1.63 179 1.79
15 BON forebay to Dam Face (rkm 236-234) 2 6 284 1.03 001 0.01 043 249 552 6.10 6.10
Mile 14 BON Dam Face to Tailrace (rkm 234-233) 4 224 167 034 034 036 070 412 723 723
Creek Tailrace to Vancouver, WA (rkm 233-156) 77 4 324 031 271 271 274 313 3.74 4.00 4.00
Vancouver, WA to Kalama, WA (tkm 156-113) 43 3 455 039 380 380 380 472 511 5.11 5.11
Downstream of TDA to BON FB (rkm 309-236) 73 10 022 0.07 0.09 0.10 0.12 0.14 0.18 057 081
BON forebay to Dam Face (rtkm 236-234) 2 10 248 093 0.09 0.13 0.19 1.14 516 7.06 851
gﬁ:ﬁ 18  BON Dam Face to Tailrace (rkm 234-233) 1 7 029 0.03 020 020 024 030 035 041 041
Tailrace to Vancouver, WA (rkm 233-156) 77 6 331 036 253 253 269 311 354 491 491
Vancouver, WA to Kalama, WA (tkm 156-113) 43 6 414 058 219 219 3.04 416 522 604 6.04




4.2.1 The Dalles Dam

Forebay residence time, tailrace egress time, and travel time could not be estimated for the LCR kelts
passing through TDA because no forebay and tailrace detection arrays were installed in 2012. Fourteen
of the 24 LCR kelts released upstream of TDA and detected at TDA passed through the dam by May 6,
prior to the installation of the TDA forebay (CR311) and tailrace (CR307) arrays on June 14, and
therefore were not detected on those arrays. Only two of the 14 kelts detected at TDA were detected at
the CR325 array in Celilo, Oregon.

The median forebay residence time of SR kelts detected at TDA after installation of the forebay and
tailrace arrays was 0.6 h and the median tailrace egress time was 0.17 h.

4.2.2 Bonneville Dam

Autonomous array detections at the BON forebay (CR236) and BON tailrace (CR233) were used to
determine the forebay residence time, tailrace egress time, and project passage time for LCR and SR kelts
detected on the BON dam-face cabled array. For LCR kelts detected at BON, the median forebay
residence time was 0.793 h and the median tailrace egress time was 0.3753 h. For SR kelts detected at
BON, the median forebay residence time was 0.5431 h and the median tailrace egress time was 0.3742 h.
Pooled estimates for all kelts were as follows: median forebay residence time was 0.5847 h; median
tailrace egress time was 0.3753.

Forebay residence times tended to be longer for kelts passing through B1 than for those passing
through B2 (Table 4.6), but differences in B1 and B2 tailrace egress times were only obvious for mean
estimates (Table 4.7). High standard errors associated with all of these estimates would have produced
overlapping 95% confidence intervals, so we are not writing about statistically significant differences,
although differences in the point estimates should be informative to managers trying to set powerhouse
priority.

4.3 Passage Efficiency

There were no apparent differences in passage efficiency estimates among all kelts, SR kelts, or LCR
kelts passing through TDA based upon the overlap of 95% Cls (Figure 4.3). A significantly higher
proportion of kelts passed through the spillway than passed through the sluiceway, although SLE relative
to the powerhouse was high (0.429-0.500; Table 4.8).

For kelts passing through BON, there were no apparent differences in efficiency estimates among all
kelts, SR kelts, or LCR kelts based upon the overlap of 95% Cls (Figure 4.4; Table 4.9) although the
point estimates for all kelts and SR kelts often were higher than those for LCR kelts (e.g., FPE, SPE, SFO
passage efficiency, B1 FPE, B2 FPE, and B2CC passage efficiency). For all kelts and SR kelts,
significantly higher proportions passed through the spillway than passed through SFOs, but both routes
were major contributors to BON FPE, which was 84% for all kelts. Fish passage efficiency for B2
(B2 FPE) was greater than that of B1 (B1 FPE) for all kelts and SR kelts. The sample size for LCR kelts
was too small to allow a comparison of FPE for the two powerhouses.
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Table 4.6. Comparison of distribution statistics for forebay residence times (FB Res) of all, SR, and LCR
kelts passing through B1 and B2 in 2012. The difference between estimates (B1 — B2) is in
the column after the B2 estimates.

All Kelts SR Kelts LCR Kelts
FB FB FB

Statistic Res Res Diff FB Res FB Res  Diff FB Res Res Diff

Time, Time, (B1- Time, Time, (B1- Time, Time, (B1-

h(Bl) h(B2) B2) h(B1) h(B2) B2) h(B1) h(B2) B2)
Mean 14.32 342 10.89 8.08 0.70 7.38 6.84 38.03 -31.19
Std Error 7.03 3.15 3.88 2.80 0.22 2.59 2.81 34.74 -31.93
N 37.00 33.00 4.00 27.00 14.00 13.00 8.00 8.00 0.00
Minimum 0.48 0.18 0.30 0.48 0.23 0.25 0.73 0.24 0.49
1st Pctl 0.48 0.18 0.30 0.48 0.23 0.25 0.73 0.24 0.49
10th Petl 0.55 0.19 0.36 0.54 0.30 0.24 0.73 0.24 0.49
Lower Quartile 1.20 0.24 0.97 1.03 0.37 0.66 1.00 0.34 0.65
Median 2.84 0.2714 2.57 2.84 0.46 2.38 3.04 1.98 1.06
Upper Quartile 6.40 0.32 6.08 5.94 0.59 5.35 11.48 9.14 2.34
90th Pctl 28.75 0.37 28.38 28.75 1.07  27.68 22.92 281.04  258.12
99th Pctl 25547 10427 151.21 65.69 342 6227 22.92 281.04  258.12
Maximum 25547 10427 151.21 65.69 342 6227 22.92 281.04  258.12

Table 4.7. Comparison of distribution statistics for forebay residence times (FB Res) of all, SR, and LCR
kelts passing through B1 and B2 in 2012. The difference between estimates (B1 — B2) is in
the column after the B2 estimates.

All Kelts SR Kelts LCR Kelts
FB FB FB

Statistic Res Res Diff FB Res FB Res ' Res FB Res Diff
Time, Time, (B1- Time,h  Time, Diff Time, Time, (B1-

h(Bl) h(B2) B2) (B1) h(B2) (BI-B2) | h(Bl) h(B2) B2)
Mean 6.57 0.41 6.16 8.15 0.36 7.78 1.24 0.50 0.74
Std Error 5.67 0.09 5.58 7.35 0.10 7.26 0.86 0.15 0.71
N 35.00 10.00 25.00 27.00 8.00 19.00 8.00 3.00 5.00
Minimum 0.20 0.22 -0.02 0.23 0.22 0.01 0.20 0.30 -0.10
1st Pctl 0.20 0.22 -0.02 0.23 0.22 0.01 0.20 0.30 -0.10
10th Petl 0.25 0.22 0.03 0.29 0.22 0.07 0.20 0.30 -0.10
Lower Quartile 0.29 0.24 0.06 0.31 0.23 0.08 0.25 0.30 -0.05
Median 0.37 0.29 0.08 0.39 0.28 0.11 0.29 041 -0.12
Upper Quartile 0.65 0.41 0.24 0.65 0.31 0.34 0.72 0.79 -0.07
90th Pctl 1.02 0.91 0.10 0.93 1.04 -0.11 7.23 0.79 6.44
99th Pctl 199.13 1.04 198.09 199.13 1.04 198.09 7.23 0.79 6.44
Maximum 199.13 1.04 198.09 199.13 1.04 198.09 7.23 0.79 6.44
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Figure 4.3. Passage efficiency estimates with 95% CI for all kelts, SR kelts, and LCR kelts through
The Dalles Dam.

Table 4.8. Fish passage efficiency (FPE), spillway passage efficiency (SPE), and sluiceway passage
efficiency (SLE) for kelts passing through The Dalles Dam.

Performance All Kelts SR Kelts LCR Kelts
Metric Estimate SE N  Estimate SE N  Estimate SE N
FPE 0910 0.0216 177 0914  0.0219 163 0.857 0.0935 14
SPE || dam 0.842 0.0274 177  0.853 0.0278 163 0714  0.1207 14
SLE || dam 0.068 0.0189 177  0.061 0.0188 163 0.143 0.0935 14
SLE || PH 0429  0.0935 28 0417 0.1006 24 0500 0.2500 4
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Figure 4.4. Passage efficiency estimates by route with 95% CI for all kelts, SR kelts, and LCR kelts
through Bonneville Dam.
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The B2CC contributed more to B2 FPE than did the B2 JBS for LCR kelts as well, because very few
kelts passed through B2 turbine units (Table 4.9). In general, the fish passage and sluiceway passage
efficiencies for kelts detected at BON were greater at B2 than B1 (Table 4.9). The SPE for BON kelts
was much lower than the SPE for TDA.

Table 4.9. Passage efficiency estimates by route for kelts passing through Bonneville Dam.

All Kelts SR Kelts LCR Kelts

Performance Metric Estimate SE N Estimate SE N  Estimate SE N
FPE 0.8400 0.0290 163 0.8700 0.0290 138 0.6800 0.0930 25
SPE 0.5090 0.0390 163 0.5360 0.0420 138 03600 0.0960 25
B1 SLE || dam 0.1230 0.0260 163 0.1230 0.0280 138  0.1200 0.0650 25
B2CC Passage Efficiency || dam 0.1780 0.0300 163 0.1880 0.0330 138  0.1200 0.0650 25
SFO Passage Efficiency || dam 0.3010 0.0360 163 0.3120 0.0390 138 0.2400 0.0850 25
B2 JBS Passage Efficiency || dam 0.0310 0.0140 163 0.0220 0.0120 138 0.0800 0.0540 25
BI1 FPE (i.e., Bl SLE || Bl) 0.4880 0.0781 41  0.5150 0.0870 33 03750 0.1712 8
B2 FPE (i.e., B2 SLE || B2) 0.8718 0.0535 39 0.9355 0.0441 31 0.6250 0.1712 8
B2CC Passage Efficiency || B2 0.7440 0.0700 39 0.8390 0.0660 31 03750 0.1710 8
B2 JBS Passage Efficiency || B2 0.1282 0.0535 39 0.0968 0.0531 31  0.2500 0.1531 8

4.4 Passage Effectiveness

For all kelts passing through TDA, sluiceway passage effectiveness was significantly higher than spill
passage effectiveness (Table 4.10), although for SR kelts and LCR kelts the effectiveness estimates for
the sluiceway and spillway had overlapping 95% Cls (Figure 4.5). Effectiveness estimates for the three
kelt groups (all, SR, and LCR) did not differ based upon the overlap of 95% Cls. Relative to the
powerhouse, the proportion of fish passing through the sluiceway was 18.7 to 22.5 times higher than the
proportion of powerhouse water passing through the sluiceway (2.22%) (Table 4.10). The average flow
(in kcfs) through TDA from April 17 to July 15, 2012 via spillway, powerhouse, and sluiceway were
133.3, 197.9, and 4.4, respectively (Columbia River DART 2013).

Table 4.10. Passage effectiveness estimates for kelts passing through The Dalles Dam.

All Kelts SR Kelts LCR Kelts
Performance Metric Estimate ~ SE N Estimate SE N Estimate SE N
Spill Passage Effectiveness || dam 2.092 0.067 177 2.119 0.070 163 1.774 0.3006 14
Sluiceway Passage Effectiveness || dam 5.100 1423 177 4.620 1415 163 10.76 7.0413 14
Sluiceway Passage Effectiveness || PH 19.28 4.207 28 18.744 4527 24 22493  11.247 4
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Figure 4.5. Passage effectiveness estimates with 95% CI for all kelts, SR kelts, and LCR kelts through
Bonneville Dam.

For all kelts passing through BON, the sluiceways were clearly more effective than the spillway for
passing kelts (Table 4.11; Figure 4.6). Effectiveness estimates did not differ among the three kelt groups
based on overlapping 95% Cls. Relative to the entire dam, the effectiveness of the B1 sluiceway
(40.60—41.67) was significantly higher than the effectiveness of the B2CC for passing kelts (8.53—13.39).
Relative to the adjacent powerhouse, the B1 sluiceway passed 48.8% of all kelts that passed B1 in just
1.025% of water discharge through B1 (effectiveness = 47.6). In contrast, the B2CC passed 74.36% of all
kelts that passed B2 in just 4.54% of the water passing through B2 (effectiveness = 16.4). The average
flow (in kefs) through BON from April 17 to July 15, 2012 via spillway, B1, B1 sluiceway, B2 and B2CC
were 140.1, 100.5, 1.0, 108.1, and 4.9, respectively (Columbia River DART 2013).

Table 4.11. Passage effectiveness estimates for kelts passing through Bonneville Dam.

All Kelts SR Kelts LCR Kelts

Performance Metric Estimate SE N Estimate SE N Estimate SE N
Spill Passage Effectiveness || dam 1.268  0.0975 163 1.335 0.1057 138 0.896  0.2390 25
B1 Sluiceway Passage Effectiveness || dam 41.510  8.6936 163 41.670  9.4644 138 40.600 21.9866 25
B2CC Passage Effectiveness || dam 12.640  2.1281 163 13385 2.3648 138 8.525 4.6173 25
SFO Passage Effectiveness || dam 17.650  2.1086 163 18295 23148 138 14.091 5.0151 25
B1 Sluiceway Passage Effectiveness || B1  47.571  7.6128 41 50.238 8.4842 33 36.570 16.6920
B2CC Passage Effectiveness || B2 16.379  1.5401 39 18.474 14551 31 8.260  3.7702

4.14



Spill Passage Effectiveness || dam B1 Sluiceway Passage Effectiveness || dam
1.8 90
16 80
14 70
¢
12 L4 60
210 - %0
£ o £ 40
% 0.8 ]
w w30
06 20
0.4 10
0.2 0
0.0 T T d 10 T T
ALL SR LCR ALL SR LCR
B2CC Passage Effectiveness || dam SFO Passage Effectiveness | | dam
20 30
15 25
¢ ¢ » T |
o 10 o # ?
£ 7 £ I 1
g 3
10
0 5
5 T T ] 0
ALL SR LCR ALL SR LCR
B1 Sluiceway Passage Effectiveness || B1 B2CC Passage Effectiveness | | B2
80 25
70 T
0 1‘, 20 i T
50
% (f % 15 l
£40 | £
w 30 w10
20
5
10
0 T T ] 0
ALL SR LCR ALL SR LCR

Figure 4.6. Passage effectiveness estimates (fish proportion/flow proportion) with 95% CI for kelts
passing through Bonneville Dam.

4.5 Iteroparity and Upstream Movement

None of the kelts tagged in the LCR were PIT-detected at John Day Dam adult fish ladders in 2012
(i.e., all migrated downstream). It is recommended that researchers conducting subsequent kelt studies in
the LCR record the percentage of surviving LCR and SR kelts migrating downstream in 2012 that are
later PIT-detected in LCR fish ladders during upstream migration in 2013, 2014, and 2015, to provide an
estimate of the iteroparity rate.
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4.6 Kelt Condition and Release

Kelt condition scores were based on 0 to 3 comments per fish. The final condition scores did not vary
significantly with sex (males, females, undetermined), reproductive state (scores ranged from 2 to 3), or
run type (clipped or unclipped) (all p > 0.1741). However, kelt condition varied significantly with release
location (y* (4) = 18.8225, p = 0.0009). More specifically, kelts tagged and released at the Hood River
location were in better condition than Bakeoven Creek < Buck Hollow Creek < Fifteenmile Creek <
Neal Creek.

Notably, both Neal Creek kelts released were in opposing conditions, one in good condition with no
maladies noted, and the other in poor condition with several maladies. These kelts were not detected on
any array, which we attribute to the malady-free kelt not outmigrating, while the kelt that had maladies
likely did not survive to the first array. Only 2 of 11 kelts noted to be in poor condition when released
from other sites were detected, and only one was detected on the two most downriver arrays.

To better understand how fish condition influences kelt outmigration and detection, mean
outmigration travel time (mm:ss/rkm) was estimated by release location and kelt condition. Kelts tagged
at Bakeoven, Buck Hollow, and Fifteenmile creeks (66:58 = 75:00) outmigrated significantly faster than
those tagged at Hood River (318:29 + 149:25; F(3, 27) = 12.28, p < 0.0001). Similarly, kelts in poor
condition outmigrated significantly faster (28:54 + 11:56 mm:ss/rkm) than those in better condition
(280:35 £ 169:39 mm:ss/rkm, F(1, 29) = 10.40, p = 0.0031). The sex of the kelts was not found to
significantly influence the mean travel time (p > 0.6137). Run type was found to significantly influence
the mean travel time (y* (1) = 4.39, p = 0.0362); however, adipose clipped kelts were not released at each
location, which may bias these findings.

The LCR kelt data suggest that release location and kelt condition can influence route of passage, but
sample sizes were too low to test this hypothesis.
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5.0 Discussion

To overcome study limitations imposed by small sample sizes, kelts tagged and released in the
Snake River were added to the LCR kelts to form virtual-release groups to bolster sample sizes and obtain
reasonable inference from study results. Point estimates of dam passage survival for LCR kelts were
lower than estimates for SR kelts at both TDA and BON, but given low precision and overlapping
95% Cls, the LCR survival estimates likely did not differ significantly from estimates for SR kelts. A
likely explanation for noticeably higher point estimates of dam passage survival for SR kelts is that the
poorly conditioned fish died while outmigrating prior to reaching TDA and therefore were not included in
the SR virtual-release group at TDA and BON. Consequently, a higher proportion of weak or injured
LCR kelts survived to be regrouped into the virtual releases. In short, the weaker kelts were already
filtered out of SR virtual releases, and only the stronger individuals persistently continued their
downstream migration. A total of 13 LCR kelts (11 females, 1 male, and 1 unknown) were detected at the
downstream most array (CR113) after traveling through TDA and BON. The statistical analysis tools
used for determining survival rates and passage efficiency were developed for higher sample size runs
and were very likely to be less efficient for small sample sizes. Thus, it was necessary to increase the
sample size for a more realistic result, which was only possible by regrouping the SR kelts with LCR
kelts detected at the TDA and BON dam-face cabled arrays. The start date of the project was delayed due
to high flows observed in the tributaries during the fish collection and tagging period (April 12 to June 4),
which contributed to the low numbers of obtainable LCR kelts. By the start of tagging, nearly 90% of the
kelts in the tributaries had already migrated downstream after spawning. The continuous high flow
observed during the fish collection period flooded weir traps and significantly reduced the efficiency of
the remaining traps, resulting in an unexpectedly low sample size of 58 LCR kelts.

Based on pooled virtual-release groups of LCR and SR kelts (N = 177), TDA kelt passage was
highest at the spillway (84.18%), and spillway passage survival (§ =91.3%) was similar to that estimated
for sluiceway passage, although only 6.8% of kelts passed through the latter route (Figure 5.1). Neverthe-
less, the sluiceway route was very important because it provided a safe alternative (S = 93.08%) to
passage through adjacent turbines (§ = 53.33%). A total of 42.86% of the kelts that passed through the
TDA powerhouse passed via the sluiceway in just 2.22% of the powerhouse flow, yielding sluiceway
passage effectiveness estimate of 19.3.

The 2012 study results for BON do not provide an unequivocal answer about which powerhouse to
prioritize for power generation. High river discharge limited the operational control afforded to operators
and did not emphasize the B1 powerhouse priority as much as in an average or low-water year. However,
the high river flow did provide a good test bed for comparing metrics for the two powerhouses because
both powerhouses were operated at available capacity. Between April 12 and July 15, 2012, B1 and B2
ran at approximately 94.2% and 81.4% of capacity, respectively. Most of the 12.1% difference was due
to B2 turbines 11 and 14 being out of service 90% and 61.1% of the time, respectively.

While limited sample sizes resulted in high standard errors and few 95% confidence intervals that did
not overlap, differences in point estimates suggest that B2 should be the priority powerhouse for kelt
passage, at least until more precise estimates demonstrate otherwise. This conclusion is based on the
following observations from results. First, estimates of B2 FPE were higher than estimates for B1 FPE
for all kelts (38.4%), SR kelts (42.1%), and LCR kelts (25.0%). Second, estimates of B2CC passage
efficiency relative to B2 were higher than estimates of B1 sluiceway efficiency for all kelts (25.6%) and
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SR kelts (32.4%) but not for LCR kelts. Third, the point estimate of B2 passage survival was 7.67%
higher than the estimate for B1 passage survival for all kelts, and for SR kelts it was 15.97% higher for
B2 than it was for B1. Fourth, mean and median point estimates of forebay residence times usually were
longer for kelts passing through B1 than they were for kelts passing through B2. For example, mean and
median differences (B1 minus B2 forebay residence time) were 10.89 h and 2.57 h for all kelts and 7.38 h
and 2.38 h for SR kelts. The difference in medians was 1.06 h for LCR kelts. While none of these
differences was significant given the the sample sizes in this study, point estimate comparisions strongly
suggest that B2 should be the priority powerhouse.
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Figure 5.1. Kelt passage percentage and survival estimates for TDA routes. Vertical bars are
95% confidence intervals.

After pooling LCR and SR kelts, 163 kelts were detected at BON, 50.9% passed through the spillway
(8= 91.1%), and nearly equal proportions passed at B1 (§=78.6%) and B2 ( $ =86.3%), although these
route-specific survival rates do not differ significantly based on overlapping 95% Cls (Figure 5.2). The
B2 turbines and B2 JBS had the lowest point estimates of survival ($=60% each), but given that only five
kelts passed via each of these routes, the estimates were imprecise and not informative. The survival
estimate for kelts passing via the B1 turbines ( $=76.9%) was 16.9% higher than for the B2 turbines
(8§=60.0%) and did not differ from the rate for the B1 sluiceway ($=80.4%). Unlike TDA, islands
isolate powerhouse forebays from the spillway forebay at BON, so that the proportion of kelts passing
through B1, the spillway, and B2 likely is influenced more by bulk flow proportions to each forebay than
by passage selection.

The B2CC provided a safer (§=94.6%) alternate route of passage for kelts passing through B2
compared to the B1 sluiceway at B1 (Figure 5.2). The B2CC passed 74.4% of kelts in 4.54% of
B2 discharge, yielding an estimated effectiveness of 16.4, and the survival rate of those kelts was 34.6%
higher than that of kelts passing through the B2 JBS or B2 turbines. At B1, kelts passed through the
sluiceway and turbines in nearly equal proportions and with similar survival rates (Figure 5.1). Kelts
passing through B1 turbines survived at a 16.9% higher rate than kelts passing through B2 turbines,
which may be due to the installation of minimum gap runner turbines at B1 and the slightly lower
hydraulic head.
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Figure 5.2. Kelt passage percentage and survival estimates for BON routes. Vertical bars are
95% confidence intervals, and they were not estimated for the B2 JBS or B2 turbines
because only five kelts passed by each of these routes.

53






6.0 Conclusions

Passage proportion and survival rates for routes at TDA and BON were informative only for pooled
virtual releases of SR and LCR kelts, because only 58 LCR kelts could be trapped and tagged in the
recurrently flooded tributaries. The B2CC provides a safe alternative route of passage at B2 compared to
the B1 sluiceway passage route at B1, although small sample sizes dictate caution in interpreting survival
differences between the surface flow routes and the adjacent turbines. The 2012 high water year
minimized differences in powerhouse generation and, along with limited route-specific sample sizes,
prevented detection of statistically significant differences in most metrics between the two powerhouses
at BON. However, results suggest that B2 should be the priority powerhouse for several reasons, at least
until more robust statistics show otherwise. First, estimates of B2 FPE were higher than estimates for B1
FPE for all kelts (38.4%), SR kelts (42.1%), and LCR kelts (25.0%). Second, estimates B2CC passage
efficiency relative to B2 were higher than estimates of B1 sluiceway efficiency for all kelts (25.6%) and
SR kelts (32.4%) but not for LCR kelts. Third, the point estimate of B2 passage survival was 7.67%
higher than the estimate for B1 passage survival for all kelts, and for SR kelts it was 15.97% higher for
B2 than it was for B1. Fourth, mean and median point estimates of forebay residence times usually were
longer for kelts passing through B1 than they were for kelts passing through B2. For example, mean and
median differences (B1 minus B2 forebay residence time) were 10.89 h and 2.57 h for all kelts, 7.38 h
and 2.38 h for SR kelts. The difference in medians was 1.06 h for LCR kelts.

Apparent differences in survival of SR and LCR kelts passing through TDA and BON may be the
result of SR kelts having more time in-river than LCR kelts. Longer travel times could eliminate
individuals in poor condition prior to the formation of the virtual releases at the LCR dams. We
recommend repeating the study with the goal of tagging over 400 LCR individuals to produce robust
passage proportion and survival estimates.
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