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Wednesday, December 10, 2014
2014 AFEP Introduction

ADULT SALMON and STEELHEAD STUDIES

Session Introduction

Conversion of radio-tagged adult Chinook salmon and steelhead
through the Federal Columbia River Power System (FCRPS), 2013-
2014

Evaluation of adult salmon and steelhead passage behavior and
success in relation to fishway modifications at Bonneville Dam.
Evaluation of adult salmon and steelhead passage behavior in
relation to fishway modifications at The Dalles and John Day dams,
2013-2014

Steelhead kelt passage distributions and FCRPS survival and return
rates for fish tagged above and at Lower Granite Dam. (Year 3)
Overwintering distribution and behavior of adult steelhead in the
FCRPS,2013-2014

McNary Dam Adult Steelhead Direct Survival Study

Break (15 minutes)

Adult Steelhead and Chinook salmon passage, survival, and
conversion through the lower Snake River. New adult PIT detection
efficiencies.

Passage and Survival of Adult Snake River Sockeye Salmon within
and Upstream from the Federal Columbia River Power System
Migration Timing and Survival of PIT-tagged Adult Salmonids from
the Columbia River Estuary to Bonneville Dam, 2014

BYPASS SYSTEM STUDIES

Session Introduction

Lower Granite Dam Juvenile Fish Collection Channel Prototype
Overflow Weir and Enlarged Orifice Biological Evaluation, 2014.

USACE

USACE
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Lower Granite Dam Juvenile Fish Collection Channel Prototype
Overflow Weir and Enlarged Orifice: An Evaluation of Fish Injury and
Subsequent Survival

Juvenile Bypass System Selectivity at FCRPS Dams
Lunch

AVIAN PREDATION STUDIES

Session Introduction

Status of Caspian tern breeding colonies at both managed and un-
managed sites in the Columbia Basin and at Corps-constructed
islands

Connectivity of managed and un-managed Caspian tern breeding
colonies as revealed by resightings of banded individuals

Caspian tern response to management at Goose Island, Potholes
Reservoir, as indicated using satellite telemetry

Caspian tern predation on juvenile salmonids in the Columbia River
Basin: a synopsis of PIT tag recovery methods, analyses, and results
from 2014

Break (10 minutes)

PASSAGE AND SURVIVAL STUDIES

Session Introduction

Methods and Overview for Compliance Study Assessment of
Juvenile Salmonids at McNary and John Day Dam’s, 2014

Results of 2014 Survival Compliance Studies at McNary and John
Day Dams

2013 Little Goose Summer Juvenile Salmon Dam Passage
Performance Standard Route Survival Diagnostics

JSATS Tag development for juvenile salmon, sturgeon, eel, and
lamprey
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Session Introduction
Pit-Tag reach survival estimates, 2014

Growth of Smolts Between Lower Granite and Bonneville Dams

Detection of PIT-Tagged Juvenile Salmonids Using a Surface Pair-
Trawl in the Columbia River Estuary, 2014

TRANSPORTATION STUDIES

Session Introduction

Determine the Seasonal Effects of Transporting fish from the Snake
River to optimize a Transportation Strategy.

Fall Chinook Transportation Evaluation

Analysis of straying rates and behaviors of Snake and Columbia River
salmon and steelhead

Break (10 minutes)

TURBINE SURVIVAL STUDIES

Session Introduction

Depth Distribution of Migrating Yearling and Subyearling Chinook
Salmon and Juvenile Steelhead In the Snake River

Lunch (1 hour)

LAMPREY STUDIES

Session Introduction

The 2014 adult Pacific lamprey migration: HD-PIT and radiotelemetry
summaries

Using the Juvenile Salmon Acoustic Telemetry (JSATS) system to
evaluate adult Pacific lamprey movements and fate in Columbia River
reservoirs, 2011-2014.

Pacific Lamprey swimming behavior and performance in relation to
passage barrier velocity, distance and turbulence in an experimental
flume, 2014

Development and use of lamprey passage structures at the
Bonneville Dam Lamprey Flume System and John Day Dam North
Fishway Entrance, 2013-2014.

Steve Smith
(NWFSC)
Tiffany Marsh
(NWFSC)
Matthew Morris
(NWFSC)

USACE

Steve Smith
(NWFSC)
Steve Smith
(NWFSC)
Andy Dittman
(NWFSC)

USACE

Daniel Deng
(PNNL)

USACE

Matt Keefer
(un
Chris Noyes
(un

Mark Kirk
(un

Chris Caudill
(un





14:15

14:35

14:45

15:05

15:25

15:45

16:05

16:25

16:45

Thursday, December 11, 2014

Modification and evaluation of lamprey passage structures (LPSs) at
Bonneville Dam and the John Day south fishway collection trap, 2014.

Break (10 minutes)

If you build it they will come: an experimental vertical climbing wall

Use of Network Theory to Evaluate Fish Passage Behavior at
Bonneville Dam

Evaluation of Adult Lamprey Passage Behavior in Relation to
Prototype McNary Dam South Shore Entrance Structure and
Estimating Total Ladder Escapement Through McNary and Ice Harbor
Dams.

Evaluation of Adult Pacific Lamprey Migration Behavior and Passage
Success in Lower Snake River

Assessment of Fluctuating Reservoir Elevations Using Hydraulic
Models and Impacts on Larval Pacific Lamprey Rearing Habitat in the
Bonneville Pool

Evaluation of Larval Pacific Lamprey Rearing in Mainstem Areas of the
Columbia and Snake Rivers Impacted by Dams

Adjourn
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Lower Snake River — New Adult Detection
Efficiencies

Steve Anglea, Quentin Watson, and Brett Turley
Biomark, Inc.

Contract No. W912EF-08-D-006

Chris Pinney
USACE - Walla Walla District

U.S. Army Corps of Engineers
2014 Annual AFEP Review
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Background

Percent conversion target for adult salmonids
required by NOAA Fisheries has not been met
for several stocks since the 2008 FCRPS BiOp
set the standards in 2008 partially due to
potential undercounting and over-counting of
fish at individual dams.
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Objective

r Implement FDX-B PIT-tag detection at The
Dalles, Lower Monumental, and Little Goose
dams adult ladder count stations and Ice
Harbor adult trap.

} Estimate detection efficiency.

+ Enumerate fallback or passage events at each
location.

} Estimate conversion rate.

7 Biﬂmarke-





Methods - PIT Systems

+ Construct & Install PIT Tag Detection systems

o Use of thin wall antennas allows installation without
the need for removing concrete due to
approximately 2-1/8” wall thickness.

o Antenna design allows it to be placed against metal.
o Blomark FS2020 single-channel reader.

Biﬂmarke-





Standard vs. Thin Wall Antenna

7" vs. 2-1/8" wall thickness

| Eiﬂmarke-






The Dalles Dam

e Visit each site to determine
counting window dimensions,
conduit placement, reader
enclosure location, and cable
length.

Eiﬂmarke-






The Dalles Dam

. Test fixtures constructed
to capture irregularities
In walls.

Biﬂmarke





The Dalles Dam

. Antennas secured using
lead-in/lead-out ramps
with countersunk
anchor holes.

B_ion'!arkel





The Dalles Dam

- Ramps welded to antennas
In place resulting In a
smooth transition between
components.

Eiﬂmaﬂte-






The Dalles Dam

B AR > . . Completed installation

. 31” x 88" ID and 35" OD

Biﬂmarke-





Lower Monumental Dam - North
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Lower Monumental Dam - North-Entrance

- 18" x 68" ID
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Lower Monumental Dam - North-Exit

- 18" x 757 ID
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Lower Monumental Dam - South-Entrance

. Two antennas placed in
the entrance of the
south ladder counting
window slot.
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Lower Monumental Dam - South-Entrance

- Modify entrance location to
accept two thin wall antennas
and false floor.

. 18-3/4” x 69” ID

Biﬂmarke






Lower Monumental Dam - South-Entrance

- Integrated antennas into
new wall construction to
maintain channel width.
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Little Goose Dam

. Allow for
movement of
window cleaner
mechanism.

. Secure to crowder.

Biomark®)





Little Goose Dam

- Fiberglass Flume
. TWO antennas
. 18-1/4"x51" ID

- White background for
counting window

. Bull nose to smooth
water flow
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lce Harbor - Adult Trap

Ant a Dim
27, A1,
[ m u
mounting flange)
T
=
e —
e

i
i
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lce Harbor - Adult Trap

. Completed installation - |l L

. Intent Is to monitor tags
detected for target fish
and provide immediate
Information to trap
operators to reduce

handling or delay of (228
non-target fish.
. 27-3/4" x 41-3/4” 1D
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Methods - Data Analyses

1+ Query PTAGIS for detections at:
o The Dalles Dam (TD1 and TD2)
o lce Harbor Dam (IHR)
o Lower Monumental Dam (LMA)
o Little Goose Dam (GOA)
o Lower Granite Dam (GRA)

1 Data parsed by Species and Run Timing
specific to each location.

7 Biﬂmarke-





Methods - Data Analyses

+ Detection Efficiency based on detection

history (e.g., 11, 01, 10) of each tag at each
location.

- USER 4.7.0 Two-weir model used to calculate
detection efficiency
¥ Number of passage events determined for

each unique tag based on 6-hr between
detections.

1+ Conversion rates are proportion of tags

detected at next upstream location for IHR,
LMA, and GOA sites.

|

Biﬂmarke-





Results - Detection Efficiency - TDA

TD1

Detection Efficiency
01 24,688 0.997
02 24,705 0.997
Overall 24,758 1.000

TD2

Detection Efficiency
01 4,102 0.998
02 4,105 0.999
Overall 4,108 1.000
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Results - Detection Efficiency - LMA

South

Detection Efficiency
01 3,439 0.990
02 3,466 0.998
Overall 3,472 1.000

North

Detection Efficiency
01 8,460 0.987
02 9,054 0.998
Overall 9,072 1.000
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Results - Detection Efficiency - GOA

Unique Tags Detection Efficiency

01 11,452 0.997
02 11,442 0.996
Overall 11,478 1.000

Biﬂmarke-





Results - Passage Events

Spring Chinook salmon

Passage
Events

97.2 96.5 95.2 89.1
2 2.7 3.3 4.3 9.5
3 0.0 0.2 0.4 1.3
4 0.0 0.0 0.1 0.2

. Majority of fish passed project in single event.

- Number of multiple events increased moving
upstream.
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Results - Passage Events

Summer Chinook salmon

Passage
Events

93.9 92.1 95.4 88.7
2 5.8 7.2 4.3 8.7
3 0.2 0.5 0.2 1.9
4 0.2 0.1 0.0 0.6

. Majority of fish passed project in single event.
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Results - Passage Events

Sockeye salmon

Passage
Events

88.3 87.8 90.7 65.7
2 10.7 9.5 7.4 26.0
3 0.9 1.8 1.4 4.9
4 0.0 0.9 0.5 3.4

- Majority of fish passed in single event, but lower
than Chinook stocks.

. 26% of the fish had two passage events at GRA.

Biﬂmarke-





Results - Conversion Rates: IHR to LMA

Spring Chinook 2,960 2,961 1.00
Summer Chinook 1,173 1,091 0.93
Fall Chinook 3,876 3,774 0.97
Steelhead 5,147 4,863 0.94
Sockeye 214 222 1.04

- Enumerated unique tag codes, did not follow
specific fish.
. Conversion rate exceeded 93% for all stocks.
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Results - Conversion Rates: LMA to GOA

Spring Chinook 2,961 2,832 0.96
Summer Chinook 1,091 1,123 1.03
Fall Chinook 3,774 3,518 0.93
Steelhead 4,863 3,137 0.65
Sockeye 222 215 0.97

. Conversion rate exceeded 96% for all salmon
stocks.

.- Steelhead conversion lower (Lyons Ferry
Hatchery and Tucannon River).

Biﬂmarke-






Future Activities

. Censor adult fish tagged and released at GRA to
estimate conversion rate from GOA to GRA.

. Complete Fall Chinook salmon and steelhead
queries.

- Provide summary of where and when fish were
detected out of lower Snake River mainstem.

. Inspect detections at Lower Tucannon River (LTR)
array and incorporate into steelhead conversion if
possible.

Biﬂmarke-
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Year 2 Objectives

Do lamprey modifications impede adult salmonids?

Evaluate passage behaviors and metrics of Chinook and Sockeye
salmon at the Bonneville Dam PH2 LFS/LPS, installed 2012-2013

Evaluate entrance use and passage efficiency at the Cascades Island
fishway entrance, modified 2008-2009

e —






PH2 North Downstream Entrance

2013 — Powerhouse 2 (PH2) Lamprey Flume
System (LFS) Entrance Modificatior]

Upper
Lamprey
Entrance

Lower

Lamprey
Entrance





Bonneville Dam Radio-Tagged Salmon and Steelhead

Spring Chinook 328 384
Summer Chinook 272 216
Jack Chinook 300 300
Sockeye Salmon 399 399
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Where did fish first approach the dam?

Where did fish first enter the dam?

SD

)

[el=lNeNeleNelNeolNe]

PH2

-—ad

PH1 N

PH1 S|

SUER
-

|| Spillway Not to scale

J

[eNelelolNeoNeNoNoNeNoNe)

PH1





First event (%)

4
! o) L
20 0 8 o |g g " ( 8 )
\4 n A Q 0 o © \./. o
10 - A o viae ©c m = ol © |3
> g = Y A
2 v Q ° = ¥
0 T T T T T T T T T T T T :- T
50
Approaches 2014 Entrances 2014
40 A
o) |
|
o
30 1 A A
v ; ¢ o v
\ v o
201 4 N ©
[ ] © © ; ° O © : 4
10 F 0 O ! A A ! Q
Q M !
- M . o #
e e e
Q A R S RN X
>
& L LK F & & &











2)

3)

4)

5)

6)

)

Exit Ratio = Ratio of fish exiting to the tailrace to the number that entered
(NDEexits/NDEentrances)

Passage Time = Time between approach at NDE to entry at NDE (NDE,;,5aches —
NDE

entrances)

Extended Passage Time = Percentage of fish that require > 1h between approach at
NDE to entry at NDE

Entrance to Base of Ladder = Passage time from entrance antenna to the antenna
located in the transition pool at the base of the ladder.

PH2 entry locations of successful dam passages (PH2 NDE only). Percentage of last
pool events that were preceded by an entry at NDE.

Percentage of PH2 NDE approaches and entries in relation to SDE. Percent = NDE/
(NDE + SDE)
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NDE Conclusions

Passage metrics within historical range or
Indicated better passage in 2014 for all five

groups
Additional analyses pending





Cascades Island - Background

2008-2009 - Cascades Island Modifications

« Designed to reduce maintenance and improve entry rates for
lamprey and salmonids

 Analyses in progress
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Jack Spring
Metric Adult Spring Chinook Chinook

Pre-Mod. Range 2009 2010 2013 2014 2013 2014
1) Entrance Efficiency 0.56-0.98 059 089 0.67 068 074 0.50
2) Exit ratio 0-0.46 0 0.04 0.13 0.02 0.06 0.25
3) Approach - Entry time (min) 1-46 59 42 21 41 12 81
4) Entry - Ladder base time (min) 7-16 13 14 11 8 17 31
5) Approach - Entry > 1 h (%) 12 - 45 48 36 19 42 24 50

6) Entry - Ladder base time > 1 h (%) 0-14 7 1 4 2 0 0






Jack Summer
Metric Adult Summer Chinook | Chinook Sockeye

1) Entrance Efficiency
2) Exit ratio

3) Approach - Entry time
(min)

4) Entry - Ladder base time
(min)

5) Approach - Entry > 1 h (%)

Pre-Mod.
Range 2009 2010 2013

2014

2014 2013 2014 2013

0.72-089 0./0 0.71 0.47 058 0.7/ 067 061 0.65

0.35-0.77 063 0.26 0.20 0.29 ‘0.13 0.14 0.21 0.27

6-12 16 1 27 15 22 56 12 13
12-21 17 20 10 9 11 11 6 4
7-12 17 9 27 g3 25 50 17 22






Cascades Island Conclusions

Spring Chinook salmon:
— Adults within historical range

— Low entrance efficiency and long passage times
for spring jacks

Summer Chinook salmon:
— Metrics mixed for adults and jacks

Sockeye metrics similar between years
Additional analyses pending
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Cl Conclusions

Overall, adult spring Chinook salmon post modification year metrics
were within the range of pre-modification values

Adult summer Chinook salmon entrance efficiencies were lower In
2013 and 2014 but within in the pre-modification range in 2009 and
2010.

Adult summer Chinook exit ratios were lower than or within the
pre-modification year range

Adult summer Chinook approach-entry times and % > 1 hr. were
slightly higher than post modification years

Adult summer Chinook entry-base of ladder and % > 1hr were
lower than or within the pre-modification year range





NDE Conclusions

Spring Chinook entrance efficiencies at NDE were similar to 2013
and overall within range of pre LFS years

Jack spring Chinook entrance efficiencies at NDE were lower in 2014
compared to 2013 but similar declines in entrance efficiency were
observed at SDE

A similar pattern in entrance efficiency at SDE supports negligible
effects of LFS on spring Chinook salmon.

High entrance efficiencies for summer Chinook (including jacks) and
sockeye but historically high.

Chinook jacks and sockeye entered the fastest and had fewer > 1 hr.
passage events

Spring and summer Chinook entry times, including the proportion
with extended passage times was comparable to pre LFS years.
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Snake River sockeye salmon






Objectives

1. 2008 2013 PIT-tag detection efficiency: Bonneville to
the Sawtooth Valley

2. Annual conversion rates for each reach

3. Annual migration characteristics:
a. Migration timing
b. Travel times
c. Fallback

4. Correlate migration fate with juvenile history, migration
characteristics, and environmental conditions

5. ldentify trigger mechanisms for initiating transport of
adult sockeye salmon from Lower Granite Dam to the
Sawtooth Valley —






Objective 1

+ Detection efficiencies from 2008-2014
> Bonneville Dam
> McNary Dam
> lce Harbor Dam
> Lower Granite Dam

Photo: Michel Larinier

Environmental issues, dams ad fish migration
http://www.fao.org/docrep/004/y2785e/y2785e03.htm






Detection efficiencies of socke

PIT-tagged in the Sawtooth Basin
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Objective 2

+ Conversion rates 2008-2014
> Bonneville to McNary
- McNary to Ice Harbor
> |lce Harbor to Lower Granite
- Lower Granite to Sawtooth Valley
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Conversion rates in FECRI
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Objective 3: Migration timing

+ Migration timing within the FCRPS 2008-
2014

+ Travel times

+ Fallback
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Percent Fallback
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Fallbacks vs
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Factors affecting fallback
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Factors affecting fallback
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Objective 4

+ Factors affecting reach survival/detection
o Environmental factors
o Migration characteristics
o Juvenile history

.





Factors affecting survival
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Factors affecting survival
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Factors affecting survival
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Factors affecting survival
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Survival

from Ice Harbor to the Sawtooth vs
temperature (at lce Harbor Dam)
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Objective 5

+ Adult transportation scenarios

.





Adult transportation scenarios

+ Adults collected at BO, IH, or LG

+ On any day that exceeds a scenario-defined
threshold (e.g., temperature or date)

+ 20% of fish passing on that day transported
+ Transported fish had 80% survival

+ Result: proportional change in spawners
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Cumulative Run Survival
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Summary

+ Hydrosystem survival

> Most mortality in BO to MN reach
i Catch + Temp + Flow
i Snake River sockeye survival lower than UC sockeye

- 2013 high temperatures in Snake River

+ Lower Granite to Sawtooth
- Sensitive to environmental factors, e.g. temp @ IH

+ Transportation
- Most benefit in 2013, ~15-30%
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Outline

e The Dalles Dam
e Ladder use
e Side switching
e Travel time
e Entrance efficiency

e John Day Dam

 Travel time
e Entrance efficiency





Are fish avoiding the North
ladder?

If so, Is this related to spill,
fish size, etc.?






Fork Length Distribution
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Probability of Using the North Shore/Ladder
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Side Switching

44
60 20
361
356 79
283
224
B Adult Chinook Numbers: Fish detected at both
Jack Chinook downstream receivers and

B Sockeye entrances.
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John Day Dam — North Entrance Modifications






JD-North passage time: first approach to first entry
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Summary

 The Dalles Dam

* Most Chinook use the Oregon shore of the river when
approaching

e Spill

 reduces usage of the North fishway

* Increases side switching from Washington shore
 Fish size had no effect in 2014

« Approaching the North does not cause significant delays;
passage times unchanged since spill wall installed

 John Day Dam

 Similarly to 2013, entrance efficiency and entrance time
have improved since pre-modification years





Probabllity of Using the North Shore/Ladder - 2013

Chinook Ch.Jacks Sockeye

F1 Length (cm) +5% - +6%
Date (d) +13% +3% -T%
Temperature (°C) -42% - +162%
Spill (kcfs) - - -
Flow (kcfs) +2% - +3% Al frmr Coclayke
Dis. Gas (mmHg) - - - wl = o
Al Length +4% - +21%
Date - - - 5
Temperature - - - %o
Spill -2% -6% -8% )
Flow - - i
Dis. Gas - - -
E1l Length +4% - +21%
Date - - -
Temperature +20% - -
Spill - - -
Flow - - -4%

Dis. Gas - -T% -






P(switching sides)

P(switching sides)

Probability of Switching Sides Between F1 and E1 - 2013

Chinook
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Chinook jack

Chinook jack

sockeye

sockeye

F1in Washington Length

F1in Oregon

Date

Dis. Gas
Temperature
Spill

Flow

Length

Date

Dis. Gas
Temperature
Spill

Flow

Chinook  Ch.lJacks  Sockeye
(55) (34) (160)
- - -39%
- - +7%

- +8% -
Chinook  Ch.lJacks  Sockeye
(296) (142) (144)

+3% - -
- -6% -12%
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Factors affecting route
selection and survival of
steelhead kelts at Little Goose
Dam in 2012 and 2013
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Background Pacific Nofifie==

Proudly Operated by Battelle Since 1965

» RPA 33 of 2008 FCRPS BiOp requires measures to increase the
iteroparity rates of STH, with particular emphasis on B-run

» 2012 and 2013 juvenile salmon dam passage survival studies
conducted at LGS and LMN

» Also wired LGR with cabled JSATS system

» Implanted 811 STH kelts with JISATS and PIT tags at tributary weirs
and LGR JBS

B Only “good” and “fair” condition fish tagged

- '
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Background

Pacific Northwest

NATIONAL LABORATORY
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Background Pacific Nofifie==

Proudly Operated by Battelle Since 1965

» Passage route proportions and survival estimated at LGR, LGS, and
LMN in 2012 and 2013

2012 2013
Traditional ~ Spillway . Traditional ~ Spillway .
Dam Measure n Spill Weir Turbine JBS Unknown n Spill Weir Turbine JBS Unknown
nggggteage 124 25.8% 573%  65%  5.6% 48% | 144  125% 799%  14%  4.9% 1.4%
LGR g\ rvival 0.906 0901 0875  0.857 ) 0.706 0667  1.000  0.333
(SE) (0.052) (0.035)  (0.117) (0.132) (0.111)  (0.046)  (0.000) (0.193)
E:f(‘:’:gteage 288 24.7% 60.8%  45%  10.1%  00% | 365  15.6% 71.0%  52%  6.8% 1.4%
LGS survival 0.943 0967 0779  0.966 B 0.821 0937 0842  0.880
(SE) (0.028) (0.014)  (0.119) (0.034) (0.051)  (0.015)  (0.084) (0.065)
ngg:gteage 258 20.5% 68.0%  4.6%  6.9% 00% | 204  16.0% 711%  6.8%  5.4% 0.7%
LMN - e 0.926 0983 0583  1.000 B 0.826 0927 0842  0.938
(SE) (0.036) (0.010)  (0.142)  (0.000) (0.056)  (0.018)  (0.084) (0.061)

B Most kelts passed via spillway weir and traditional (deep) spill routes

B A higher percentage passed via spillway weirs in 2013 compared to 2012
B LGR had the lowest percentage through the JBS of the 3 dams

B Survival was generally highest through spillway weirs and lower in 2013

December 18, 2014 6





Objective Pacific Northiiei

Proudly Operated by Battelle Since 1965

» |dentify the factors that affected forebay residence time, route of
passage, and survival of STH kelts at LGR, LGS, and LMN in 2012
and 2013

December 18, 2014
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Variables: Passage route (n = 678) Pacific Nofifie==
» Individual » Environmental
B Fork length B FB water temperature at 1.5 m, 15 m,
B Condition (good/fair) and 30 m
B Relative condition B FB water temperature ratio (1.5 m/ 30
m)
» Behavioral " FBTDGY%
B Median depth in FB ® Total discharge
B Cross-sectional approach _
B Near-dam searching B % of total discharge through each route
B Total “Y” distance traveled u % spill
B Forebay residence time B Spillway weir crest position (high/low)
» Temporal

B Ordinal day of dam passage
B Diel passage (day/night)
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Variables: Survival (n Pacific HofEias
» Individual » Environmental
B Fork length B Tailrace water temperature
B Condition (good/fair) B TRTDG%
B Relative condition B Total discharge
» Behavioral » Operational
B Tailrace egress time B % of total discharge through each route
B % spill
» Temporal B Spillway weir crest position (high/low)

B Ordinal day of dam passage
B Diel passage (day/night)

December 18, 2014 9





7

Methods Pacific Northwest

Proudly Operated by Battelle Since 1965

» Transformations (FB residence time, TR egress time, total “Y”
distance traveled)

» Relationship between each variable and passage route and survival
evaluated for strength, direction using logistic regression

B Passage route: probability of passing through a particular route vs. all
other routes

® Spillway weir, traditional (deep) spill, JBS, turbines

B Survival: probability of surviving to and being detected by array located 33
km downstream (p = 0.95) or any other downstream array

® Overall survival (all routes), spillway weir survival
» Correlated variables (a = 0.10) retained for inclusion in multivariable
logistic regression model

» Bayesian model averaging used to identify the models that “best”
explained route selection and survival
» Pairwise correlations assessed for multicollinearity
B Model re-run if necessary

December 18, 2014 10





7

Passage routes: Spillway weir Pacific HofEias

Proudly Operated by Battelle Since 1965

» “Best” 2 models
B Kelts that migrated shallower were more likely to pass via the weir
B Kelts that did more near-dam searching were more likely to pass via the weir

B Kelts that passed LGS when the % discharge through spill bay 5 was high
were less likely to pass via the weir

B Kelts in good condition were more likely to pass via the weir than fair
condition kelts

Variable Probabilty

Median depth!? 1.00 +
Near-dam searching!? 1.00 +
S5% Q1 0.63 —
Condition? 0.48 Good > Fair
Model 1 Posterior probability 0.16

Model 2 Posterior probability 0.16

11





7

Passage routes: Deep spill Pacific HofEias

Proudly Operated by Battelle Since 1965

» “Best” model
B Kelts approaching on spillway-side of river more likely to pass via deep
spill
B Kelts that did less travelling back-and-forth across the FB were more
likely to pass via deep spill
B Kelts that passed LGS when the % discharge through spillbay 2 was high
were more likely to pass via deep spill

Approach location 1.00 +
“Y” distance 1.00 -
S2%Q 0.40 -

Model Posterior probability 0.21

December 18, 2014 12
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Passage routes: JBS Pacific Notthe =

Proudly Operated by Battelle Since 1965

> “Best” model

B Kelts approaching on PH-side of river more likely to pass via the JBS

B Kelts that did less near-dam searching were more likely to pass via the
JBS

B Kelts migrating at greater depths were more likely to pass via the JBS

Approach location 1.00 -
Near-dam searching 1.00 -
Median depth 1.00 -
Model Posterior probability 0.33

December 18, 2014 13
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Passage routes: Turbines Pacific Northiiei

Proudly Operated by Battelle Since 1965

» “Best” model
B Kelts migrating at greater depths were more likely to pass via turbines
B Kelts approaching on PH-side of river more likely to pass via turbines

B Kelts that did less near-dam searching were more likely to pass via
turbines

Variable Probabilty

Median depth 1.00 -
Approach location 1.00 -
Near-dam searching 0.89 -
Model Posterior probability 0.73

December 18, 2014 14
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Survival: All routes (n = 676) Pacific ol aA T

Proudly Operated by Battelle Since 1965

> “Best” 2 models

B Kelts in good condition were more likely to survive than those in fair
condition

B Kelts that passed LGS when the % of discharge through turbine unit 4
was high were more likely to survive

B Kelts that passed LGS when discharge was high were more likely to

survive

Condition!?2 1.00 Good > Fair
T4 % Q* 0.60 +
Discharge (Q)? 0.50 +
Model 1 Posterior probability 0.37

Model 2 Posterior probability 0.25

December 18, 2014 15
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Survival: Spillway weir (n = 443) Pacific HofEias

Proudly Operated by Battelle Since 1965

» “Best” 3 models

B Kelts that passed via the weir when the % of discharge through turbine
unit 2 was high were less likely to survive

B Smaller kelts were more likely to survive than larger kelts

B Kelts in good condition were more likely to survive than those in fair
condition

T2 % Q123 0.76 -

FL13 0.46 -
Condition?3 0.44 Good > Fair
Model 1 Posterior probability 0.10

Model 2 Posterior probability 0.09

Model 3 Posterior probability 0.09

December 18, 2014 16
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Survival: All other routes Pacific Northwest

Proudly Operated by Battelle Since 1965

» Too few kelts passed or died during passage through the other routes
to assess variable effects on route-specific survival

B Deep spill: n =129
B JBS:n=54
B Turbines: n =33

December 18, 2014 17
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Conclusions: Passage routes Pacific Nofifie==

Proudly Operated by Battelle Since 1965

» Kelt behavior influenced route of passage more than individual
characteristics, environmental conditions, or dam operations
B Depth influences passage route
® Deeper-migrating kelts more likely to pass via powerhouse routes
® Shallower-migrating kelts more likely to pass via spillway weir
B Side of the river in which kelts approached the dam influenced passage
route
® Kelts approaching on the spillway side more likely to pass via deep spill
® Kelts approaching on the PH side more likely to pass via PH routes
B “Searching” activity affects passage route
® Kelts that did more searching along the dam face more likely to pass via
spillway weir
® Kelts that did less searching more likely to pass via deep spill and PH routes
» Operational influences less apparent

B A greater % of discharge through deep spill routes may result in more kelt
using those routes and fewer using the weir

December 18, 2014 18
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Conclusions: Survival Pacific Northwest

Proudly Operated by Battelle Since 1965

» Individual characteristics, and operational and environmental
conditions affected survival

B Condition (good/fair) had the greatest effect on overall survival (all routes)
and spillway weir survival
® Good condition kelts were more likely to survive
B Some evidence that smaller kelts had a higher probability of surviving
spillway weir passage than larger kelts
B Dam operations may have also influenced survival
® Relatively large uncertainty associated with these models

December 18, 2014 19
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Update on Returning Fish Pacific Nofifie==

Proudly Operated by Battelle Since 1965

» 2012 cohort: 4 of 324 (1.2%) returned to LGR
B 3females and 1 male

» 2013 cohort: 1 of 487 (0.2%) returned to BON
B Female

» Lower than pre-dam repeat spawning rates (2%; Long and Griffin
1937)

» All fish:

B Displayed a skip spawning life history strategy
® Spent ~ 1 year in ocean before returning

B Were in good condition at the time of tagging

B Had an intact adipose fin

December 18, 2014 20
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Management implications Pacific HofEias

Proudly Operated by Battelle Since 1965

» Relatively little can be done with operations to influence passage
route selection (under the conditions studied)

B Implications for collecting kelts for reconditioning
» Fair condition and larger kelts had a lower probability of survival
B Implications for which kelts should be retained for reconditioning

» Reconditioning may be the best option for increasing iteroparity,
particularly for larger B-run steelhead

B Expand collection to tributary weirs and LGS JBS

B An evaluation of post-reconditioning is needed
® Fecundity, migration to spawning grounds, successful spawning

December 18, 2014 21
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Background
 Adult conversion rates below BiOp targets
— Snake River spring-summer Chinook
— Snake River steelhead
— Snake River sockeye

« Uncertainty about where ‘loss’ occurs

» Radiotelemetry can help identify locations and
orovides a wealth of behavioral data






BON-McN or BON- LGr adult

conversion (PIT-tagged fish)

2014
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BiOp data
with 2008
averages
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Presentation objectives

* Mixed-stock adult conversion rate estimates
— Chinook, sockeye, steelhead

— BON = TDD - JDD - MCN E

- T e e ——

 Distribution / Estimated fate
of ‘unsuccessful’ fish

o Temperature effects

 Fallback effects

Chinook Prespawn
Mortality Review






Methods: fish collection

Bonneville adult fish facility (AFF)
— Adult Chinook (Sp-Su), sockeye, steelhead
—Jack Chinook (Sp-Su) ;|

ntra-gastric radio-tagging
-D-PIT as secondary tag

Unselective sampling

— Except previously PIT-tagged fish were excluded

— Constraint confounds results somewhat: samples
not fully representative






Methods: Monitoring / Study area

® Antenna site(s) \  WAN

wr‘v"\_.

LGR
LMN LGO

Tailraces, fishways, ladders at 9 dams
Lower Columbia reservoir sites
Most major tributaries

Transmitter return: reward program





Methods: Conversion estimates

e Reach conversion estimates: Program MARK
— aka: ‘reach escapement’ or ‘survival’ estimates

— Radio + PIT detection histories Unknown
origin:

f, T, 1, Conversion Cannot ID
BON =—> TDD —> JDD —> MCN strays

Tributary turnoff

AT

 Fates of ‘unsuccessful’ fish (did not pass McN)
— Identify final detection, harvest locations

Harvest reported to us +
Unaccounted for loss






Sockeye sample summary

Sockeye count
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Adult Chinook sample summary
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Jack Chinook sample summary

Jack Chinook count
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2013 Steelhead sample summary
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Sockeye conversions

Conversion A: (n - Trib — Harvest — Unaccount) / n

Conversion rate (95% ci)

Conversion D: (n - Unaccount) / n

Censored: Tributary turnoff, harvest
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‘Unsuccessful’ sockeye fates (2014)

n =51 that passed Bonneville
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Reported harvest: 6%

Unaccounted for: 94%






Adult Chinook conversion

Conversion A: (n - Trib — Harvest — Unaccount) / n

Conversion rate (95% ci)

Conversion D: (n - Unaccount) / n

Censored: Tributary turnoff, harvest

10 e e e ety
0.9 - T %iii .......................................................
08 N 0.728 .................
% 0.692

07 A R + ...............

@ 2013 Chinook adult (577)

@® 2014 Chinook adult (583)
0.6 T T T T

> & Y 5
Reach

Conversion rate (95% ci)

10 ey
RO F3 S .
0.828 '
08 e %% ...............
07 e et e et
@ 2013 Chinook adult (577)
@® 2014 Chinook adult (583)
06 T T T T
> s O S
Q A N QL






‘Unsuccessful’ CK adult fates (‘14)
n = 185 that passed Bonneville
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Jack Chinook conversion

Conversion A: (n - Trib — Harvest — Unaccount) / n
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‘Unsuccessful’ CK jack fates (2014)
n = 59 that passed Bonneville
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Adult steelhead conversion

Conversion A: (n - Trib — Harvest — Unaccount) / n

Conversion rate (95% ci)
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‘Unsuccessful’ steelhead fates (‘13)
n = 200 that passed Bonneville
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Reported harvest: 16%

Tributary: 37%

Unaccounted for: 48%






Bonneville-McNary conversions
Run | Year | ConversionA| ConversionD _

Sockeye 2013 0.858 0.883
2014 0.868 0.875
Chinook (A) 2013 0.728 0.828
2014 0.692 0.825
Chinook (J) 2013 0.887 0.966
2014 0.814 0.904
Steelhead 2013 0.743 0.863
2014 pending pending

Conversion A: (n - Trib — Harvest — Unaccount) / n /

Conversion D: (n - Unaccount) / n






Temperature effect: sockeye 2014

 BON-MCN logistic
regression model
— chisg= 3.3
—P=0.071
—n =353

Conversion probability

Conversion ‘D’
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Temperature effect: Chinook (A) 2014

e BON-MCN logistic | conversion b
regression model
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Fallback effect on conversion: 2014

Conversion ‘D’

Run | Site | NoFalback | Fallback

Sockeye BON  0.869 (350) 0.875(16) +0.006
Any!  0.865 (327) 0.897 (39) +0.032
Chinook (A)  BON  0.825 (445) 0.680 (25) -0.145
Anyl  0.824 (437) 0.727(33) - 0.097
Chinook (J) BON  0.904 (240) 0.917 (12) +0.013
Any!  0.904 (230) 0.909 (22) +0.005

1 Bonneville, The Dalles, or John Day






Conclusions < 7

 Direct comparison of RT and PIT conversion
estimates not recommendec

— PIT-based ‘standards’ = unambiguous up-river fish
— RT = unknown mix of up-river and lower river fish

e 2014 estimates preliminary
— Additional transmitter returns from fisheries

e Conversion rates varied among runs
— Adult Chinook < Steelhead < Sockeye < Jack Chinook






Conclusions
Largest unaccounted losses in Bonneville
reservoir, consistent with past results
Fallback = Lower conversion (adult Chinook)
Temperature effects (sockeye, adult Chinook)
Many more detalls available. . . .

Technical Report 2014-12

2-Year Final Report: summer 2015

REACH CONVERSION RATES OF RADIO-TAGGED CHINOOK AND
SOCKEYE SALMON IN THE LOWER COLUMBIA RIVER, 2013

A Report for Study Code ADS-P-13-2






Prespawn mortality: preview

e PSM is a regionally important Chinook issue

o Corps-funded: joint Ul / NOAA project
— Work horses: Tracy Bowerman, Lisa Crozier
e Objectives
— Methods review
— Existing PSM rate compilation
— Environmental effects
— Demographic effects
— Energetic costs of migration
through Hydrosystem






PSM snapshot

* Methods survey complete: West Coast
o 450 site years of PSM data in Columbia basin
e 8 agencies, 3 ESUs
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Stay tuned: More to come. . ..
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Background

 Steelhead partially winter throughout FCRPS
— Cued by water temperature / photoperiod
— Snake River fish have particularly diverse behaviors

Klickitat Yakim
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Background

e 1996-2003 studies suggest that many (10,000s)
steelhead overwinter in FCRPS in most years

— Annual estimates: 7-20% of ‘successful’ migrants

North American Joumal of Fisheries Management 28:81-%06, 2008 [An iCIE]
2 Copyright by the American Fisheries Society 2008
DO 1005770740111

Overwintering Distribution, Behavior, and Survival of
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Columbia River Populations
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Background

 Late migrants are far more likely to overwinter
— Many nominal ‘B-group’ Snake River fish

— Motivation for current study: BiIOp RPAs to increase
‘B-group’ survival, productivity + kelt survival
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Background

 Late-run information needed:
— Overwintering abundance and distribution
— Fallback frequency & timing

— Fallback routes

 Limited surface-flow passage options = mortality risks for
both prespawn steelhead and post-spawn kelts






Presentation objectives

 Estimate FCRPS steelhead overwintering rate
o Summarize fish distribution through time

o |dentify fallback sites, timing, routes
— 315 day tags: ‘B-run’ kelt behavior & survival

| Colotelo et al. (2013, PNNL kelt survival stud
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Methods

e Radio- & PIT-tagging at Bonneville Dam
— 789 adult steelhead tagged, released downstream
— Sample weighted for late migrants, but. . . .
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Methods

e 799 tagged in 2014 (year 2 of 2-year study)
— Still in-river, results in 2015
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Methods

« Radiotelemetry monitoring array

® Antenna site(s) \  WAN

Tallraces, fishways, ladders at 9 dams

PIT-tag monitoring
Lower Columbia reservoir sites system primarily
used for fate assignment

Most major tributaries

Transmitter return: reward program





Methods

e Defining
overwintering:
— Dam passage
— Tributary entry /
FCRPS exit

e > 1 January
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e 183 fish (23.2%) met overwintering criteria

Results: % overwintering

Steelhead count at Bonneville Dam
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Results: % overwintering

 Logistic regression: strong seasonal effect
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Results: composition

‘Successful’ 2013-2014 overwintering fish
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Results: winter
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Results: fallback — 506 events

n=17 19 8 65 52 24 9 17 56
[ : | | ~37 | -
Spill routes ., 3 . . Spill
LGr (65)| Available (39) : . No spill routes
. | °e ~179 I mostly
LGo (58) ~ gl Available
ce |"e | °| ° « P S (~251)
LM (55) % o . *
° . o ’. ° ° Rs°
IH (47) * L °e o° * ce e
e 9 e ° ® °
MN (49) . '..LS‘ ’ :o *leo sed® o ® ;Oo
c .: ~ I o So ° .co
JD (57) 1—>—= e .
%, © L XS XN
of L4 (154
TD (112) . »‘zL" R . ol
° .:s e o 3 .0 O g
BO (53) e o »
1Ju 1Aug 1Sep 10Oct 1Nov 1Dec 1Jan 1Feb 1Mar 1Apr 1May
® Prespawn (271)
e Keltlikely (194)
o Uncertain (41)






Results:
fallback
timing
estimates
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Results:
forebay
residency
by fish
that fell
back
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Results: estimated fallback routes

Fallback events during forebay monitoring period

Dam | n | Possible Possible Likely Likely | No record | ‘Survived’ to
Spillway PH/lock  Ice/Trash | Ladder tricutary
TD 19

5% 47% x Xx x |21% x 5% 21%  x 68%
JD 10 |[10% 60% Xx X - - 3O%X X 50%
MN 21 |133% , 3% x 5% 10%)); 14% X 1%

 Qverall survival of FCRPS wintering fish: ~93%
— Almost no harvest reported

e 1996-1997, 2000-2003 estimate: ~82%
— Less extensive PIT system, more ‘A-run’_____._ cremygprirre





Results: 52 Snake R. kelts fell back
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Results: SNR kelt survival

Survival (%)
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Results: SNR kelt fallback timing
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Conclusions

« QOverwintering similar to previous studies
— 8-12% of ‘early’ run
— 27-33% of ‘late’ run

o Majority of winter sample was Clearwater fish
— Salmon, John Day, ‘Snake’ (unassigned)

e Overwintering fish had high survival (>90%)
— Almost no winter harvest
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Conclusions

« Qverwintering most common in LGr, LGo pools

« Many fallback events
— Esp. at The Dalles, McNary during no-spill
— Some evidence for extended forebay residency
— Some evidence for fallback-related mortality

e Almost 200 kelt fallbacks
In April-May
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Conclusions

e Snake River kelts
— ~10-20% survival to Bonneville
— 1-3 week travel time for survivors
— Clearwater kelt survival < other Snake R. fish

e Qverall, high attrition in lower Snake River
— >50% did not reach Ice Harbor






<O 7" Looking forward

 Additional monitoring winter 2014-2015
— Earlier start, better coverage at lower Col dams
— Additional sites at lower Snake dams
— Spill experiment at McNary

 Final Report: Summer 2015

Questions?
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Columbia River Estuary and PD7
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Site Configuration and Fish Avoidance
Behavior, 2012
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Flexible Antenna Design and Implementation

| Flexi- | mEER Ty

antenna Flexible vs. Rigid Antennas
on test J Similar performance
frame ¢ + Easily adapt the antenna to the environment

1« Less likely to develop housing fractures

J’_ « Easier and less expensive to build
“  Easier to install and malntam

Y | — Flexi- antenna
— P k= _;—j mounted

Flexi-antenna
.~ mounted
~ perpendicular
to flow

— parallel to flow
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Objectives 2014

Expand coverage along the dike and improve detection
efficiency of PIT-tagged adult salmonids

Document migration timing to the estuary of all adult
salmonid species and run-types

Document travel time PD7 to Bonneville Dam each run
Estimate survival PD7 to Bonneville Dam for each run

Evaluate PIT-tag juvenile salmonid detection efficiency
and composition compared to trawl samples in thalweg

Document presence and residence of white sturgeon
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PD7 Antenna Orientations and Placement 2014
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coil Efficiencies

Antenna Number
and Placement

Coil Number
Salmonids 01 02 03 04 05 06 07 08 09 Total
All adults 107 4 3 2 3 28 0 6 10 163
All Jacks 21 0 0 0 1 4 2 7 1 36

Percent total 64.3 2.0 1.5 1.0 2.0 16.1 1.0 6.5 55 199

All juveniles 40
Percent total 175
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Adults and Ja@:
204" "omp T 2013

PD7 (N)  Bon (N) PD7 (N)

Species/Run

Species/Run

Bon (N)

Spring Chinook 13 4645 09 | Spring Chinook 96 4,630 2.1

Summer Chinook - 2113 » Summer Chinook - 3673 28
Fall Chinook 5 6,311 09 | Fall Chinook 106 8.860 1.2
Unk Chinook 6 1.280 0.5 Unk Chinook

Coho 12 3316 04 !COhO 3 694 04
Steelhead 36 7662 05 Steelhead 53 5.789 09

Sockeye 13 650 9 Sockeye

o

12 384 3.1

Total - Total

199 25,977 0.8

374 24,030 1.6
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Travel Time PD7 to Bonneville Dam, 2014
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Weekly Mean Survival Spring Chinook
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Source of juvenile salmonids
detected at PD7, 2014
N =228

Juvenile’'Salmonids

|

Source of juvenile salmonids

detected in the estuary trawl, 2014
N =15,904

Snake River
29%, n =65

Upper Columbia
19%, n=2,978

Snake River

Columbia > Unknown, Middle
45%, n = Lower 0 = :
) 7%, n=15 Columbia
103 Columbia, N 13%. n = 2.041
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1%, n =249
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2%, n=273
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Direct Injury and Survival of Adult Steelhead
Passing Over a Spillway Weir and Through a
Turbine at McNary Dam
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Background

1. Thousands of adult salmon may pass
downstream through hydropower dams
annually

2. Downstream migration and fallback of adult
steelhead raises powerhouse passage concern

3. Temporary Spillway Weirs (TSWs) have been
installed at MCN to benefit juvenile salmonids
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Background

4. An increasing proportion of adult steelhead
have been observed passing through the TSW

5. Juvenile salmonids HI-Z tag direct survival
estimates through spill and bypass systems have
been higher (median 98.6% for 222 tests) than
those for turbine (median 95.9% for 167 tests)

6. Generalized assumption that these high direct
survival estimates could be applicable to adult
salmonids have not been verified
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OBJECTIVES

The objectives for the TSW and turbine investigation
were to:

1. Estimate direct survival/injury of adult hatchery
steelhead passing over a TSW and through a turbine
within £ £ 5%, 95% of the time

2. Compare whether the survival of adult steelhead in
passage through the two routes is significantly
different (P=0.05)

3. Additionally, assess types and potential causes of
observed injuries
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Experimental Conditions

Technique - All fish tagged with HI-Z tags
Fish source - Round Butte Fish Hatchery
Specimens - Adult steelhead
Fish length (TL)
* Treatments ranged from 495 to 740, average 591 mm

e Control ranged from 530 to 730, average 588 mm
Sample size

e TSW - 88
 Turbine-130
 Control-16
Water temperature - 3.6 to 7.2°C
Hydraulic info
e TSW - approximately 11.0 kcfs
* Turbine - approximately 14.5 kcfs and 75 MW
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METHODS
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Fish and Tagging

1. Adult steelhead from Round Butte Hatchery

(ODFW) were tagged with the HI-Z Tag method
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Fish Releases

1. ~ 6 ft above the crest of the TSW weir, near
the location where most naturally emigrating
adult steelhead are expected to pass

e ~10 kcfs mean discharge

2. Fish released into bulkhead gate slot A ~ 6 ft
below the intake ceiling to direct fish where
most naturally entrained adult steelhead are
expected to pass

e ~14 kcfs mean discharge
‘2 NORMANDEAU ASSOCIATES
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Fish Releases

1. 130 fish released through Turbine Unit 12 and 88
released through the TSW in Spillbay 20

‘l:.‘!‘

:“‘

Induction System Turbine
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Release Location:

Flexible & in release hose

/S Slot

! D& Slot
Steel suppott pipe

Operation dwing testing
E1.339.0 E1 340.0
E1.335.0

End of pipe E1 3320, TSWL eaf Assembly

15° bend

TSW Crest E1 3255

TEW Crest Assembly
E1.313.49

TSW Summort Frame

Spillway Gate Lower Leaf Spillbay Crest (Origis)

e

Spillway Crest E1. 201 .0

L\
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Release Location:

creen removed

below ceiling
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Fish Recapture






Analysis

1. Estimate survival and MF rates for turbine and
TSW passed fish

2. Passage survival probabilities for turbine and TSW
were estimated relative to the control using the
likelihood model given in Mathur et al. (1996)

3. Alikelihood ratio test was used to determine
whether recapture probabilities were similar for

live (P,) and dead (P,) fish
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Analysis

4. The statistic tested the null hypothesis of the
simplified model (H_:P,=P,) versus the alternative
of the generalized model (H, :P_#P,)

5. The outcome of this test indicated that a
simplified model (H_:P_,=P,) can be used for
estimating survival and malady-free rates and
their associated standard errors
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RESULTS
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Overall Results

TSW Turbine Control
Released 88 130 16
Recapture Rate 96.6% 95.4% 93.8%
Recaptured Alive 85 (0.966) 117 (0.900) 15 (0.938)
Recaptured dead 0 (0.000) 7 (0.054) 0 (0.000)
Assigned Dead 2 (0.023) 5 (0.038) 0 (0.000)
Undetermined 1 (0.011) 1 (0.008) 1 (0.063)
48h Survival 85 97.7% 117 90.7%
SE 1.6% 2.6%
95% Cl () 3.2% 5.1%

* Proportions are given in parentheses

e 1 and 48 h survival estimates were identical

 TSW survival 97.7%, Turbine 90.7%

* Significantly different P<0.05
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Injuries

Release Passage related MF Severity
Site Released Examined maladies Estimate 95% ClI Major Minor
TSW 88 85 2 (0.024) 97.7% 3.2% 1 1
Turbine 130 124 9 (0.073) 92.7% 4.6% 8 1
Control 16 15 0 (0.000) 0 0

* Two TSW passed with injuries, 1 major and 1 minor
* Nine turbine passed with injuries, 8 major and 1 minor

 Malady Free rate 97.7 and 92.7% for TSW and Turbine respectively,
not significantly different P>0.05
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Primary Injury Types

TSW

One fish had bruising in caudal area other fish had
damaged gills

Turbine

Six fish were severed or decapitated, two damaged
gills, and one stressed (LOE)
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Size/Survival
Observation

Survival (%)

Frequency distribution
of percentage alive (48
AN B E BB NENENMNB hversuslength (25

it Ll M M groups) of adult
steelhead passed
through Spillbay 20
TSW (top figure) and
Turbine Unit 12
(bottom figure) at
McNary Dam, March
2014. Sample size at
top of each bar for
each fish size group.
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DISCUSSION
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Discussion

1. Survival estimate (1 and 48 h) of TSW and
Turbine passed fish were 97.7 and 90.7%,
respectively

2. MF estimates were 97.7 and 92.7% for the TSW
and Turbine passed fish, respectively

3. Desired precision (€) < £ 0.05; 95% of the time
was met for all survival estimates
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Discussion

4. TSW survival was significantly higher than
turbine survival; malady rates were not
significantly different

5. Qualitative evidence that mortality of turbine
passed fish was size related

6. Injuries to turbine passed fish were severe and
consisted primarily of severance or
decapitation
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Comparison of Survival/Injury to
Other HI-Z Tag Studies

1. Fourteen tests at nine hydro stations

2. Propeller type turbines

3. Adult fish including: American Shad, Walleye,
Northern Pike, American and European Eel,
and Rainbow Trout

4. Size range 423 — 1020 mm
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Survival vs. Runner Speed
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Trend, decreasing
survival and
increasing injury with
Increasing runner
speed





Survival vs. # of Blades
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Same trend also
evident for increasing
number of blades

Adult steelhead
survival generally
higher and injury
lower at McNary than
observed for other
adult fish at similar
type turbines
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