
For the best experience, open this PDF portfolio in
 
Acrobat X or Adobe Reader X, or later.
 

Get Adobe Reader Now! 

http://www.adobe.com/go/reader




Northwestern Division U.S. Army Corps of Engineers 
Anadromous Fish Evaluation Program 2014 Annual Review 


911 Federal Building 
911 NE 11th Ave, Portland, Oregon  97232 
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Wednesday, December 10, 2014 


8:00 2014 AFEP Introduction USACE 


 ADULT SALMON and STEELHEAD STUDIES  


8:10 Session Introduction USACE 


8:15 
Conversion of radio-tagged adult Chinook salmon and steelhead 
through the Federal Columbia River Power System (FCRPS), 2013-
2014 


Matt Keefer 
(UI) 


8:35 Evaluation of adult salmon and steelhead passage behavior and 
success in relation to fishway modifications at Bonneville Dam. 


Chris Caudill 
(UI) 


8:55 
Evaluation of adult salmon and steelhead passage behavior in 
relation to fishway modifications at The Dalles and John Day dams, 
2013-2014 


Kinsey Frick 
(NOAA) 


9:15 Steelhead kelt passage distributions and FCRPS survival and return 
rates for fish tagged above and at Lower Granite Dam.  (Year 3) 


Ryan Harnish 
(PNNL) 


9:35 Overwintering distribution and behavior of adult steelhead in the 
FCRPS,2013-2014 


Matt Keefer 
(UI) 


9:55 McNary Dam Adult Steelhead Direct Survival Study Joanne Phipps 
(Norm. Assoc.) 


10:15 Break (15 minutes)  


10:25 
Adult Steelhead and Chinook salmon passage, survival, and 
conversion through the lower Snake River. New adult PIT detection 
efficiencies. 


Steve Anglea 
(BioMark) 


10:45 Passage and Survival of Adult Snake River Sockeye Salmon within 
and Upstream from the Federal Columbia River Power System  


Lisa Crozier 
(NWFSC) 


11:05 Migration Timing and Survival of PIT-tagged Adult Salmonids from 
the Columbia River Estuary to Bonneville Dam, 2014 


Dick Ledgerwood 
(NWFSC) 


 BYPASS SYSTEM STUDIES  


11:25 Session Introduction USACE 


11:30 Lower Granite Dam Juvenile Fish Collection Channel Prototype 
Overflow Weir and Enlarged Orifice Biological Evaluation, 2014.  


Rod O'Conner 
(Blue Leaf Env.) 
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11:50 
Lower Granite Dam Juvenile Fish Collection Channel Prototype 
Overflow Weir and Enlarged Orifice: An Evaluation of Fish Injury and 
Subsequent Survival 


Allen Evans 
(RTR) 


12:10 Juvenile Bypass System Selectivity at FCRPS Dams Tiffani Marsh 
(NWFSC) 


12:30 Lunch  


 AVIAN PREDATION STUDIES  


13:30 Session Introduction USACE 


13:35 
Status of Caspian tern breeding colonies at both managed and un-
managed sites in the Columbia Basin and at Corps-constructed 
islands 


Dan Roby 
(OSU) 


13:55 Connectivity of managed and un-managed Caspian tern breeding 
colonies as revealed by resightings of banded individuals  


Yasuko Suzuki 
(OSU) 


14:15 Caspian tern response to management at Goose Island, Potholes 
Reservoir, as indicated using satellite telemetry 


Don Lyons 
(OSU) 


14:35 
Caspian tern predation on juvenile salmonids in the Columbia River 
Basin: a synopsis of PIT tag recovery methods, analyses, and results 
from 2014   


Allen Evans 
(RTR) 


14:55 Break (10 minutes)  


 PASSAGE AND SURVIVAL STUDIES  


15:05 Session Introduction USACE 


15:10 Methods and Overview for Compliance Study Assessment of 
Juvenile Salmonids at McNary and John Day Dam’s, 2014 


Mark Weiland 
(PNNL) 


15:30 Results of 2014 Survival Compliance Studies at McNary and John 
Day Dams  


John Skalski 
(UW) 


15:50 2013 Little Goose Summer Juvenile Salmon Dam Passage 
Performance Standard Route Survival Diagnostics  


Ryan Harnish 
(PNNL) 


16:10 JSATS Tag development for juvenile salmon, sturgeon, eel, and 
lamprey 


Daniel Deng 
(PNNL) 


 
 
 
  







 
 


Thursday, December 11, 2014 


9:00 Session Introduction  


9:10 Pit-Tag reach survival estimates, 2014  Steve Smith 
(NWFSC) 


9:30 Growth of Smolts Between Lower Granite and Bonneville Dams Tiffany Marsh 
(NWFSC) 


9:50 Detection of PIT-Tagged Juvenile Salmonids Using a Surface Pair-
Trawl in the Columbia River Estuary, 2014 


Matthew Morris 
(NWFSC) 


 TRANSPORTATION STUDIES  


10:10 Session Introduction USACE 


10:15 Determine the Seasonal Effects of Transporting fish from the Snake 
River to optimize a Transportation Strategy. 


Steve Smith 
(NWFSC) 


10:35 Fall Chinook Transportation Evaluation Steve Smith 
(NWFSC) 


10:55 Analysis of straying rates and behaviors of Snake and Columbia River 
salmon and steelhead 


Andy Dittman 
(NWFSC) 


11:15 Break (10 minutes)  


 TURBINE SURVIVAL STUDIES  


11:25 Session Introduction USACE 


11:30 Depth Distribution of Migrating Yearling and Subyearling Chinook 
Salmon and Juvenile Steelhead In the Snake River 


Daniel Deng 
(PNNL) 


11:50 Lunch (1 hour)  


 LAMPREY STUDIES  


12:50 Session Introduction USACE 


12:55 The 2014 adult Pacific lamprey migration: HD-PIT and radiotelemetry 
summaries 


Matt Keefer 
(UI) 


13:15 
Using the Juvenile Salmon Acoustic Telemetry (JSATS) system to 
evaluate adult Pacific lamprey movements and fate in Columbia River 
reservoirs, 2011-2014. 


Chris Noyes 
(UI) 


13:35 
Pacific Lamprey swimming behavior and performance in relation to 
passage barrier velocity, distance and turbulence in an experimental 
flume, 2014 


Mark Kirk 
(UI) 


13:55 
Development and use of lamprey passage structures at the 
Bonneville Dam Lamprey Flume System and John Day Dam North 
Fishway Entrance, 2013-2014.  


Chris Caudill 
(UI) 
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14:15 Modification and evaluation of lamprey passage structures (LPSs) at 
Bonneville Dam and the John Day south fishway collection trap, 2014.  


Steve Corbett 
(NWFSC) 


14:35 Break (10 minutes)  


14:45 If you build it they will come: an experimental vertical climbing wall Kinsey Frick 
(NOAA) 


15:05 Use of Network Theory to Evaluate Fish Passage Behavior at 
Bonneville Dam 


Mark Kirk 
(UI) 


15:25 


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.  


Frank Loge 
(UCD) 


15:45 Evaluation of Adult Pacific Lamprey Migration Behavior and Passage 
Success in Lower Snake River 


Chris Peery 
(USFWS) 


16:05 
Assessment of Fluctuating Reservoir Elevations Using Hydraulic 
Models and Impacts on Larval Pacific Lamprey Rearing Habitat in the 
Bonneville Pool 


Bob Mueller 
(PNNL) 


16:25 Evaluation of Larval Pacific Lamprey Rearing in Mainstem Areas of the 
Columbia and Snake Rivers Impacted by Dams 


Tim Whitesel 
(USFWS) 


16:45 Adjourn  
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JSATS Tag Development for 
Juvenile Salmon, Sturgeon, 
Eels, and Lamprey 
ZD DENG, H LI, J XIAO, M MYJAK, J LU, J MARTINEZ, T CARLSON, M WEILAND, 
RS BROWN 
Pacific Northwest National Laboratory 


US Army Corps of Engineers, Portland District 
MB EPPARD 







Summary 


Developed a new tag that can be injected instead of surgically 
implanted. The updated 2014 version has a tag life of > 100 days at 3-
s ping rate. Fish tagging threshold is still being evaluated. 
Developed a long-life juvenile sturgeon tag, that may be useful for 
larger fish including adult lamprey and salmon. 
Developing tag for juvenile lamprey and eels. 
Demonstrated the performance of JSATS in a fishway with 100% 
detection probability. 
A recent publication indicates that marine mammals may use signals 
from acoustic tags to locate fish. This issue will only affect tags of < 
200 kHz frequency. It does not apply to JSATS because JSATS’ 
operating frequency is 417 kHz. 
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Juvenile Salmon Acoustic Telemetry System 
(JSATS) Components 


The JSATS consists of acoustic transmitters, receivers, and data 
management and processing software.  
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2013 Prototype 


Dimension: 15 mm x 3.3 mm  
Dry Weight: 216 mg 
Wet Weight: 105 mg 
Volume: 0.111 mL 


Source Level:  
157 dB at zero deg 
155 dB average -90 to 90 deg 


Configurable pulse rate interval, source level, tag code. 
Optional temperature, alternating, and hibernation mode. 
Tag Life: 20 days at 3-s pulse rate interval. 
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2013 Field Evaluation: Study Design 


Manufactured 1000 tags in-house. 
Injected 682 fish with the new tag at LMN. 
Single release location over June 21 to July 1 at Central Ferry (rkm 
655). 
Control group: 1035 Performance Standards Evaluation study fish 
implanted with regular tags released during the same period. 
Handled fish from both groups same way except for implantation and 
tag design. 
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Detection Probabilities Comparison: 
No Significant Difference 
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RKM Array Type Injectable Tag PSE Tag 
636 Autonomous 0.9983 0.9977 
635 Cabled - LGS 0.9982 0.9988 
634 Autonomous 1 0.9987 
617 Autonomous 1 1 
602 Autonomous 1 1 
590 Autonomous 1 1 
589 Cabled – LMN 1 1 
587 Autonomous 1 1 
562 Autonomous 1 1 
539 Autonomous 1 1 
525 Autonomous 1 0.9955 
236 Autonomous 1 1 
152 Autonomous 0.9941 0.9951 
126 Autonomous 0.9548 1 







Single Release Cumulative Survival 
Without Tag Life Correction 
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2014 Prototype 
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Same size as 2013 prototype. 
Same features except that source level is not configurable. 
Longer tag life:  Average > 100 days at 3-s pulse rate interval. 
Possibility: Shorter injectable tag with a tag of 30-50 days for smaller 
juveniles in Willamette River, Snake River, and estuary? 
 







FY13 Tag Effects: Comparison of 
Implantation Using an Incision vs. Injection 


Determined that wound area is much 
smaller when the tag(s) were implanted via 
an incision compared to an injection – all 
methods without sutures for fish < 95 mm 
Determined that tag retention was higher 
when the tag(s) were implanted via an 
incision compared to an injection 
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FY14 Swimming Performance Evaluation 


Objectives 
Determine differences in critical swimming speeds (Ucrit) 


AT vs. untagged control 
AT+PIT vs. untagged control 
Determine if there is a size threshold 


Methods 
Used respirometers 
N = 166 fish 
Fork length: 75 to 104 mm; Mass: 5 to 15 g 
Spline regression 


Results 
No significant difference for AT vs. untagged control for fish > 80 mm 
No significant threshold for AT+PIT vs. untagged controls 
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Future Steps to Identify Size Thresholds 


Continue analysis of growth, wound area, and tag retention data comparing 
tagged to untagged fish implanted using an incision 
 
Threshold is likely to be closer to current 95 mm threshold. 


 
Challenges along a size range of fish to determine thresholds 


Exposure to simulated turbine passage 
Are tags expelled when the swim bladder expands with rapid 
decrease in pressure? 
Currently ongoing 
 


Predation trials 
Are smaller tagged fish more susceptible to predation than controls? 
Currently ongoing 
 


Exposure to shear forces similar to turbine / spillway passage 
Are tags expelled when smaller fish are bent and twisted? 
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Sturgeon Tag Specifications 


Dimension: 24.2 mm x 5.0 mm  
Dry Weight: 718 mg 
Wet Weight: 219 mg 
Volume: 419 mL 
Source Level:  


161 or 163 dB at zero deg 
Configurable pulse rate interval & tag code. 
Optional temperature, alternating, and hibernation mode. 
Tag Life:  365 days at 161 dB and 15-s pulse rate interval. 
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Sturgeon Tag Applications 


Small juvenile (< 1 year old) sturgeon. 
Long term monitoring for adult fish such as adult lamprey. 
Noisy environment such as immediate tailrace due to higher source 
level. 
Mobile tracking due to longer detection range. 
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Juvenile lake sturgeon, ARL, PNNL 


Juvenile white 
sturgeon, ARL, 
PNNL 







Juvenile Lamprey/Eel Tag 


Applications 
Downstream passage of Pacific lamprey. 
Upstream passage and fallback of American eel. 


Design and prototyping occurring in next two years. 
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Juvenile 
Pacific 
lamprey, 
ARL, PNNL 


Juvenile American eels, ARL, PNNL 







JSATS Deployment in a Fishway 
Wanapum Dam 
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JSATS Performance in a Fishway 
Wanapum Dam 


Detection efficiency from controlled field study. 
Ratio of number of valid detections to expected number of transmissions.  


80% for most locations within fishway.  
Nearly 100% in the fish ladder entrance when the tags were within 10 m of the 
hydrophones. 


Detection probability of tagged fish. 
Ratio of  detected numbers to expected number of fish. 


100% at all deployment locations. 
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Predation of Tagged Fish by Marine Mammals 


Stansbury et al. (2014) reported that grey seals use signals from 
acoustic tags to locate fish. 


69 kHz Tag (Vemco V9)  
Source level 151 dB SPL re 1 µPa 


Deng et al. (2014) also reported 200 kHz commercial sonar systems 
generate lower frequency side lobes audible to some marine 
mammals. 


Sub-harmonic sounds from 90 to 130 kHz 
Potential hearing range is a few hundred meters depending on 
background 
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Stansbury et al. (2014) Grey seals use anthropogenic signals from acoustic tags to 
locate fish: evidence from a simulated foraging  task. Proc. R. Soc. B 282: 20141595. 
 
Deng et al. (2014) 200 kHz Commercial Sonar Systems Generate Lower Frequency 
Side Lobes Audible to Some Marine Mammals. PLoS ONE 9(4): e95315. 







Implications for JSATS: Not an Issue 


Frequency and potential side lobe are outside the hearing range of 
marine mammals. 
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69 kHz 
Vemco V9 


417 kHz 
JSATS 







Summary and next steps 
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Tag Type Dimension 
Dry 


Weight 
(mg) 


Source Level 
(dB) Tag Life Primary 


Application Status 


2013 Injectable 15 mm X 3 mm 216 155-157 20 days at 3-s PRI Juvenile salmon Completed 


2014 Injectable 15 mm X 3 mm 216 155-156 > 100 days at 3-s 
PRI Juvenile salmon Completed 


Sturgeon Tag 24 mm x 5 mm 718 161 or 163 365 days at  15-s  


Juvenile 
sturgeon; adult 
lamprey; Noisy 
environment 


Completed 


Eel/lamprey TBD TBD TBD TBD juvenile eel; 
juvenile lamprey TBD 


Shorter injectable 12 mm X 3 mm? TBD TBD 30-days at 3-s 
PRI? 


Smaller 
juveniles  in SR, 


CR, and WR 
TBD 







Summary and next steps 
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Demonstrated the performance of JSATS in a fishway with 100% 
detection probability. 
A recent publication indicates that marine mammals may use signals 
from acoustic tags to locate fish. This issue will only affect tags of < 
200 kHz frequency. It does not apply to JSATS because JSATS’ 
operating frequency is 417 kHz. 
 







Acknowledgements 
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Diagnostic evaluation of the 
2013 summer juvenile salmon 
dam passage performance 
standard test at Little Goose 
Dam 
RYAN HARNISH1 
KENNETH HAM1 
XINYA LI1 
DANIEL DENG1 


ETHAN GREEN1 
GEOFF MCMICHAEL2 
 
1PACIFIC NORTHWEST NATIONAL LABORATORY 
2MAINSTEM FISH RESEARCH 1 







Background 


2008 FCRPS BiOp calls for dam passage survival probability of ≥ 0.93 
for subyearling Chinook salmon (CH0) 
5,996 (total) acoustic-tagged CH0 released above LGS in 2012 & 
2013 to estimate dam passage survival at LGS 


2012 estimate at LGS = 0.9508 (SE = 0.0097) 
2013 estimate at LGS = 0.9076 (0.0139) 


>5,000 passed LGS 
3-D tracking data 
Route of passage 
FB residence time 
TR egress time 
Survival 
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Objectives & Questions 


Study objectives & questions 
Identify the factors that influenced survival, passage routes, and passage 
times at LGS in 2013 
What individual characteristics, environmental conditions, and dam 
operations contributed to the low survival observed in 2013? 
If operations contributed to the low survival, what can be done differently? 


 
Analyses are ongoing 
Results presented today are preliminary – final report March 31, 2015 
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2012: average to high-flow year with average to cooler temperatures 
2013: low-flow year with above-average temperatures 
 
 
 
 
 
 
 
 
 
Logistic regression relationship 


Survival positively correlated with discharge:  χ2 = 154; p < 0.001 
Survival negatively correlated with temperature: χ2 = 206; p < 0.001 


 
 


Environmental conditions were very 
different in 2012 & 2013 
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Methods 


Iterative process 
Starting with logistic regression modeling, using detection or non-
detection of tagged fish at an array located 33 km downstream of LGS 


Detection array ≥ 0.99 detection probability 
Advantages  


Fish can be assigned a value for each variable of interest that most accurately 
describes the conditions encountered at the time of dam passage 
“Survival” can be estimated quickly 


Disadvantage 
Mortality that occurred between the TR and detection array is included in the 
estimate 


Bayesian model averaging to identify the “best” model 
Pairwise correlations evaluated for multicollinearity 
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Variables: Survival 
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Individual 
Fork length 
Condition (good/fair) 
Relative condition 


 


Behavioral 
Tailrace egress time 


 


Temporal 
Day of dam passage 
Diel passage (day/night) 


 
 


Environmental 
Tailrace water temperature 
TR TDG% 
Total discharge 


 


Operational 
% of total discharge through each route 
% spill 
Spillway weir crest position (high/low) 


 







2012 & 2013 survival (all routes) 


“Best” model 
Survival was negatively correlated with tailrace temperature 
Survival was negatively correlated with tailrace egress time 
Survival was positively correlated with fork length  
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Variable Probability Direction 


TR temperature 1.00 – 


TR egress time 1.00 – 


FL 0.96 + 


Model posterior probability 0.80 







“Best” model 
TR egress time was positively correlated with % discharge through weir 
TR egress time was negatively correlated with % discharge through spill 
bay 5 
TR egress time was affected by route of passage 
TR egress time was negatively correlated with total discharge 
 


 
 
 
 
 
 
 
High multicollinearity 


2012 & 2013 tailrace egress time (all routes) 


8 


Variable Probability Direction 


S1%Q 1.00 + 


S5%Q 1.00 – 


Subroute 1.00 JBS>Turbine>Deep>Weir 


Discharge 0.80 – 


Model posterior probability 0.72 
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S1 = 0.92 


Effect of discharge on survival 


S1 = 0.86 


LGS CH0 survival by passage discharge  
2012 vs 2013 
 


 
 







Year


2012 2013


D
is


ch
ar


ge
 (k


cf
s)


0


20


40


60


80


100


120


140


December 18, 2014 10 


S1 = 0.92 


S1 = 0.86 


Effect of discharge on survival 


LGS CH0 survival by passage discharge  
2012 vs 2013 
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S1 = 0.92 


Effect of discharge on survival 


S1 = 0.89 


S1 = 0.83 


LGS CH0 survival by passage discharge  
2012 vs 2013 
2013: S1 = 0.88 needed for SDam = 0.93 
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S1 = 0.92 


S1 = 0.89 


S1 = 0.83 


S1 of 0.88 needed to achieve SDam of 0.93 in 2013 
What operations (if any) used at low flows (<50 kcfs) in 2013 
resulted in S1 ≥ 0.88 and low tailrace egress times? 


 


Effect of discharge on survival 







T1 T2 T3 T4 T5 T6 S1 S2 S3 S4 S5 S6 S7 S8 


Dam operations 


13 
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N and S by discharge/operation 
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N and S by discharge/operation 


1 2 3 4 5 6 7 8 9 10 11 12


D
is


ch
ar


ge
 (k


cf
s)


20


40


60


80


100


120


140


Operations


1 2 3 4 5 6 7 8 9 10 11 12
20


40


60


80


100


120


140
2012 2013


Operations by discharge  


December 18, 2014 15 


0.94 
0.95 


0.96 


0.89 
0.84 


0.67 


0.94 


0.73 


0.90 


0.96 
0.92 0.95 0.87 


0.85 
0.82 


0.84 


0.92 


141 


1021 


734 


56 


293 
70 


173 


77 
70 


91 
53 


379 
212 


650 


887 


92 


73 







Operations
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Tailrace egress times by operation 


Survival negatively correlated with tailrace egress time 
χ2 = 72; p < 0.001 
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Distribution of op. “11” TR egress vs. 
model 


17 







Conclusions & future analyses 


Conclusions 
Discharge and temperature likely contributed to lower survival observed in 
2013 
Operations may have also contributed to lower survival 
However, it may be possible to operate the dam in such a way as to 
improve CH0 dam passage survival (to the BiOp standard) at LGS during 
periods of low flow 


Whether or not these operations are feasible with respect to power production, 
adult fish ladder attraction, etc. remains to be determined 
Need to link these results to turbine priorities and spill patterns 
 


Future analyses 
Evaluate survival and tailrace egress time by route of passage under 
different discharges and operations 
Assess effect of variables on dam passage survival using VIPRE model 
Evaluate factors affecting route of passage 
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1. Outmigration years are usually described by 
flow/temp/operations. 


2. Years with same designation often show different 
juvenile survival and SAR results. 


3. Can we measure the response of fish to the physical 
characteristics experienced during their migration 
through the hydropower system? 


4. Recapture fish at Bonneville Dam that had been tagged 
at Lower Granite Dam for various NOAA studies to 
determine growth, then compare growth with annual 
physical/operational characteristics. 


Background 
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Methods 


1. Collection began in 2008 with hatchery and wild Chinook 
salmon.  Collection of hatchery Chinook ended in 2011. 


2. Collection of hatchery and wild steelhead began in 2012. 
3. Upon recapture at Bonneville Dam, fork lengths and 


weights were recorded. 
4. Due to tagging limitations, only fork lengths were 


recorded at Lower Granite Dam prior to 2013. 
5. Compared growth (length) to annual physical/operational 


characteristics. 
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2014 Data 


• Second year weights were recorded at LGR 
• 582 fish had weights at LGR and BON 


Species Rear type 
      Weight gain 
 < 0   0   >0 


Chinook Wild  64  8  289 


Steelhead Wild  72  1  28 


Hatchery  116  2  35 







Growth of Smolts 


Species Rear type n 
     Relative weight gain 
 Average    Max    Min 


Chinook Wild  254 0.08 0.81 (0.50) 


Steelhead Wild  85 (0.04) 0.59 (0.23) 


Hatchery  166 (0.03) 0.21 (0.30) 


2013 Data 


Species Rear type n 
     Relative weight gain 
 Average    Max    Min 


Chinook Wild  361 0.14 1.83 (0.53) 


Steelhead Wild  101 (0.02) 0.79 (0.15) 


Hatchery  153 (0.02) 0.26 (0.25) 


2014 Data 
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Weight gain (relative to weight at tagging) 
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Growth of Smolts 
Travel time (LGR to BON) 
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Relative Condition Factor -  BON/LGR 
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Growth of Smolts 


Conclusions 
 
1. So far, the only correlation we’ve found, using growth, is 


with the percentage of Chinook (hatchery and wild) 
transported. 
A. Growth decreases as fewer fish are transported (i.e., more fish 


left in the river). 


2. In 2014, wild Chinook salmon relative conditional factor 
(CF) fluctuated up and down over the season, ending 
slightly lower than the first week. 


3. Wild and hatchery steelhead CF also fluctuated over the 
course of the outmigration, ending higher by the end. 
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1. Compare growth and CF to juvenile survival. 
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Still to do: 
 
1. Compare growth and CF to juvenile survival. 
2. Compare growth and CF to SAR estimates. 
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Objectives 


• Complete reach survival estimates to the 
tailrace of Bonneville Dam 


• Compare timing and recovery rates of 
transported and inriver migrating juvenile 
salmonids  


• Continue developing a new towed array   
 







The Trawl Detection System 


90 m 


122 m 


Matrix 
Antenna 







The Matrix Antenna 
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PIT-tagged Juvenile Salmonids 
Detected in the Estuary, 2014          


N= 15,904 
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Can we utilize new reader and 
antenna technology to: 
• Reduce project costs  
• Increase detection rates  
• Increase applicability of 


detection system design to other 
sites and systems    
 


• Could they be towed or deployed 
in the thalweg to detect 
juveniles? 


Designing a New Mobile Detection System 


2.4 m 


6.1 m 







Antenna Development, 2013 


• Towed test of PVC antenna in 
2013 


• 30 m wings 
• No electronics 
  







Flexible Antennas 
• Designed in conjunction with 


pile dike site 
• 1.9-cm-diameter flexible hose 
• Attached to a non-stretch rope 


frame for towing 
• Could be towed by two skiffs 
  







Flexible Antennas Under Tow 
2013 Results: 
• High noise and electronic 


variability from vibration 
• Speed limited by tethering 


electronics (similar to trawl) 
 


2014 Primary objectives: 
• Test a single antenna design to 


evaluate system modifications 
• Deploy antenna during spring 


migration 
• Test a modular antenna design 


 
 


  







Towed Flexible Antenna Results 
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Towed Flexible Antenna Results 


• Reduced vibration at all speeds 
• Improved system design  
• Improved electronic stability 
• Detected 9 fish during short single-


antenna tests  
• Deployed two antennas in a 


modular design 
  







Plans for 2015 


• Test modular design during spring 
migration- up to six antennas (5 x 
19 m or  2.5 x 38 m) 


• Test a towed vs. stationary array 
• Sample in tandem with trawl for a 


direct comparison of n/h 
• Further reduce system vibration for 


increased speed and electronic 
stability 


• Continue researching and testing 
new antenna materials 
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Downstream Mixing of Release Groups 
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Assumption Evaluations 







McNary Dam 







Spring Spill Target:  40% 







Summer Spill Target:  50% 







Fish Stock 


Yearling Chinook salmon 0.9610 0.0127 


Steelhead 0.9698 0.0136 


Subyearling Chinook salmon 0.9239 0.0180 







Performance Measure 
Yearling Chinook 


Salmon 
Steelhead 


Subyearling 
Chinook Salmon 


BRZ-to-BRZ survival 0.9575 (0.0127) 0.9663 (0.0136) 0.9215 (0.0180) 


Forebay residence time* 1.73 h 2.57 h 2.22 h 


Tailrace egress time* 0.44 h 0.37 h 0.54 h 


SPE 71.4% (0.9) 84.3% (0.8) 53.8% (1.0) 


FPE 91.2% (0.6) 97.3% (0.3) 80.9% (0.8) 


*Median 







Fish Stock 


Year of Study 


2012* 2014 


Yearling Chinook salmon 0.9616 (0.0140) 0.9610 (0.0127) 


Steelhead 0.9908 (0.0183) 0.9698 (0.0136) 


Subyearling Chinook salmon 0.9747 (0.0114) 0.9239 (0.0180) 







John Day Dam 







Spill Target:   
Alternating 2 days of 30% vs. 40% spill 







Subyearling Chinook Salmon 


Season-wide 0.9169 0.0061 


30% Spill 0.9196 0.0074 


40% Spill 0.9131 0.0077 


30% vs. 40% spill not significantly different (P = 0.5366) 







Performance Measures Season-wide 


BRZ-to-BRZ survival 0.9081 (0.0062) 


Forebay residence time* 2.12 h 


Tailrace egress time* 0.57 h 


SPE 63.7% (0.7) 


FPE 79.2% (0.6) 


*Median 







Performance Measure 30% Spill 40% Spill 


Dam passage survival 0.9196 (0.0074) 0.9131 (0.0077) 


BRZ-to-BRZ survival 0.9088 (0.0076) 0.9066 (0.0078) 


Forebay residence time (median) 2.28 h 1.91 h 


Tailrace egress time (median) 0.58 h 0.56 h 


Spill passage efficiency 0.5552 (0.0104) 0.7126 (0.0097) 


Fish passage efficiency  0.7576 (0.0090) 0.8231 (0.0082) 







Fish Stock 


Year of Study 


2011 2012 2014 


Y. Chinook salmon 0.9678 (0.0071) 0.9673 (0.0065) -- 


Steelhead 0.9867 (0.0061) 0.9744 (0.0028) -- 


S. Chinook salmon -- 0.9414 (0.0031) 0.9169 (0.0061) 







Conclusions 















• Cascade Aquatics:


• PNNL:


• PSFMC: 


• USACE:  


• UW:   
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Outline 
• Summary of migration conditions, juvenile travel 


time, and juvenile survival through the 
hydropower system 


• Percentage transported 
• Interplay of factors – what’s new and interesting? 


 
 


• Only those fish left to migrate in-river  
• Only juvenile data, not survival to adult 


 
 







2014 Spring Survival Summary 
 
• Flow, spill, and water temperature all 


near long-term average 
 


• Surface passage and spill continue to 
promote shorter travel times 
 


• A little over one-third of smolts 
transported 
 


 







2014 Spring Survival Summary  
 


• Survival through hydrosystem just under 
50% for yearling chinook, near long-
term average 
 


• Survival through hydrosystem very high 
(71%) for sockeye 
 


 







2014 Spring Survival Summary  
 


• Survival from LGR to MCN near long-
term average for steelhead  
 


• Very high steelhead estimate for 
steelhead MCN-BON, probably due to 
model assumption violations 
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Yearling Chinook Median Travel Time
Lower Granite to  Bonneville (461 km)
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Steelhead Median Travel Time
Lower  Granite to Bonneville (461 km)
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Preliminary estimates of  
transport % for 2014 


 
 
• 31% wild Chinook 
• 38% hatchery Chinook 
• 40% wild steelhead 
• 35% hatchery steelhead 
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Percentage Transported Function Of: 
 
 • Arrival Distribution of Smolts 


• Daily Probability of Entering JBS 
• Daily Probability of Transport from JBS  


 
 
 







Sockeye Survival 
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Steelhead Estimates 


in Lower River? 
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Survival Estimates in Lower River 


• MCN-JDA and JDA-BON estimates are negatively 
correlated in all cases 
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correlated in all cases 


• Biased if detected and non-detected fish at JDA 
have different survival to BON (or detection at 
BON) 


• “Too few” JDA-detected at BON means 
  S(MCN-JDA) > S(JDA-BON) 


 
 


 
 







 


Survival Estimates in Lower River 


• MCN-JDA and JDA-BON estimates are negatively 
correlated in all cases 


• Biased if detected and non-detected fish at JDA 
have different survival to BON (or detection at 
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JDA-detected less likely
to show up at BON?
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Survival Estimates in Lower River 


 
• Effect on overall MCN-BON survival is less, as 


correlation and bias cancels out to some degree 
 


• MCN-BON estimates have been fairly constant 
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Goal 


Evaluate survival and associated passage metrics for 
yearling and subyearling Chinook and juvenile steelhead 
relative to performance standards stipulated in the 2008 
FCRPS BiOp and the 2008 Fish Accords 


Spring  
Yearling Chinook and juvenile steelhead 
McNary Dam 


Summer  
Subyearling Chinook 
McNary and John Day dams 
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Detections Systems: Cable Array 


Dam Coverage 
Cable Array 


Hydrophones – 174 
Computer systems – 45  
3-D tracking 
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Detections Systems: Autonomous Nodes 
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Autonomous Node Arrays   
10 survival study arrays 
7 fish loss arrays 
472 rkm uppermost 
236 rkm lowest  
236 rkm covered 
3-10 auto’ nodes per array 
114 total auto’ nodes deployed 


 







Dam Operations/Modifications 


MCN 
Spring 


TSWs Spillbays 19 and 20 
40% spill 


Summer 
No TSWs 
50% spill 


JDA 
Summer 


TSWs Spillbays 18 and 19 
30/40% spill 2-day blocks/treatment 
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Collection: Non-Candidate Fish 


“Non-Candidate” 
Fish not considered for project criteria 


 
Project Criteria 


Species 
Any fish not a steelhead or Chinook 


 


Previously Tagged Fish 
Presence of a PIT tag or other active tag 


 


Fish Size 
< 95 mm in FL or > 300 mm in FL  


 


Moribund/Mortalities 
Fish that have severe or lethal symptoms 
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Collection: Candidate Fish 
“Candidate” 


Met project criteria, then assessed for maladies 
 


Exclusion Criteria for Candidate Fish 
Descaling 


>20% on either flank, with no regrowth, mucous coat absent  
Disease 


Fungus, ulcerations, necrotic gills, furunculosis  
>5% on either flank 


>2 copepod on gill filaments (excl.  arch, operculum, etc.) 
Injury 


Open wounds and active hemorrhaging; >5% on either flank 
Fin Damage 


Caudal fin has eroded/disintegrated to stage 5 
Skeletal Deformities 


AT could not “fit” into cavity or swimming compromised 
9 







Collection: Inclusion 


Inclusion Statement 
If 5% of the sample on a given day has a particular 
malady/infection, fish with the same malady collected 
the following day are included as acceptable candidate 
fish for tagging.  
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Non-Candidate Fish 
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Category CH1 % CH1 ST %ST CH0 % CH0 


Total Handled 7,995 100 8,012 100 10,112 100 


Previously Tagged 256 3.2 233 2.9 79 0.8 







Candidate Fish 
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Category CH1 % CH1 ST %ST CH0 % CH0 


Retained for 
Tagging 6,893 98.0 6,912 96.8 9,105 98.0 


Excluded for 
Condition 138 2.0 231 3.2 190 2.0 







Examples of Non-Candidate Fish 
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Tagging at JDA SMF 


JSATS acoustic micro-transmitter 
ATS SS300  


Source level: 156dB re:1µPa@1m 
0.308 g in air, 0.19 g in water  
10.71 x 5.19 x 3.04 mm 
PRI: 3 sec 
Mean Tag Life: 23.99  days (SE±0.10) 


Passive Integrated Transponder 
Biomark HPT 12 


12.5 x 2 mm 
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Tagging at JDA SMF 


Surgical implantation protocol 
System wide guidelines 
Panel approved exceptions 


1x1x1x1 knot 
Chlorhexidine 
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Tagging at JDA SMF 


Spring 
Tagging days – 34 


April 26 to May 29, 2014 
Yearling Chinook –6502 
Steelhead – 6498 
Tagged 24 hr mortalities – 14  


 
Summer 


Tagging days – 34 
June 10 to July 13, 2014 


Subyearling Chinook – 8473 
Tagged 24 hr mortalities – 17  
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Comparison of Tagged to Run-of-River Fish 


Spring 
Steelhead 


134-300 mm FL 
 


 
 
 
 
Yearling Chinook 


95-221 mm FL 
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Comparison of Tagged to Run-of-River Fish 
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Summer 
Subyearling Chinook 


95-149 mm FL 







Releases and Tracking- Spring 


Spring 
Total fish released  –  13,000 


503 rkm uppermost release 
449 rkm lowest release 
3 release “locations”  


5 release points per location 
32 releases at each location 


1-3 releases per day 
Day and night “balanced” 
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Releases and Tracking- Summer 


Summer 
Total fish released  –  8473 


503 rkm uppermost release 
325 rkm lowest release 
5 release “locations”  


5 release points per location 
32 releases at each location 


1-5 releases per day 
Day and night “balanced” 
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Study Area and Release Locations 
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MCN Node and Release Locations 
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JDA Node and Release Locations 
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Data Flow 


Data is  
Generated at 18 physical locations 
Processed at 5 physical locations 


 
 


Data “Systems” – 23 
A System has an identifiable start-end 
Most have discrete data origination 
Most have in- and out-flow processes 
All are dependent on other Systems 


Operate in sequence and in parallel  
 


QA/QC is extensively conducted within/between Systems 
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