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MINTO FISH 
COLLECTION FACILITY 


OPERATIONS: 2013 
Cameron Sharpe, Greg Grenbemer & 


David Griffith 
Willamette Science Review 


February 4 - 6, 2014 







Project Geographic Scope 
Focus is on 
Spring 
Chinook 
Salmon Above 
and Below 
Projects in 
the North and 
South 
Santiams and 
the Middle 
Fork 
Willamette 











North Santiam River 











































Species 
Sex 
Size 
Fin Clips 
Floy Tags 
CWTs 
PIT-tags 
Radiotags 
Scales 
DNA 
Disposition 















FISH DISPOSITIONS AT MINTO 
• BROODSTOCK (2013: CLIPPED FISH ONLY) 
• OUTPLANTING (2013: CLIPPED FISH ONLY) 
• PASSAGE (2013: UNCLIPPED FISH ONLY) 
• OTHER 


 
Disposition Marked 


Males 
Marked 
Females 


Marked 
Jacks 


Mini-
Jacks 


Non-
Marked 
Males 


Non-
Marked 
Females 


Non-
Marked 
Jacks 


Outplant Kanes 183 144 0 
Outplant Hoover 297 262 9 


Outplant Mongold 110 134 2 
Upriver Minto 0 0 0 363 247 14 


Mortality 32 54 0 0 
Killed (green,CWT) 52 4 56 294 


Spawned 452 456 4         















COLLECTION TIMING 







COLLECTION EFFICIENCY (1) 







COLLECTION EFFICIENCY (2) 







BROODSTOCK SURVIVAL 







Year Unspawned Female 
Carcasses 


Total Processed Female 
Carcasses 


PSM Above 
Detroit (%) 


2007 3 16 19% 
2008 No Data NA 
2009 3 21 14% 
2010 5 123 4% 
2011 Bennett Trapping (No Minto; Limited Outplants) NA 
2012 Bennett Trapping (No Minto; Limited Outplants) NA 
2013 6 115 5% 







SUMMARY 
• New Minto Appears to… 


 
– Collect fish sooner than Old Minto 


 
– Collect fish as efficiently now, perhaps 


more so in the future 
 


– Treat fish as well, perhaps better in the 
future 
 







Questions? 
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Project Objectives 


§ Use flow/temperature models to inform 
management and planning decisions for Detroit 
Dam   
§ Compare alternative reservoir “fill-curve” schedules 
§ Compare retro-fit alternatives 
§ Assess climate change impacts on potential operations 


and/or retro-fit structures 
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Project Objectives 


§ Use flow/temperature models to inform 
management and planning decisions for Detroit 
Dam   
§ Compare alternative reservoir “fill-curve” schedules 
§ Compare retro-fit alternatives 
§ Assess climate change impacts on potential operations 


and/or retro-fit structures 
§ Effects of a potential temperature control structure 
§ near Detroit – Big Cliff 
§ downstream near the North/South Santiam confluence 







North 
Santiam River  
§ Detroit 
§ Built in 1953 
§ 463 ft tall; 1432 ha 
§ Hydropower 


peaking 
§ Big Cliff  
§ 191 ft tall 
§ re-regulating dam 


http://www.nwd-wc.usace.army.mil/nwp/teacup/willamette/ 


Big Cliff 
Detroit 



http://www.nwd-wc.usace.army.mil/nwp/teacup/willamette/





Water Quality Model: CE-QUAL-W2 
• Corps of Engineers model 
• Lakes, reservoirs, rivers, estuaries 
• 2-D:  longitudinal, vertical 
• Dynamic 
• Flow, temperature, water quality 


DO phytoplankton zooplankton 
ammonia phosphorus dissolved OM 
nitrate detritus sediment OM 
alkalinity pH suspended sediment 
TDS chloride 







Tributary 
Inflows 


(Q, T) 
Outflow 


(Q) 


Meteorology 
(air T, dew point T, solar 
radiation, precipitation, 


wind speed and direction, 
cloud cover) 


Lake Bathymetry 


CE-QUAL-W2 inputs 
 







water balance 







Scenario  noblend 


Power only 







noblend: DET Outflow 







noblend: RM 57.3 BCL Outflow 







noblend: RM 38.7 (Mehema) 







noblend: RM 14.6 (Greens Br) 







Scenario  base 


Spillways 


Upper ROs 
Power 







base: DET Outflow 
temperature 


target 


loss of spillway, power only power, U.RO blending 


cold water 
exhausted; 


lake well- 
mixed 


power, spillway blending 







base: RM 57.3 (BCL Outflow) 







base: RM 38.7 (Mehema) 







base: RM 14.6 (Greens Br) 







Temperature Control System 
Scenario: DDR 


power outlet connected to selective 
withdrawal structure 


selective withdrawal structure 







DDR: DET Outflow 







DDR: RM 57.3 (BCL Outflow) 







DDR: RM 38.7 (Mehema) 







DDR:  RM 14.6 (Greens Br) 







nodams:  RM 14.6 (Greens Br) 







Scenario Comparison 


Scenario 


Average max difference from 
“noblend” at BCL (°C) 


Average 
estimated 


emergence 
date at BCL* July/August October 


noblend 2-Dec 
base +5 -4 6-Jan 
DDR +6  -5 13-Jan 


*The day after Sep 20 in which the accumulated degree-days = 1750 °F-days 







Summary  
§ Current temperature blending at Detroit 


(summer spillway use; autumn RO use) 
delays estimated emergence date about 35 
days 
§ Temperature blending limited by power 


demand and outlet location  
§ Simulated floating outlets allow spill of warm 


water in summer to preserve cool water for 
the autumn 
§ delays estimated emergence date about 42 days  
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What to Expect… 


Methods Dam OPS 
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 Chinook Upstream Release
Steelhead Reservoir Release
Steelhead Upstream Release


Spring


Prob. of Presence Travel Times 


Movement Prob. Positions near Dam Depths near Dam Passage Metrics 







N. Santiam River 
release site 4.0 km 


Breitenbush River 
release site 2.8 km Big Cliff Dam, 


Minto Dam, 
Salem, Wilsonville, Portland 


Piety Is. 


Blowout Ck. 


Kinney Ck. 


X 







Regulating Outlets (5) 


Spillway Bays (6) 


Turbines (2) 







 ( 


Model # SS160-337 


 


Fish and Tags 
 


Spring (March-May) 
• Yearling Chinook salmon 


– NSR: 152.4 mm (115–181 mm) 
– BRE: 152.7 mm (118–181 mm) 
– Released 197 at each location 
 
 


• Tags 
– 0.43 g, 6s PRI, 90% life 77.7 d 
 


• Tag burden 
– mean 1.3% (0.6–3.5%) 


 
• Fish rejection rate 11.6% 


– 3.5% without “too large” 


• Juvenile steelhead 
– DET Res: 170.0 mm (143–180 mm)  
– NSR: 175.2 mm (140–183 mm) 
– BRE: 175.8 mm (156–183 mm) 
– Released 125 in the reservoir, 53 at 


NSR, and 51 at BRE  
 


• Tags 
 


– Res:0.44 g, 10s PRI, 90% life 75.0 d 
– Tribs:0.6 g, 6s PRI, 90% life 73.4 d 
 


• Tag burden 
– mean 1.0% (0.7–1.7%) 


 
• Fish rejection rate 19.9% 


– 1.7% without “too large” 
 


Released 2d/week biweekly 6 times 







Fish and Tags 
 


Fall (September–November) 


• Yearling Chinook salmon 
– NSR: 149.1 mm (118–180 mm) 
– BRE: 148.9 mm (115–179 mm) 
– Released 303 at each location 


• Tags 
– 0.43 g, 10s PRI, 90% life 68.0 d 


• Tag burden 
– mean 1.3% (0.7–2.7%) 


 
• Fish rejection rate 2.0% 


– 1.9% without “too large” 


• Juvenile steelhead 
– NSR: 164.6 mm (135–180 mm) 
– BRE: 166.2 mm (138–180 mm)  
– Released 135 at NSR, 136 at BRE 


• Tags 
– 0.43 g, 10s PRI, 90% life 68.0 d 


• Tag burden 
– mean 0.9% (0.6–1.6%) 


 
• Fish rejection rate 13.6% 


– 0.6% without “too large” 


 


Released 2d/week biweekly 6 times 







Environmental Conditions 


Temp. control  
early June 







Seasonal Dam Passage 


Chinook ≤ 100 m From Dam Here Too ? 


Steelhead.t Here Too ? 


St.r 







Probability of Presence 
Spring Releases 
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CJS mark-recapture methods accounting  
for detection probabilities at the arrays 
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Detroit 
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Probability of Presence 
Fall Releases 
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 Steelhead Upstream Release
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CJS mark-recapture methods accounting  
for detection probabilities at the arrays 
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Detroit 
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Travel Times – Spring Releases 


median 1.7 d 


median 15.9 d 
9.1 d 


7.0 d 


69.7 d 


CH 26.8 d 
STt 16.9 d 
STr  na 


Circles are subjects censored at 90th percentile of tag life 







Travel Times – Fall Releases 


median = 1.0 d 


Median = na 3.6 d 


na 


na 


na 


Circles are subjects censored at 90th percentile of tag life 







Markov Movement Probabilities 


0.38 


0.54 


0.08 


0.74 


0.90 


0.90 


0.63 


Fall similar to spring,  
steelhead similar to Chinook 


Reservoir movements depend on  
previous location (2-step process) 
 (“DIRECTIONAL”) 
 
Tribs. and forebay are 1-step 







Where are Fish When Near the 
Dam? 







ELE MAX:  1565.5 
Total tags: 259 
CH1 Mean Percent Presence 
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ELE MAX:  1450 
Total tags: 263 
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ELE MAX:  1450 
Total tags: 263 
CH1 Mean Percent Presence 







And now for steelhead released in spring… 







ELE MAX:  1565.5 
Total tags: 123 
HST Mean Percent Presence 







ELE MAX: 1565.5 
Total tags: 123 
HST Mean Percent Presence 







Fish Depth by Hour - Spring 
 


Chinook Salmon 


Steelhead 







Fish Depth by Hour - Fall 
 







Chinook fall release 


What Time Do Fish Pass? 







Passage Metrics 


RPE: Reservoir Passage Efficiency  
    (% in reservoir getting to BRZ line) 
 
DPE: Dam Passage Efficiency 
    (BRZ line to dam passage) 







Summary (1 of 2) 
• Fewer steelhead reached the reservoir than Chinook 


– Esp. in winter  


• Most detected in reservoir reached BRZ line and most of 
those reached the dam (some steelhead exceptions) 


• Migration through the reservoir was non-random 
– Net downstream movement yields congregation in forebay 


• Dam passage rate varies seasonally 
– highest in spring/summer (most via spillway) 
– lowest in fall/winter (most via powerhouse) 


• Dam passage occurred primarily at night 
– Esp. steelhead in spring/summer and Chinook in fall 


 







Summary (2 of 2) 
• Passage rates vary with diel period, discharge, season, 


and elevation 
– Temperature or seasonal effect in spring/summer 
– Discharge effect increases as elevation decreases in fall/winter 


• Fish present throughout the area monitored near dam 
– No great concentration in any one area 
– Chinook deeper in the day than at night 
– Steelhead shallower than Chinook 


 
• Reports 


– 2012 study: in review 
– 2013 study: preparation following data collection  
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What Affects Passage Rate – 
Chinook in Spring 


 Night Spill (Temp control OPS) 


2-5 times greater at night 
13-16% greater per 100 cfs spill discharge 
Prior to June increases with Season (Temp) 


Intermittent Spill (before ~ June) 







What Affects Passage Rate – 
Steelhead in Spring 


(only 3 passage events after June 2) 


19 times greater at night 
Increases with spill discharge 
Spill discharge effect greater in day 
 27% per 100 cfs in day 
 15% per 100 cfs at night 


Intermittent Spill 







What Affects Passage Rate - Fall 
Chinook Salmon 


11 times greater at night 
Effect of discharge less at higher elevation  
   2% per 100 cfs at 1,530 ft elevation 
 12% per 100 cfs at 1,454 ft elevation 
No steelhead passage as of 12/15/2013 


El*Discharge 







Tag Extinction Test 


Chinook tags (blue line, battery model 379, PRI 6 s)  
   activated on three dates (N=50), expected life 90 d 
Steelhead tags (red line, battery model 377, PRI 6 s)  
   activated on two dates (N=42), expected life 150 d 
 
Steelhead tags: median tag life is 128.27 days 
 90% of all steelhead tags are alive at 73.40 days 
 Range 49.22 to 164.41 days 
Chinook tags: median tag life is 93.42 days.  
 90% of all Chinook tags are alive at 77.70 days 
 Range 9.82 to 128.52 days 







DPE by Forebay Elevation 


1563.5-1541 
1541-1525 


1525-1500 
1500-1450 


Forebay Elevation (feet) 


GE 1563.5 


D
PE


 a
nd
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 C
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“Chinook (Fall)” is as pool is receding, the rest are as pool is filling 
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Methods   
- Implementing JSATS technology in 


shallow and fast environments. 
- Location of monitoring sites in the 


Willamette River. 


Outline 


Results   
- Detection range  
- Detection probabilities 
- Travel times 
- Travel rates 
- Survival 







The Challenges 


- High velocity 
- Shallow water  
- High debris load 







2012 Feasibility study in the Willamette River 







 Deployment for 2013 







2013  
Willamette Node 


Deployment  


Portland 


Wilsonville 


Salem 


Minto 


Big Cliff 


Detroit 


Rkm  Detroit Big Cliff Minto Salem Wilsonvile Portland 


Detroit   4.5 11 138.1 211.6 251.9 


Big Cliff 4.5   6.5 133.6 207.1 247.4 


Minto 11 6.5   127.1 200.6 240.9 


Salem 138.1 133.6 127.1   73.5 113.8 


Wilsonville 211.6 207.1 200.6 73.5   40.3 


Portland 251.9 247.4 240.9 113.8 40.3   







Salem Overview 


Union Street  
Old railroad 
Pedestrian bridge 
 


Marion St bridge 
Hwy 22  
West bound 


Center St bridge 
Hwy 22  
East bound 
 


200m 


125m 


100m 


190m 


230m 


- Tag = 6 sec PRI 
- Flow = 10 ft/sec  
- 17 pulses 







Wilsonville Overview 


190m 


520m 


190m 


Boone bridge I-5 Railroad bridge 


150m 


- Tag = 6 sec PRI 
- Flow = 10 ft/sec  
- 18 pulses 


130m 







Portland Overview 
Broadway 


560m 


260m 


240m 


580m 


260m 


- Tag = 6 sec PRI 
- Flow = 10 ft/sec  
- 15 pulses 


Steel 


Burnside 







Low Flow 


Detection 
 Range 
Salem 


06/05/2013 - 13,100 cfs 


300m 


12/17/2013 - 15,100 cfs 
01/16/2014 - 25,500 cfs 


High Flow ? 


* 


+ 







Detection Probabilities, Spring 
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Fall
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Detection Probabilities, Fall 


Gov. Shut down 


 10 sec. pulse rate 







Travel 
Time 


Passage to Minto = 11 rkm 
 


Minto to Portland = 240.9 rkm 







Portland 
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Detroit 


Travel Rate 







Portland 


Wilsonville 


Salem 


Minto 


Big Cliff 


Detroit 


Survival ?? 
-    Survival was NOT an objective for 2013 
- However, high detection probabilities  
      allowed us to produce reasonable estimates 
 
Caveats 


 
 


 


- Sample size is not optimized for survival 
- No controls, so single-release estimates only 
- No “dead-fish” to quantify false positives 
- Sources of mortality below the dam  
        are unknown 







Single-Release Survival, Spring 2013 
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Single-Release Survival, Fall 2013 







-    Travel Rates and Travel Times are what we would expect 
- Faster in the upper reaches  
- Slow in the lower reaches 


Summary 
-     2013 methods for monitoring look good 


- Detection probability very high 
- High number of detections on multiple hydrophones 


-     Cumulative single – release survival estimates  
- Higher mortality from passage to Minto 
- Lower mortality from Minto to Portland 


-     2014 – 2015 
- Detection probabilities will meet paired-release  
     survival objectives in 2014 
- Deployment methods still need to stand up to the  
     test of high flows 







Questions 







Detection Probabilities  
Simulated 12 & 18-s Pulse Rates 
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Travel Rate 
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Hydroacoustic Evaluation of Juvenile Salmonid Passage 
at Foster Dam, 2013-2014 
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Presentation Outline 
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Background 
Objectives 
Methods 
Results 


Juvenile-Sized Targets 
Adult-Sized Targets 


Continued Monitoring 
Summary 
Management Implications 


Foster Dam (FOS) 


 
 







Background 
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Basic information characterizing juvenile salmonid passage efficiencies, 
temporal and spatial distributions, behaviors and movement patterns is 
needed to design long-term passage solutions at FOS. 


 
In 1983, the USACE and ODFW developed spillway operations for 
juvenile salmonid passage at FOS by installing a notched stop log at 
elevation 616 ft. at Spill Bay 4  


Recent improvements include the ability to operate the fish weir at 
elevation 635 ft. 
Fish weir operation is intended to decrease the percentage of fish 
that pass via the powerhouse and increase spill passage, thereby 
benefiting downstream migrating salmonids 







Objectives 


4 


1.  For juvenile-sized acoustic targets, estimate: 
Total and route-specific passage by season 


Spring (April – May) 
Summer (June – September) 
Fall (October – November + December) 


Diel passage and vertical distribution in the near forebay 
Passage distributions during the summer fish weir test 


 
2.  For adult-sized acoustic targets, estimate: 


Total and route-specific passage 
Spring 2013 and 2014 
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Fixed-aspect Hydroacoustics 
Eight 420-kHz split-beam transducers were deployed to sample fish at 
penstock intakes, spill bays, and the fish weir in Spill Bay 4 (blue) 
One single-beam transducer deployed to sample vertical distribution 
of acoustic targets in forebay (yellow) 


 


Methods 
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Penstocks 
 


Methods Cont’d 


Spill Bays 2 and 3 
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Methods Cont’d 


Spill Bay 4 – Fish Weir 


El. 635 ft. 


El. 616 ft. 







Results: 
Temperature and Forebay Elevation 
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Spring Summer Fall 
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Operations 
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Operations - Weir 


Spring  
616 ft.  April 11 – April 31 
635 ft.  May 7 – May 31  


data collection from May 21 – May 31  
 


Summer 
635 ft. June 1 – September 26, 2013 
 


Fall 
616 ft. October 18 – December 31 
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Preliminary Passage Estimates: 
Juvenile-Sized Fish Targets 


Total Project 
 


12/4 – 24,930 
12/6 – 13,276 
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Juvenile-Sized Fish Targets 


Passage Estimate  
(½ 95% CI) 


  Turbine 


Unit 1 106,934   ± 1,061 


Unit 2 10,683   ± 380  


  Spill Bays 2 & 3 28,651  ± 833  


  Weir 616 ft. 3,485  ± 175 


  Weir 635 ft. 3,448  ± 94  


  Total Project 153,201  ± 2,543  


Total Project Passage  
April 1 – December 31, 2013 
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Juvenile-Sized Fish Targets 


Spring  (April – May) 
Fish weir operation 


616 ft. from April 11 – 30th 
635 ft. from May 7-31st; Data collection began on May 21st  


 


7,567 







14 


Juvenile-Sized Fish Targets 


Passage Estimate  
(½ 95% CI) 


Days 
Operated Fish/Day 


  Turbine 


Unit 1 30,026   ± 476  74.1 405 


Unit 2 2,927   ± 142  59.3 49 


  Spill Bays 2 & 3 4,754  ±  366  18 264 


  Weir 616 ft. 2,189  ± 119 18.7 117 


  Weir 635 ft. 530  ± 28  10.6 50 


  Spring Total Passage 40,426  ± 1,130  


Spring  (April – May) 
Fish weir operation 


616 ft. from April 11 – 30th 
635 ft. from May 7-31st; Data collection began on May 21st  
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Juvenile-Sized Fish Targets 


Summer (June – September) 
Fish Weir Passage Test (June 1 – September 26th) 


635 ft. weir elevation 
4 day blocks 


2 days turbine only 
2 days turbine + weir 
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Juvenile-Sized Fish Targets 


Passage Estimate  
(½ 95% CI) 


Days 
Operated Fish/Day 


  Turbine 


Unit 1 1,174  ± 69  103.8 11 


Unit 2 324   ± 49  36.1 9 


  Spill Bays 2 & 3 - - - 


  Weir 616 ft. - -  - 


  Weir 635 ft. 2,918  ± 66  57.4 51 


       Total Passage 4,416  ± 184  


Summer (June – September 26th) 
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Juvenile-Sized Fish Targets 


Summer Fish Weir Passage Test 
 (June 1 – September 26th) 
635 ft. weir elevation 
4 day blocks 


2 days turbine only 
2 days turbine + weir 


Treatment 
Passage 
Estimate  


(½ 95% CI) 


Days 
Operated Fish/Day 


  T + W 


Turbine Passage 571   ± 28  57 10 


Weir Passage 2,904   ± 57  57 51 


  T 


  Turbine Passage 871   ± 38  60 15 
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Juvenile-Sized Fish Targets 


Summer Fish Weir Passage Test 
(June 1 – September 26th) 


Treatment 
Passage 
Estimate  


(½ 95% CI) 
Efficiency Effectiveness Mean 


KCFS/Day 


  T + W 


Turbine Passage 571   ± 28  0.97 


Weir Passage 2,904   ± 57  0.66 10.3 0.12 


  T 


  Turbine Passage 871   ± 38  1.03 


Effectiveness = 
 
 


% passage 
% flow 


 
 


Efficiency = 
 
 


Route Total Passage 
Project Total Passage 
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Juvenile-Sized Fish Targets 


Fall  (October-November + December) 
Fish weir operated at the 616 ft. from October 18 – December 31 
almost continuously 


24,930 
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Juvenile-Sized Fish Targets 


Passage Estimate  
(½ 95% CI) 


Days 
Operated Fish/Day 


  Turbine 


Unit 1 70,801   ± 395  89.6 1,261 


Unit 2 7,187   ± 176  78.8 124 


  Spill Bays 2 & 3 22,936  ± 364  28.5 1,448 


  Weir 616 Ft. 1,296 ± 56 70.8 27 


  Weir 635 Ft. - - - 


Fall Total Passage 102,220  ± 991  


Fall  (October-November + December) 
Fish weir operated at the 616 ft. from October 18 – December 31 
almost continuously 







21 


635 ft El. 


616 ft El. 


Spring Summer Fall 


Vertical Distribution 


Penstock Centerline 
Elevation  


De
pt


h 
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) 


Proportion of Fish 
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Preliminary Passage Estimates: 
Adult-Sized Fish Targets 


Spring  (April – May) 
Fish weir operation 


616 ft.  from April 11 – 30th 
635 ft. from May 7-31st; data collection began on May 21st  
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Preliminary Passage Estimates: 
Adult-Sized Fish Targets 


Passage 
Estimate  


(½ 95% CI) 
Fish/Day Effectiveness Efficiency 


  Turbine 


Unit 1 8   ± 5  0.1 


Unit 2 15   ± 7  0.2 


  Spill Bays 2 & 3 66  ± 28  3.6 


  Weir 616 ft. 126 ± 50 6.8 11.5 0.54 


  Weir 635 ft. 18 ± 6 1.7 1.7 0.08 


233  ± 96  


Spring  (April – May) 
Fish weir operation 


616 ft.  from April 11 – 30th 
635 ft. from May 7-31st; data collection began on May 21st  
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Continued Monitoring 


Data collection to continue through May 31, 2014 
Weir operated at 616 ft. first part of January 2014 
Plans for spring weir operation (April – May 2014) 


Both juvenile and adult passage estimates 
 


Further analysis of fish and environmental relationships 
 


Reporting in summer of 2014 
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Summary 


Juvenile-Sized Targets 
Passage peaks occurred in April, October, and December.   
Penstock 1 passed a much larger proportion of fish than any other route 
at during the spring and fall passage seasons. 
During the summer fish weir test, the weir was very effective at passing 
juvenile-sized fish targets (effectiveness = 10.3). 
 


Adult-Sized Targets  (April-May) 
The majority of adult-sized targets passed via the spillway (weir or spill 
bays) while very few passed the turbine units (<10%) 
The weir at elevation 616 ft. was very effective at passing kelt-sized 
targets in early spring (effectiveness = 11.5). 
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Management Implications 


Extremely high proportions of juvenile-sized fish targets passing the 
turbine units in spring and fall (periods of low pool) indicate a need for 
further investigation of operational and/or structural modifications at 
Foster Dam to improve fish passage. 
The effectiveness of the fish weir at passing juvenile-sized targets in 
summer (635 ft.) indicates a need to consider continuing summer weir 
operations in the future.   
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Questions? 
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Genetic pedigree analysis of spring 
Chinook salmon reintroduced above 


Foster Dam, South Santiam River 
 


Melissa Evans, Kathleen O’Malley, Marc Johnson, Michael 
Banks, Dave Jacobson, and Michael Hogansen 







Foster Dam and Chinook salmon 











Objectives 
1. Using genetic parentage analysis, estimate the 


fitness of spring Chinook salmon reintroduced 
above Foster Dam 
 


2. Examine the efficacy of reintroducing salmon 
of hatchery (HOR) compared to natural origin 
(NOR), at different times/locations 
 


3. Investigate whether salmon reintroduced 
above the dam are contributing to the below 
dam population 
 







Year HOR NOR 


2007   403* 0 


2008 527 163 


2009 0 445 


2010 0 730 


2011 0 1222 


2012 0 1047 


Reintroductions Above Foster Dam 


* 64% of outplants genetically sampled 











Genetic Parentage Assignment 


1. 11 polymorphic 
microsatellite markers 
• Non-exclusion probability for 


parent pair = 4.6×10-17 


 


2. Maximum likelihood 
(ML) approach for 
parentage assignment 
• CERVUS: ML parent-offspring 


assignment 
• COLONY: ML kinship 


reconstruction 


 
 


Mom 


Dad 


Kid 


Kid 







Progeny of Salmon Reintroduced 
Above Foster Dam 


7% 


34% 
73% 







Fitness of Reintroduced Salmon: 2007 







Fitness of Reintroduced Salmon: 2007 


• 60% (153/254) of salmon produced at 
least one adult offspring 


• TLF = 2.8±5.4 offspring 
• Cohort replacement rate = 0.95 (119 


adult female offspring / 125 female 
parents) 







Fitness of Reintroduced Salmon: 2007 


• 60% (153/254) of salmon produced at 
least one adult offspring 


• TLF = 2.8±5.4 offspring 
• Cohort replacement rate = 0.95 (119 


adult female offspring / 125 female 
parents) 


  P Parameter (β) 
Sex    0.002 Female (-0.31)  


Date < 0.001 Sept 21 > Sept 11 (1.39) 







Fitness of Reintroduced Salmon: 2008 







• 35% of salmon produced at least one 3-or 4- 
year old adult offspring 


Fitness of Reintroduced Salmon: 2008 







• 35% of outplants produced at least one 3-or 
4- year old adult offspring 


  P Parameter (β) 


Sex  < 0.001 Female (0.31) 


Date    0.036 Oct. 1 > Sept. 25 (0.67) 


Origin    0.728   


Fitness of Reintroduced Salmon: 2008 







Fitness of Reintroduced Salmon: 2009 







• 12% of salmon produced at least one 3-year 
old adult offspring 


Fitness of Reintroduced Salmon: 2009 







• 12% of outplants produced at least one 3-
year old adult offspring 


  P 
Sex 0.442 


Date 0.422 


Location 0.439 


Fitness of Reintroduced Salmon: 2009 







Parentage of Chinook Below Dam 


Genotyped 113 samples collected  
from carcasses (2011 & 2012) 







Parentage of Chinook Below Dam 


10% (11/113) were progeny of  
above dam spawners (2007 & 2008) 







Summary 
1. Seven percent, 34%, and 73% of salmon reintroduced 


above Foster Dam during 2010, 2011, and 2012, 
respectively, and 10% of salmon sampled below dam, 
were the progeny of 2007-2009 reintroduced salmon. 
 


2. Total lifetime fitness for the 2007 cohort averaged 2.8±5.4 
offspring, range: 0-38, adult offspring returning to the 
South Santiam. 
 


3. Females achieved lower and higher fitness than males in 
2007 and 2008, respectively; later reintroduction dates 
possibly associated with higher fitness. 
 


4. No evidence to date of an effect of origin (HOR and NOR) 
on the fitness of Chinook reintroduced the dam in 2008. 







Future Research 
1. Parentage assignment for 2013 cohort 


− Facilitate estimates of total lifetime fitness and cohort 
replacement rate for HOR and NOR salmon reintroduced 
above Foster in 2008 
 


2. Continued collaborations with ODFW on carcass 
sampling of below dam salmon 
− Increase accuracy of fitness estimates and provide insight 


into possible source-sink dynamics between above and below 
dam populations 


 
3. Analysis of MHC immune gene diversity in 


reintroduced salmon 
− Possible factor impacting fitness 
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Ecological Interactions between Hatchery 
Summer Steelhead and Wild 
Oncorhynchus mykiss in the Willamette 
Basin 


Geoffrey McMichael, Ryan Harnish, Amanda Hanson, and Chris Vernon 


 


1 







Outline 


2 


Background 
Objectives 
Methods 
Results 
Conclusions 
Future directions 







Background 
Winter steelhead in the upper Willamette River Basin are 
listed as ‘threatened’ and long term trends are negative. 
Summer steelhead are released in the upper Willamette 
Basin to support recreational angling. 
Many contributing factors 


Summer steelhead not native to the upper Willamette Basin 
Biological Review Team ‘remained concerned’ that releases 
of non-native hatchery summer steelhead continue in the 
basin (NOAA 2006) 


U.S. Army Corps of Engineers, Portland District funded 
PNNL in 2013 to examine the effects of hatchery releases 
on wild O. mykiss in the South Santiam River 
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Objectives 


Determine the spatial and temporal distribution of summer 
steelhead released as smolts 
Determine whether release practices (volitional vs off-
station) affect distribution 
Characterize behavioral interactions between hatchery 
summer steelhead and naturally produced O. mykiss   
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Methods – Radio Telemetry 
Objectives 1 and 2 – post-release distribution, release 
type comparison 


Radio Telemetry 
Tagged 200 fish with 4 g (in air) radio tags in two groups 


100 volitional release (April 4 – 25, 2013)* 
100 off-station release (Pleasant Valley; April 4, 2013) 


Used data through 10/18/2013 from 11 fixed station receivers 
operated by University of Idaho 
In-season mobile tracking (road) – ODFW and PNNL 


 


5 * 28 did not leave raceway in 21 days 







Radio Telemetry Receiver Sites 
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Operated by the University of Idaho 







Methods – Direct Observations 


Objective 2 – Behavioral interactions 
Snorkeling 


Direct observations of behavioral interactions between and 
among residual hatchery fish and naturally-produced fish 


Wiley Creek, Waterloo Park, McDowell Cr. Bridge = treatment 
sites 
Riverbend CG = reference site (no HSH) 


Interaction Data 
Origin and size of fish, who initiated 
Interaction type(s) 


Threat 
Crowd 
Chase 
Nip 
Butt 


Outcome (displacement?) 


 7 







Water Conditions - 2013 


8 







Results - Spatial distribution near release 
sites 


Most fish were last detected in the South Santiam River 
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Reach From  To  
Percent of Volitional 


Fish  
Percent of Direct Off-


Station Fish  
1 Below SSF SSF 47% 24% 
2 SSF  SSH 3% 3% 
3 SSH PLV 1% 5% 
4 PLV SST 3% 24% 
5 SST STM 4% 5% 
6 STM WL3 1% 1% 
7 WL3 WL2 7% 4% 
8 WL2 WL1 6% 5% 
9 WL1 WFU 1% 2% 


10 WFU WFF 0% 0% 
11 WFF WLL 0% 0% 
12 WLL 1WF 0% 1% 
13 1WF WFD 26% 26% 
          







Low migration rates 
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Emigration 
Status 


Release 
Group 


Movement Rate (rkm/day) 


Median Mean SD Min Max 


Emigrants Off-Station 6.04 6.49 2.06 1.42 11.19 


  Volitional 5.76 6.14 1.75 3.96 9.42 
Non-
emigrants Off-Station 0.04 0.11 0.29 0.03 1.47 


  Volitional 0.08 1.30 2.40 0.01 11.85 


              







Low migration success 


Similar proportions of volitional and off-station released 
fish (26-27%) were detected at/near Willamette Falls 
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Release type did not affect emigration 
success 


Variable Group N Migration Prob. 
(SE) 


χ2 P 


Release 
type 


Off-
station 


100 0.27 (0.04) 
0.01 0.929 


Volitional 72 0.26 (0.05) 
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Fish with lower condition factors were more 
likely to emigrate successfully 
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Residual hatchery steelhead were larger than 
naturally-produced O. mykiss 
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Late April 


Early June 


Mid July 







Hatchery fish typically dominated wild fish 


In 83% of contests observed between HSH and NPOM, 
HSH dominated and displaced NPOM 
Few interactions observed in reference site (no HSH) 
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Interaction Type 


Treatment Reference 


N Percent N Percent 


Threat 7 14%   0 0% 
Chase 16 31%   2 67% 


Crowd 24 47%   1 33% 
Nip 3 6%   0 0% 
Butt 1 2%   0 0% 
Total 51     3   







Conclusions 


Most of the radio-tagged fish stayed in the South Santiam 
River  


Tagging may have influenced behavior 
Release type did not influence emigration success 
Fish with lower condition factor were more likely to 
emigrate 
Residual hatchery steelhead were present in all treatment 
sites snorkeled through mid-July 
Hatchery steelhead typically initiated interactions and 
dominated/displaced naturally-produced O. mykiss 
The high overlap in space for an extended period 
indicates the potential for negative ecological interactions 
is relatively high 
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Future Directions 


2014 
Repeat RT work with smaller tags/earlier tagging 
Focus snorkeling on residual period (>30 d after release) 


Possible future experiments 
Reduced rations in last month to decrease condition 
factor 
Different methods for sorting out migratory fish from non-
migratory fish 
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