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INTRODUCTION 
Springhill Pumping Plant (SHPP) was built in 1977 in Northwest Oregon by the U.S. 

Bureau of Reclamation (Reclamation) to supply water to the Tualatin Valley Irrigation District 
(TVID) and the Joint Water Commission (JWC) drinking water treatment plant. The facility 
continues to be owned by Reclamation, and the JWC has an easement agreement to utilize two of 
the six pumping bays, but does not own any portion of the plant itself or associated facilities. The 
JWC consists of the Cities of Hillsboro, Forest Grove, and Beaverton, and the Tualatin Valley 
Water District.  

Though generally thought to be a low risk to aquatic species, the Oregon Department of 
Fish and Wildlife (ODFW) regards entrainment of fish at SHPP as an uncertainty for water 
management effects on fisheries in the Willamette Basin. Specific species of interest include 
Pacific lamprey (Entosphenus tridentatus), resident rainbow trout (Oncorhynchus mykiss), 
cutthroat trout (O. clarkii), coho salmon (O. kisutch), and fall Chinook salmon (O. tshawytscha). 
Upper Willamette Basin winter steelhead (anadromous rainbow trout) and spring Chinook 
salmon (O. tshawytscha), are both listed as threatened under the Endangered Species Act (ESA) 
and are also presumed to be at risk. However, Upper Willamette Basin west-side tributaries, 
including the Tualatin River, have been designated as a steelhead “population sink1” (Meyers et 
al. 2006) due to intermittent use by stray steelhead and the lack of a self-sustaining population. 
Similarly, Tualatin River spring Chinook salmon are not considered to occur in self-sustaining 
numbers.  

Although the Tualatin River does not sustain large populations of ESA-listed fish, the 
periodic presence of juvenile steelhead near SHPP is probable. The National Marine Fisheries 
Service (NMFS), the federal agency responsible for protection of ESA-listed anadromous 
species, requires fish screen openings to have a maximum size of 3/32-inch (2.38 mm) and 
approach velocities less than 0.40 feet/second (0.12 m/sec). JWC fish screens have 0.14 inch 
(3.556 mm) openings and, prior to this assessment, approach velocities were unmeasured. 

To assess possible fish entrainment at SHPP, ODFW conducted a radio telemetry study 
with juvenile hatchery steelhead in the intake channel adjacent to the pumping plant in 2000. 
Steelhead exited the intake channel unharmed and no entrainment occurred (Leader and Ward 
2000). A similar study by Courter et al (2011) demonstrated that migrating juvenile steelhead 
were not vulnerable to entrainment. With these studies, NMFS and ODFW determined that the 
lack of evidence for ESA-listed salmonid entrainment did not warrant fish screen replacement. A 
biological opinion issued in October 2014 concluded that operations of the SHPP were not likely 
to jeopardize the continued existence of UWR Chinook salmon or UWR steelhead, and an 
incidental take statement for SHPP operations was provided. However, ODFW remained 
interested in other non-listed species including coho salmon, rainbow trout, and cutthroat trout 
known to be seasonally present within the intake channel (Courter et al. 2011). 

                                                
1	In biology, “source” and “sink” populations are terms used to describe subcomponents of a metapopulation whose 
contribution results in a net increase (source) or decrease (sink) in numbers of individuals surviving to reproduce. 
Sink populations detract from the total number of individuals in a population due to poor reproductive success, or 
poor survival of offspring. 
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The Barney Reservoir Joint Ownership Commission (BRJOC) and the JWC hold 
multiple water rights that allow the diversion of water at the SHPP. The BRJOC currently holds 
a “secondary” water right that authorizes the diversion of stored water from Barney Reservoir at 
a rate up to 38.7 cfs for municipal use by the JWC partner agencies. In 2016, the BRJOC 
submitted a new “secondary” water use permit application (Application S-88492) to the Oregon 
Water Resources Department (OWRD) to appropriate stored water from Barney Reservoir for 
municipal purposes. The application requested a rate of diversion of up to 30 cfs at the SHPP, 
which would allow BRJOC to divert stored water at a total rate of 68.7 cfs, but did not request a 
change in the total volume of stored water it can appropriate.  

As part of the permit application review process, OWRD refers application to ODFW for 
comments on impacts to fish. As part of its review, ODFW can recommend that OWRD place 
conditions on the water use permit, including conditions related to fish screening. In anticipation 
of the ODFW review, BRJOC and JWC staff contacted ODFW about Application S-88492 and 
the agency’s anticipated recommended conditions. In response, ODFW expressed potential 
concern regarding the existing fish screens at JWC pumping bays within the SHPP. In an effort 
to resolve these concerns, the BRJOC and JWC suggested conducting a study of fish in the 
SHPP intake channel. ODFW identified three fisheries issues to be addressed during the study:  

1. What are the composition and demographics of fish game species (coho salmon, rainbow 
trout/steelhead, cutthroat trout, etc.) and lamprey present in the SHPP intake channel? 

2. What is the probability that juvenile salmonids (<100 mm) in the intake channel will be 
entrained in pumping bays 1 and 2 and under what conditions is entrainment most likely to 
occur? 

3. How do water diversion rates affect velocity conditions near the travelling screens in front 
of the JWC’s pumps? 

To address these questions, Mount Hood Environmental (1) sampled fish in the intake 
channel using a beach seine, fyke trap, minnow traps, and intermittent boat electrofishing for one 
year; (2) installed a juvenile fish trap inside the SHPP to capture salmonids entrained in the 
facility and released marked hatchery-origin coho fry in the intake channel; and (3) coordinated 
with ODFW to measure approach velocities in front of the fish screens to document areas that 
may exceed the swimming ability of juvenile salmonids. 

 

METHODS 
SITE DESCRIPTION 

The Tualatin River drains an 1,840 km2 area on the west side of the Willamette Basin in 
northwest Oregon and is extensively used for domestic, industrial, and agriculture water as well 
as for municipal and industrial wastewater treatment (Rounds 2002). SHPP is located on a small 
backwater slough of the Tualatin River at river kilometer (RKM) 90.3, approximately five 
kilometers south of Forest Grove, Oregon (Figure 1). Fish diversity in the Tualatin River Basin 
includes western brook (Lampetra planeri) and Pacific lamprey (E. tridentatus), coho (O. 
kisutch) and fall Chinook salmon (O. tshawytscha), rainbow (O. mykiss) and cutthroat trout (O. 
clarkii), redside shiner (Richardsonius balteatus), speckled dace (Rhinichthys osculus), northern 
pikeminnow (Ptychocheilus oregonensis), fathead minnow (Pimephales promelas), largescale 
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sucker (Catostomus macrocheilus), yellow (Ameiurus natalis) and brown bullhead (A. 
nebulosus), mosquitofish (Gambusia affinis), threespine stickleback (Gasterosteus aculeatus), 
largemouth bass (Micropterus salmoides), bluegill (Lepomis macrochirus), pumpkinseed (L. 
gibbosus), warmouth (L. gulosus), black (Pomoxis nigromaculatus) and white crappie (P. 
annularis), yellow perch (Perca flavescens) and reticulate (Cottus perplexus), prickly (C. asper) 
and torrent (C. rhotheus) sculpin (Friesen and Ward 1996). 

Various sampling methods were implemented to determine the composition and 
demographics of fish in the SHPP intake channel. Minimal impacts on fish species were 
anticipated, however, due to the nature of the sampling methods implemented in this study, state 
and Federal permits were filed and approved prior to sampling. The permits included a scientific 
take permit (Oregon Department of Fish and Wildlife) and a Scientific Research Permit 
(National Marine Fisheries Service). These permits authorized a limited incidental take of 
various freshwater species, including salmonids listed under the Endangered Species Act.   

 

 
Figure 1. Location of the Springhill Pumping Plant on the Tualatin River, Oregon. 
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MONITORING SPECIES USE OF INTAKE CHANNEL 
To examine species composition and temporal use of the SHPP intake channel, four 

different sampling techniques were used to maximize detection of fish of differing sizes and 
habitat associations. Fyke and minnow trapping, beach seining, and boat electrofishing occurred 
from July 2017 to July 2018 (Figure 2, Table 1).  

A total of ten fyke-trapping events occurred between September 2017 and July 2018. The 
fyke trap was deployed at the mouth of the intake channel, spanning the entire channel width 
(Figure 2). The fyke trap box measured 1.8 m tall x 1.8 m wide x 6.1 m in length and was 
supported by two wings, each 8.2 m long, that were anchored to each shore using fence posts or 
aluminum bars. Lead lines ran along the bottom of the trap to ensure the trap sat on the bottom of 
the channel. The anterior surface of the trap was equipped with floats to ensure fish were unable 
to swim over the top of the trap. Fyke trapping events lasted 3-5 days, depending on flow 
conditions and was checked daily to minimize mortality. Fish were placed in a holding tank 
where they were identified, enumerated, and their lengths were measured2. After data was 
recorded, captured fish were released downstream, behind the fyke trap, to minimize recaptures. 

Fourteen minnow trap events were conducted between September 2017 and July 2018. 
Events occurred monthly during summer and fall and often coincided with fyke trapping events. 
The galvanized metal traps measured 44 cm long by 23 cm wide with 0.32 cm mesh. Clay brick 
anchors were used to secure the traps in place and a combination of thin metal cabling and light 
nylon cord secured the traps to bankside vegetation and kept them suspended above the channel 
bed. Four traps were placed in the intake channel (Figure 2) and checked periodically after 
deployment. Captured fish were identified, enumerated, measured before releasing them back 
into the intake channel. 

Ten seining events were conducted in the SHPP intake channel once monthly from 
August 2017 through January 2018 and opportunistically when high flows precluded weir trap 
sampling in the facility or fyke-trap sampling in the intake channel. Seines of different lengths 
were used depending on the sampling location and channel conditions; one measuring 7.6 m long 
by 2.4 m deep and the other measuring 24.4 m long by 2.4 m deep. Both seines had a mesh size 
of 1.6 mm. At least three locations were sampled during each event, however, multiple sweeps 
with the net occurred at a single location when the net was impeded by underwater debris or if a 
large number of target species were captured during the first pass. Sampling locations were 
chosen based on intake channel conditions and had to be deep enough to provide cover for fish, 
free of in-channel obstructions that could damage the seine, and have adequate bankside access. 
Fish captured in nets were identified, enumerated, and their lengths measured before releasing 
back into the intake channel.  

Four raft electrofishing events were conducted during the summer (2017) and spring 
(2018) using a boat electrofisher mounted to a small inflatable raft and powered by a 1600 watt 
generator.  Spring sampling, including electrofishing, commenced in April of 2018 following 
permit issuance, coinciding with the beginning of the juvenile outmigration period (steelhead, 
coho, and spring Chinook). Temperature was measured and recorded periodically during each 
sampling event to ensure sampling was conducted within NMFS temperature thresholds (NMFS 
                                                
2	Fish length was measured from the tip of their snout to the end of the middle caudal fin rays (“fork length”), as is 
common practice when measuring fish with forked tails. 	
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2000). Sampling occurred along the margins of the intake channel moving up one bank to the 
mouth of the intake channel then back to the pumping bays along the opposite bank, forming a 
full loop (Figure 2). Stunned fish were captured using a dip-net and held in 5-gallon buckets 
equipped with aerators. To maintain safe holding conditions, large and small fish were placed in 
separate buckets and routinely monitored. Fish were identified, enumerated, and measured before 
being released near the mouth of the channel. A total of two full passes were completed during 
each electrofishing event. 

In addition to sampling species assemblages in the intake channel, temperature, 
discharge, and JWC pumping rates were continuously monitored. Temperature was monitored at 
15-minute intervals over the course of the study using a data logger (Onset HOBO Water 
Temperature Pro v2). Tualatin River discharge was obtained from a USGS gauge (14203500) 
located near Dilley, Oregon at RKM 94.6. Pumping rates for the SHPP were obtained from the 
JWC. 

 
Figure 2. SHPP intake channel map and sampling locations. Marked hatchery coho salmon fry 
release locations are indicated in red.  
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Table 1. Intake channel sampling events, July 2017-July 2018  

Sampling Method Total Events 
Sampling Dates 

2017 2018 

 

Boat Electrofishing 

 

4 

 

7/21, 9/28 

 

1/17, 4/27 

Fyke Trapping 7 9/29 4/9, 4/20, 4/23, 5/16, 
5/22, 6/12 

Minnow Trapping 12 9/26, 12/14 2/23, 4/9, 4/16, 4/23, 
5/18, 5/23, 6/4, 6/12, 

7/17 - 7/20, 7/23 - 
7/27 

Beach Seine 13 8/29, 9/29, 10/31, 
11/28, 12/14 

1/17, 4/9, 4/16, 4/23, 
5/21, 6/4, 7/17 - 7/20, 

7/23 - 7/27 

 

 

ENTRAINMENT MONITORING 
To evaluate entrainment at the JWC pumping bays within the SHPP, marked juvenile 

coho salmon were released at three sites in the intake channel and recaptured with a custom-built 
fish trap inside the JWC’s pumping bays, behind the existing fish screens (Figure 3; Appendix 
A). The trap consisted of two aluminum weirs blocking pumping bays 1 and 2. One weir was 
equipped with an orifice covered by a 1.6 mm nylon mesh net bag designed to capture entrained 
fish and the other with a cover made of solid aluminum, designed to seal off the orifice thereby 
forcing flow through the weir with the net bag. The net bag and the orifice cover were held in 
place by aluminum channels attached to the backside of the weir. To reduce the amount of 
pressure exerted on the net bag during high pumping rates, an orifice cover was designed to be 
raised to allow some water through the orifice. However, the orifice cover remained completely 
closed during all fry trapping events. When water levels exceeding 4.6 m in the pumping bays 
the trap could not be operated because water level was higher than the tops of the weirs. 
Consequently, water height within the facility was monitored daily to assess conditions for 
release events. Trapping began in late February when hatchery-origin coho salmon fry became 
available. A total of five hatchery coho fry releases occurred from February 20th – May 8th, 
2018 (Table 2) across a range of JWC pumping rates (Figure 4). Each trapping event was five 
days long with the exception of the second trapping event, which lasted three days due to high 
flow conditions.  

During each trapping event, over 1,000 coho salmon fry were obtained from the Sandy 
River National Fish Hatchery and marked with Bismarck Brown Y dye to distinguish them as 
study fish. Fry were also separated into two treatment groups and a control group (Table 2, 
Figure 2), each receiving a unique fin clip. Lengths of the first 100 study fish from each release 



 

	 7 

group were recorded before being transferred to flow-through recovery troughs where they rested 
for 24-hours prior to transport and release. Fish were transported from the hatchery to SHPP in 
aerated watertight containers. Transportation from the hatchery to SHPP typically lasted between 
2-3 hours and temperature and dissolved oxygen were routinely monitored throughout transport. 
Once onsite, fish were acclimated to the intake channel conditions by slowly exchanging water 
from the intake channel with transport water for approximately 30 minutes. After acclimation, 
mortalities were removed and recorded to adjust the total number of released fish.  

Group A was released at the mouth of the intake channel, Group B was released near the 
front of the pumping facility, and Group C was released inside the facility directly behind the 
rotating fish screens but in front of the weir trap. Group C was used as a control to assess the 
capture efficiency of the weir trap. The acclimated fish from Group A and Group B were loaded 
into an inflatable raft and released at their respective location by slowly dipping the container 
under the water and angling it horizontal to the water until fish swam out volitionally. Each 
release site was observed for approximately 15 minutes to remove and record any fish that 
appeared to be in poor condition.  

The weir trap was monitored daily by removing the net bag using an electronic chain 
hoist and thoroughly emptying the contents of the bag into a collection basin. The bag was then 
lowered back into place, fully sealing the orifice. Debris on the rotating fish screens and trash 
racks for bay 1 and 2 were also sorted. All captured fish were identified, measured for length, 
and enumerated. Marked hatchery coho were transported to MHE facilities and euthanized; all 
other captures were returned to the intake channel. Following the second fry release, additional 
capture methods were employed inside the facility to increase capture efficiency. This included 
the use of dip-nets and minnow traps. Fish captured using these methods were processed using 
the same protocol as those captured in the weir trap. 

To estimate entrainment, we calculated the number of marked hatchery-origin coho 
captured in the net bag, by dip netting, or in minnow traps inside pumping bay 1, as well as fish 
impinged on pumping bay 1 fish screens and trash racks, (Equation 1, Carlson et al. 1998) and 
the associated variance (Equation 2, Carlson et al. 1998), then divided by the number of released 
fish from each treatment group and event. This calculation accounts for trapping efficiency by 
treating the control fish (group C) as “marked fish” and the treatment fish (groups A & B) as 
“unmarked fish”. 
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Equation 1:  

 

!! =  !!(!! +  1)
!! + 1

 

Where: 

!!  = Estimated number of treatment fish (group A or B) entrained within the 
facility during the ith event 
!!= Number of treatment fish (group A or B) captured in the net bag, minnow 
traps, and via dipnet within the facility, as well as fish impinged on pumping 
bay 1 fish screens and trash racks, during the ith event 
!!= Number of control fish (group C) released inside the facility during the ith 
event 
!! = Number of control fish (group C) captured inside the facility during the ith 
event 
 

 

Equation 2:  

 

! !! =
(!! +  1) !! +!! + 1 (!! −!!)!!

!! +  1 !(!! + 2)
 

Where:  

! !! = Variance in estimated entrained fish 
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Figure 3. Weir trap, orifice cover, and net bag design (top). Location of weir trap in pumping 
bays 1 and 2 inside SHPP (bottom). 

 

Table 2.  Number of marked hatchery coho salmon fry released at three SHPP locations. 

Release 
Event 

Release 
Date  

Intake Channel 
Mouth  

(Group A) 

In Front of 
SHPP  

(Group B) 

Inside 
Pumping Bay 1 

(Group C) 
Total 

1 2/20/2018 506 505 - 1,011 

2 3/6/2018 503 495 255 1,253 

3 4/1/2018 500 502 88 1,090 

4 4/29/2018 507 510 221 1,238 

5 5/8/2018 518 517 319 1,354 
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Figure 4. JWC’s average daily withdrawal rates (cubic feet per second) at SHPP between 
January 1 and June 1, 2018 (black line) and timing of hatchery coho fry entrainment monitoring 
events (gray boxes).  
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FACILITY APPROACH VELOCITIES 
On May 2, 2018, ODFW’s Fish Screens and Passage program used an inflatable raft and 

an acoustic Doppler Velocimeter (SonTek Flow Tracker 2) to measure approach velocities at the 
screen face of pumping bay 1 under four different pumping scenarios (Table 3). The screen 
measured approximately 3.3 m across and the water depth was approximately 3.7 m deep. Weir 
panels were in place during velocity measurements. Velocity measurement locations were 
delineated by splitting the screen into six horizontal sections and five vertical sections (30 total 
per scenario) and recorded as the mean after 20 seconds. The four water withdrawal scenarios 
were: Scenario 1 - 40 million gallons per day (mgd); Scenario 2 -  simulated 80 mgd; Scenario 3 
- simulated 60 mgd; and, Scenario 4 - 30 mgd (Table 3). These withdrawal scenarios mimic 
average daily (30-40 mgd), maximum daily (60 mgd) and potential future maximum daily (80 
mgd) withdrawal rates by the JWC. Scenarios 1 and 4 were evaluated while the orifice cover was 
removed on bay 2 during actual pumping rates of 40 and 30 mgd, respectively. Scenarios 2 and 3 
were conducted with the orifice cover in place during actual pumping rates of 40 and 30 mgd, 
thereby generating velocities through pumping bay 1 expected to occur at 80 and 60 mgd under 
normal operations, respectively. The rotating fish screens were cleaned between scenarios to 
reduce the number of potential hot spots or areas of artificially high approach velocities caused 
by debris buildup on the screen face.  

In addition to documenting approach velocities directly in front of the rotating fish 
screens, velocity was periodically measured in the intake channel along a fixed transect, 
perpendicular to the intake channel (Figure 2), by incrementally measuring water depths at 0.6 m 
intervals. Facility pumping rates and channel area (width � depth) were used to estimate average 
water velocity in the intake channel (Equation 3).  

 

Equation 3: Estimated water velocity in the intake channel.  

!"#$%&'( = !"#$%&' !"#$
!"#$  

Table 3. Withdrawal rates used to measure rotating screen approach velocities in pumping bay 1 
at the SHPP. 

Pumping Scenario Withdrawal Rate  

(million gallons/day) 

Bay #1  

(weir w/orifice cover) 

Simulated Withdrawal Rate  

(million gallons/day) 

1 40 Cover Removed 40 

2 30 Cover in Place ≈ 60 

3 40 Cover in Place ≈ 80 

4 30 Cover Removed 30 
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RESULTS 
SPECIES COMPOSITION AND TEMPORAL USE OF THE INTAKE CHANNEL 

Between July 17, 2017 and July 27, 2018, 20 species were observed in the intake channel 
using four detection methods (Figure 5; Appendix B). Both warm-water and cold-water tolerant 
species were captured including several species of interest: coho salmon, Chinook salmon, 
rainbow trout, cutthroat trout, and Pacific lamprey3. Salmonid size was highly variable, however 
few fish smaller than 50 mm were observed (Figure 6). Species richness was highest during the 
spring and summer seasons, particularly for species with neutral and cooler-water preferences. 
The relative abundance of different species greatly varied by capture method and season with 
fyke and seine nets being the most successful methods for detecting fish across all taxa. 
Although 2018 intake channel sampling did not begin until April, the majority of salmonids were 
captured in May, suggesting that our monitoring coincided with peak salmonid presence (Table 
4). 

In total, 377 salmonids were captured in the intake channel, comprising 81 juvenile 
Chinook salmon, 285 juvenile coho salmon, four juvenile cutthroat trout, one adult cutthroat 
trout, and six juvenile rainbow trout (Table 4). A total of Twenty-seven larval lampreys were 
also captured. It is important to note that intake channel coho salmon captures were likely 
impacted by the presence of previously released hatchery fish that lost their markings. Juvenile 
O. mykiss were observed intermittently in the intake channel using the fyke net between late 
April and early June, all greater than 90 mm in length. Detection of juvenile salmonids coincided 
with the warmest mean water temperatures of the year (Figure 7). However, water temperatures 
in the intake channel remained within the suitable range for salmonids for the entire monitoring 
period, in part due to the cooling effect of reservoir releases in June and July.  

 
FACILITY ENTRAINMENT 

Over the course of this study, less than 0.5% of the 2,534 Group A hatchery coho 
(released at the mouth of the intake channel) and less than 1% of the 2,529 Group B hatchery 
coho (released in front of the facility) were recaptured inside pumping bay 1 (Table 5). No fish 
from Groups A or B were recaptured during trapping events 4 and 5. However, of the trapping 
events where fish were recaptured, a large and varied percentage of those recaptures were 
attributed to impingement on trash racks or rotating screens (Table 6). The percentage of 
recaptured Group A and B fish that were impinged ranged between 33-100%. After adjusting for 
capture efficiency, entrainment estimates ranged from 0% for Events 4 and 5 to 4% for Events 2 
and 3 (Table 5). Averaged across sampling events 2 through 5, entrainment in pumping bay 1 
was estimated at 1.5% (95% CI: 0.54% – 2.5%) of fry released in the intake channel during the 
evaluation. 

Approximately 20% of Group C fish (control group) were captured across all five 
trapping events. Estimated entrainment was generally low, ranging from less than 0% to 4.24%  
(Table 5). Variance was high for events where fish were observed, ranging from 6% to ~43%.  

                                                
3	Lamprey were classified as Pacific lamprey in this report based on caudal fin characteristics, but brook lamprey 
are also prevalent in the Willamette Basin and misidentification is common for these two species.		



 

	 13 

The percentage of recaptured fish impinged varied and ranged 4-96%. Trapping efficiency 
increased substantially when dip-netting occurred and minnow traps were deployed in front of 
the weir (Figure 8). Twenty-three Group C fish were also captured on the rotating fish screens 
(including trash racks) indicating that fish were capable of exiting the pumping bay.  

The length of released hatchery coho increased with each successive release event, with 
mean lengths ranging from 35 mm (± 0.154 mm) in the first release event to 66 mm (± 0.479 
mm) in the last release event (Table 5). Only released fish having lengths <51 mm were 
entrained, the majority of which having lengths <40 mm (Figure 9). In addition to the 
entrainment of marked fish, two natural origin coho (55 and 56 mm in length) were captured in 
the net bag during the second event and 48 Pacific lamprey were observed across all capture 
methods ranging from 30 mm to 152 mm.  

There was a weak but positive relationship between the number of marked fish (Group A 
and Group B) entrained in pumping bay 1 and the number of fish observed on the rotating 
screens (Figure 10, p-value = 0.04). The regression model predicted a 0.29 increase in the 
number of fish entrained inside the pumping bay for every additional fish observed on the 
screens and trash racks (95% CI: 0.01 – 0.56).  

Mean daily pumping rates over the course of Event 2 ranged from approximately 11,000 
gallon/minute to 23,000 gallons/minute (Table 5). The maximum pumping rate was recorded 
during Event 5 at 28,000 gpm. Intake channel mean daily water temperatures ranged from ~4oC 
during Event 1 to ~18oC during Event 5 (Appendix C). Regression analyses did not reveal 
relationships between entrainment and pumping rates or water temperature.  

 

APPROACH VELOCITIES 
 Velocities were non-uniform through the rotating screen in pumping bay 1. The upper 
right side consistently produced higher velocity measurements than other sections of the screen. 
This was likely caused by buildup of debris on the screen face or the location of the pump 
relative to the screen face. Scenarios 1 (30 mgd) and 4 (40 mgd) met NMFS approach velocity 
criteria of 0.40ft/s with no individual point exceeding 110% of criteria (Appendix D). However, 
scenario 2 (60 mgd) and 3 (80 mgd) produced non-uniform velocities with several measured 
velocities exceeding 110% of NMFS approach velocity criteria. Velocity in the intake channel 
was positively related to JWC’s pumping rate (R2= 0.81, p-value = 0.065, Figure 11).  
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Figure 5. Species observed in the intake channel by season, across all survey methods, with total 
species richness indicated by bracketed numbers.  
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Figure 6. Size distribution of species of interest in the SHPP intake channel. 
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Table 4. Daily salmonid captures in the intake channel from September 2017 through July 2018.  

		 Chinook Salmon Coho Salmon Cutthroat Trout Rainbow Trout 

Sampling Date Total Mean FL 
(mm) Total Mean FL (mm) Total Mean FL (mm) Total Mean FL (mm) 

9/29/17 
	 	

2 110 
	 	 	 	1/17/18 

	 	
2 35 

	 	 	 	4/9/18 
	 	

5 62 
	 	 	 	4/16/18 

	 	
1 115 1 220 

	 	4/20/18 
	 	 	 	 	 	

1 95 
4/23/18 

	 	
13 114 

	 	
2 153 

4/27/18 
	 	

3 55 
	 	 	 	5/16/18 22 107 31 92 2 300 1 150 

5/21/18 
	 	

6 61 
	 	 	 	5/22/18 7 90 2 89 1 228 1 184 

5/23/18 12 92 9 89 
	 	 	 	6/4/18 30 91 34 81 
	 	

1 92 
6/12/18 9 102 78 90 

	 	 	 	6/25/18 1 100 15 95 
	 	 	 	7/16/18 

	 	
1 89 

	 	 	 	7/17/18 
	 	

10 74 
	 	 	 	7/18/18 

	 	
10 73 

	 	 	 	7/19/18 
	 	

16 80 
	 	 	 	7/20/18 

	 	
3 90 1 115 

	 	7/23/18 
	 	

16 83 
	 	 	 	7/24/18 

	 	
10 80 

	 	 	 	7/25/18 
	 	

6 85 
	 	 	 	7/26/18 

	 	
9 86 

	 	 	 	7/27/18 		 		 3 79 		 		 		 		
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Figure 7. Monthly salmonid and lamprey detections (upper panel) and mean daily temperatures 
(lower panel). 
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Table 5. Summary of SHPP intake channel and JWC pumping bay 1 parameters during each trapping event, February 20 through May 
12, 2018.  

Event Date Group Total 
Released 

Mean Length 
(mm) ±1 SE  

CE 
(%) 

Estimated Fish 
Entrained (σ) 

Entrainment 
Rate % (σ) 

Daily Mean Water 
Temp 

 (oC) ±1 SE 

Daily Mean Pumping 
Rate  

(cfs) ±1 SE 

1 Feb 21-
24 

A 506 
35.41 ± 0.154 NA 

NA NA4 4.71 ±0.17 
[3.80 - 5.67] 

35.40 ±0.87 
[27.81 – 43.05] B 505 NA NA 

2 Mar 7-9 
A 503 

38.15 ± 0.139 9.02 
21.33 (214.47) 4.24 (42.6) 6.99 ±0.18 

[6.41 - 7.57] 
34.34 ±3.97 

[24.42 – 51.70] B 495 10.7 (103.1) 2.15 (20.8) 

3 Apr 2-5 
A 500 

46.50 ± 0.375 26.14 
18.54 (58.25) 3.71 (11.7) 8.38 ±0.24 

[7.32 - 9.73] 
34.98 ±1.92 
[05 - 57.10] B 502 11.13 (32.54) 2.21 (6.5) 

4 Apr 30-
May 5 

A 507 
57.72 ± 0.377 13.57 

0.0 0 10.99 ±0.23 
[9.93 - 12.24] 

36.01 ±1.83 
[22.43 – 63.21] B 510 0.0 0 

5 May 9-
12 

A 518 
65.50 ± 0.479 29.78 

0.0 0 13.42 ±0.08 
[12.78 - 17.80] 

48.90 ±2.27 
[30.40 – 64.55] B 517 0.0 0 

Bracketed ranges indicate minimum and maximum values. σ = variance. SE = standard error. CE = Capture efficiency 
 

 

                                                
4	Entrainment rates were not calculated for the first trapping event	
5	Pumps were shut down temporarily during Event 3 for routine maintenance	
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Table 6. Percentage of captured coho salmon that were impinged on the trash racks or rotating 
screens for each trapping event, February 20 through May 12, 2018 (counts in parentheses). All 
fish were hatchery-origin with the exception of one natural-origin fish impinged on the rotating 
screens during the first sampling event.  

 Release Group 
Event A B C 

1 86% (12) 71% (17) 0% (0) 

2 100% (2) 0% (0) 96% (22) 

3 60% (3) 33% (1) 4% (1) 

4 0% (0) 0% (0) 0% (0) 

5 0% (0) 0% (0) 0% (0) 
 

 

 
Figure 8. Summary of control fish captures by method. [*]Release events that employed all 
methods. 
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Figure 9. The length distribution of coho fry from release groups A and B entrained (captured) at 
SHPP. Top panel = All released and captured fish. Bottom panel = Fish captured on the trash 
racks and fish screens (impinged) and fish captured inside pumping bay 1 (not impinged).  
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Figure 10. Predicted relationship between the number of fish captured in the weir trap inside 
pumping bay 1 and fish captured outside the pumping bay on the rotating screens. 

 

 
Figure 11. Relationship between JWC pumping rate and average water velocity in the intake 
channel. 
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DISCUSSION 
SPECIES OF INTEREST IN THE INTAKE CHANNEL 

Juvenile coho salmon were the most common salmonids encountered in the SHPP intake 
channel. Consistent with the timing of coho observed in the intake channel, Willamette Basin 
juvenile coho salmon typically rear for one year prior to the March – May seaward migration 
(Hawksworth 2001). Furthermore, it is during the summer, fall, and winter seasons that juvenile 
coho salmon seek refuge and rearing opportunities in low-velocity off-channel habitats, similar 
to conditions found in some portions of the SHPP intake channel. Though less abundant than 
coho, both life-history variants of rainbow trout (resident and anadromous) were observed in the 
intake channel. The timing of encounters with anadromous rainbow trout was consistent with the 
typical life-stage periodicity for juvenile steelhead emigrants. Finally, juvenile Chinook salmon 
were the second most abundant salmonid species found in the intake channel, despite previous 
findings that this species was rare in the Tualatin River (Hawksworth 2001, Ward 1995). It is 
unclear whether the Chinook salmon captured were ESA-listed spring Chinook or non-native fall 
Chinook. Differentiating the two would require genetic analysis. 

Juvenile lampreys were regularly observed in the SHPP intake channel and seasonally on 
the rotating screens in pump bay 1. It is unlikely that adult Pacific lamprey utilize the intake 
channel for spawning because it lacks gravel, however, the abundance of fine sediments in the 
intake channel provides rearing habitat for larval lamprey. The presence of macropthalmia 
(emigrating juveniles) during the spring was also consistent with migratory timing and behaviors 
of these fish.  

 
SALMONID ENTRAINMENT 

Fish trapping inside pumping bay 1 at SHPP was challenging due to the large volume of 
turbulent, murky water and confined working environment. Consequently, capture efficiencies 
were relatively low for all fish releases throughout the entrainment evaluation. Low capture 
efficiencies may also be attributed to the movement of fish in and out of pumping bay 1, and the 
presence of slower velocity areas and eddies created by the weirs installed in pumping bays 1 
and 2. Numerous hatchery-origin coho salmon, presumably Group C fish, were observed 
utilizing areas of low velocity in front of the weir in pumping bay 1. Therefore, it is plausible 
that slower water allowed fish to avoid the trap for prolonged periods of time. It is unclear 
whether similar eddies occur without the weirs installed because a formal evaluation of velocity 
conditions inside pumping bay 1 was not performed as part of this study. Capture efficiency 
increased throughout the evaluation due to addition of dip-netting and later minnow traps 
intended to target fish residing in slow velocity areas in front of the trap. 

Despite low capture efficiencies, which resulted in entrainment rates with relatively high 
uncertainty, the number of entrained fish captured was sufficient to make simple inferences from 
the data. For example, results suggest that a fish’s proximity to the pumping plant greatly 
influences entrainment. Fish released closer to the facility (Group B) were captured at a higher 
rate than fish released near the mouth of the intake channel (Group A). Additionally, smaller fish 
were much more vulnerable to entrainment. Hatchery-origin coho salmon that were >50 mm, 
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with a single exception, were not entrained, indicating a size threshold for entrainment. This is 
not to say that larger fish are not occasionally entrained6, but these events appear to be rare.  

The entrainment rates reported here should be regarded as conservative for two reasons. 
First, fish were capable of moving in both directions across the screens, making it likely that 
some entrained fish were able to avoid capture by exiting the pumping plant. Second, although 
pumping bay 2 was blocked, a small amount of water was passing through the orifice cover, 
making pumping bay 2 a potential source of additional entrainment.  

We hypothesized that pumping rates would be strongly related to probability of 
entrainment, but our analysis did not support this conclusion. The ability to quantify a 
relationship between pumping rate and entrainment may have been confounded by the large size 
of fish released when pumping rates increased throughout the spring. Due to augmented growth 
in the hatchery environment, the mean length of fry released for this evaluation nearly doubled 
between the first release event on February 21 and our last release event on May 9. It is likely 
that larger fish, with improved swimming ability, were less vulnerable to entrainment despite 
higher pumping rates.  

In addition to salmonids, 48 juvenile lampreys were collected on the JWC (pumping bays 
1 and 2) trash racks and rotating screens, as well as within pumping bay 1. This was not 
surprising, as work conducted elsewhere in the Pacific Northwest suggests that larval lamprey 
are vulnerable to entrainment in water diversions due to their size, modest swimming ability, and 
preference for habitat with fine sediment substrate (Moser et al. 2015, Torgersen and Close 
2004). 

 

CONCLUSIONS 
Juvenile salmonids and lampreys in the Tualatin River are likely vulnerable to periodic 

entrainment in pumping bays 1 and 2 at the SHPP. Natural-origin fish <50 mm were present in 
the intake channel, and we observed entrainment of both hatchery and natural-origin coho 
salmon, as well as natural-origin lampreys. However, the risk of entrainment for salmonids 
appears to be nominal. We estimated that approximately 0.7% of the hatchery-origin coho fry 
released during this study were entrained. Considering only 378 juvenile salmonids of natural-
origin were captured across all sampling events between July 2017 and July 2018, and that most 
of those fish were >50 mm, entrainment risks appear to be low. If concerns about entrainment 
persist, a simple method of monitoring would involve collection and sorting of debris from the 
rotating screens and trash racks during periods when salmonids <50 mm are most likely to be 
present in the intake channel.   

                                                
6	Two natural-origin coho salmon 55 and 56 mm in length were incidentally captured in the weir trap during the 
second release event.	
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APPENDIX A - FIELDWORK PHOTOGRAPHS 
 

 
Picture 1: Trap design meeting, JWC, ODFW and MHE 

 
Picture 2: Net bag assembly 
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Picture 3: Weir trap construction 
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Picture 4: JWC and MHE on day of weir trap installation 
 

 
Picture 5: Weir trap installation 
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Picture 6: Weir trap installation 
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Picture 7: Weir trap installation 



 

	 30 

 
Picture 8: Weir trap installation 
 

 
Picture 9: Diver inspection of weir trap 
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Picture 10: Coho fry marking, Sandy Hatchery 
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Picture 11: MHE technicians deploying fyke net 
 

 
Picture 12: Fyke net deployment 
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Picture 13: MHE technicians deploying minnow traps 
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APPENDIX B - INTAKE CHANNEL SAMPLING SUMMARY 
Table B – 1. Fish species by life stage (AD=Adult, JV= Juvenile, FR=Fry, LV=Larval, SM=Smolt) captured by various sampling 
techniques at the Spring Hill Pumping Plant intake channel July 17, 2017 through July 27, 2018. * primary species of interest. 

  Boat E-Fisher Fyke Trap Minnow Traps Seine Net 
	

Species AD FR JV AD FR JV LV AD FR JV LV AD FR JV LV Total 
Chinook Salmon* 0 0 0 0 0 81 0 0 0 0 0 0 0 0 0 81 
Common Carp 8 0 0 3 0 1 0 0 0 0 0 0 0 0 0 12 
Coho Salmon* 0 5 0 0 12 162 0 0 8 1 0 0 25 74 0 287 
Cutthroat Trout* 0 0 0 3 0 0 0 0 0 0 0 1 0 1 0 5 
Fathead Minnow 0 0 0 0 0 2 0 0 0 0 0 1 0 0 0 3 
Largemouth Bass 0 0 0 0 0 0 0 0 0 0 0 0 0 26 0 26 
Longnose Dace 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 
Large-scale Sucker 0 0 3 17 0 5 0 0 0 0 0 2 0 14 0 41 
Mosquito Fish 0 0 0 0 0 0 0 0 0 0 0 3 0 0 0 3 
Pacific Lamprey* 0 0 0 0 0 0 14 0 0 0 10 0 0 0 8 32 
Pikeminnow 0 0 0 10 0 0 0 0 0 0 0 0 0 1 0 11 
Redside Shiner 1 0 0 234 0 38 0 1 0 0 0 17 0 24 0 315 
O. mykiss* 0 0 0 0 0 6 0 0 0 0 0 0 0 0 0 6 
Smallmouth Bass 0 0 0 0 0 2 0 2 0 0 0 0 0 2 0 6 
Sculpin 13 0 5 22 0 4 0 231 0 8 0 316 0 1,036 0 1,635 
Speckled Dace 0 0 0 0 0 0 0 0 0 0 0 2 0 4 0 6 
Sunfish 14 0 1 4 0 7 0 0 0 3 0 16 0 86 0 131 
Stickleback 0 0 0 0 0 1 0 1 0 0 0 60 0 2 0 64 
Mountain Whitefish 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 
Yellow Perch 5 0 0 0 0 1 0 0 0 2 0 0 0 0 0 8 

Grand Total 41 5 9 293 12 310 14 235 8 14 10 419 25 1,271 8 2,674 
Total Events 4 12 19 20 55 
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APPENDIX C - INTAKE CHANNEL ENVIRONMENTAL PARAMETERS 

 
Figure C – 1. SHPP intake channel mean daily water temperature. The red ribbon surrounding 
the black line represents the maximum and minimum daily temperatures recorded. 

 

 
Figure C – 2. JWC mean daily pumping rates. The red ribbon surrounding the black line 
represents the maximum and minimum daily pumping rates recorded. 
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Figure C – 3. Mean daily Tualatin River discharge recorded at USGS gauge 14203500 near 
Dilley, OR. The red ribbon surrounding the black line represents the maximum and minimum 
daily discharges recorded.  
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APPENDIX D - APPROACH VELOCITIES  

 
Figure D – 1. Approach intake velocity scenario 1.  
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Figure D – 2. Approach intake velocity scenario 2. 
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Figure D – 3. Approach intake velocity scenario 3. 



 

	 40 

 

 
Figure D – 4. Approach intake velocity scenario 4. 




