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1.0 Introduction 

In the Yakima River Basin, the Bureau of Reclamation (Reclamation) operates a dam and 
reservoir system to meet irrigation, hydropower, flood control, fish and wildlife management, 
industrial water supply, and recreation goals. Original project authorization in 1905 approved 
irrigation development and the investigation of storage sites. Five Yakima Project storage 
reservoirs were later constructed between 1909 and 1935: Bumping, Cle Elum, Kachess, 
Keechulus, and Rimrock (Figure 1). With the exception of Rimrock Reservoir on the Tieton 
River, these storage reservoirs were historically natural lakes. These impoundments provide 
water supply to help meet irrigation entitlements by storing and regulating a portion of the flow of 
the Yakima River and its tributaries.    

Within the Yakima Project, none of the five storage dams’ outlet structures are screened to 
prevent fish entrainment from water releases. Previous investigations of Tieton Dam at Rimrock 
Reservoir have shown that the number of fish entrained can be substantial during periods of 
high release flows (Hiebert at al. 2003, Hiebert at al. 2004, James 2002). Furthermore, these 
studies have shown that a variety of highly valued species are being entrained, including bull 
trout (Salvelinus confluentus), which was listed as threatened under the Endangered Species 
Act in 1998 (FR 63 31647). Although fish entrainment is likely occurring at other Yakima Project 
storage dams, the extent or magnitude of fish entrainment is not well known and estimates of 
total fish entrainment as well as the composition of entrained species has become a matter of 
speculation. Current entrainment estimates for all facilities are based on investigations at Tieton 
Dam. However, the outlet work configuration and water release patterns at other Yakima Project 
storage dams are different than those at Tieton Dam. As a result, entrainment rates for other 
Yakima Project reservoirs may be different to those reported for Tieton Dam, which may lead to 
inaccurate assumptions about entrainment rates at other reservoirs. 

In the Upper Yakima Basin, Keechulus and Kachess Reservoirs support bull trout populations, 
but the amount of bull trout entrainment at these dams is unknown. Monitoring over 2 irrigation 
seasons in 2010 and 2011 is intended to provide location-specific information about bull trout 
entrainment at the two reservoirs. In 2010, monitoring commenced at Keechulus Reservoir.     

Keechulus Dam Operations 

Keechulus dam is an earthfill structured constructed in 1917. It is operated to meet irrigation 
demands, flood control, and instream flows for fish. Keechelus dam is 128 feet high and has an 
active capacity of 157,900 acre-feet constructed over a natural lake with unknown dead storage. 
On average (water years 1981-2010), the reservoir water storage decreases 78% from a high of 
136,721 acre-feet to a low of 30,268 acre-feet.  

The Keechelus Dam outlet works emerge from a gated penstock. Water released from the dam 
flows through a single 8.5-foot-square hydraulically operated slide gate and through a concrete 
chute and stilling basin (165 feet long by 18 feet wide by up to 28 feet deep) (Figure 2). The 
outlet channel then transitions to rip-rap bank armoring and then into a more natural vegetated 
stream channel (Figure 3). A 22-inch-diameter pipe in the outlet conduit bypasses minimum 
flows to benefit fish and other aquatic organisms when the outlet gates are closed.  
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Figure 1. Location of 5 storage reservoirs in the Yakima Project with the Keechulus site 
location identified by the yellow star. 
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Figure 2.  Outlet channel configuration of Keechelus Dam illustrating concrete 
lined and rip rap channel banks. 

 

 

Figure 2.  Outlet channel configuration of Keechelus Dam illustrating concrete 
lined and rip rap channel banks and downstream transition to more natural, 
vegetated area. 
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Along with Kachess Reservoir, Keechelus storage is primarily used to meet upper Yakima Basin 
irrigation demands and provides carryover storage in normal water years (Reclamation 2002). 
The prime flood control season extends from mid-November through mid-June. Irrigation 
demands are met by releases from Keechelus dam either through bypassed reservoir inflows 
beginning in mid-March or stored water releases that typically start in mid-April to mid-June, 
depending on the water year. In addition to irrigation demands and flood storage needs, 
Keechulus operations are shaped by spring Chinook spawning requirements in the Upper 
Yakima River. Instead of balanced water releases from the five storage reservoirs throughout 
the summer, water supply “flip flops” between reservoirs in the Yakima and Naches arms of the 
basin. Releases from the Yakima arm predominate in the late spring and summer, and then flips 
so that releases are primarily from the Naches arm when spring Chinook spawning commences 
in September in the upper Yakima River. This managed hydrologic regime encourages spring 
Chinook to spawn in areas of the stream channel that will remain wetted throughout the 
incubation period (February – March) when reservoir releases are minimized so that the 
reservoirs can refill. In addition to the large scale basin-wide “flip-flop”, a smaller scale “mini flip-
flop” occurs in most years between Keechelus and Kachess Reservoirs. Under this scheme, 
operations are geared towards maintaining appropriate spring Chinook spawning flows in the 
Yakima River beneath Keechelus dam by making heavier releases from Keechelus during June, 
July, and August and delaying releases from Kachess until September and October so that 
releases can then be cut at Keechelus to suitable spawning flows. 

The net effect of dam operations on the Yakima River is a general inversion of the hydrograph 
below Keechelus Reservoir. High flows from fall through spring are suppressed so that the 
reservoir can fill. The late spring and summer period is characterized by high flows to meet 
irrigation demand through August, instead of falling to baseline levels as would occur in an 
unregulated river. The suppression of high flows is particularly pronounced in the fall, both 
because fall rain on snow events could cause higher stream levels in the absence of reservoir 
storage, and because the reservoir has more storage early in the water year. As the reservoir 
reaches capacity in the spring, more inflow is passed as outflow. Under an unregulated flow 
regime in the summer, the river recedes from mid-May to August and is at baseflow during 
August and September until the fall rains resume. Under current dam operations, Keechelus 
outflows increase from early spring until they peak at about 1,100 cfs in July and August, and 
then are drastically cut to about 100 cfs in September.     

Keechelus Reservoir Ecology 

General ecological and biological characterizations of Keechulus Reservoir, especially of recent 
conditions, are lacking. Monitoring in the mid-1970s identified Keechelus as an oligotrophic lake 
with algae production primarily limited by available phosphorus (USEPA 1977). Formal fish 
surveys have not been conducted to characterize the community composition, but generally the 
lake is thought to support mountain and pygmy whitefish, bull trout, cutthroat trout, kokanee, 
rainbow trout, several species of dace, suckers, and sculpin, chiselmouth, redside shiner, 
peamouth, northern pikeminnow, and burbot (Reclamation 2005). The Washington Department 
of Fish and Wildlife (WDFW) stocks the reservoir with kokanee and cutthroat trout (WDFW 
2010).        
 
Given their federal status under the Endangered Species Act, bull trout are of particular interest. 
Bull trout have some of the most demanding habitat requirements of any native trout or salmon 
species (Rieman and McIntyre 1993). Habitat components that influence bull trout distribution 
and abundance include water temperature, cover, channel form and stability, valley form, 
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spawning and rearing substrate, and migratory corridors (Fraley and Shepard 1989; Goetz 
1989; Hoelscher and Bjornn 1989; Pratt 1992; Rieman and McIntyre 1993, 1995; Sedell and 
Everest 1991; Watson and Hillman 1997). Bull trout are also characterized by a high diversity in 
life history strategies, and have resident, adfluvial, fluvial and amphidromous forms. The 
adfluvial Keechelus bull trout population consists of one local population that spawns and rears 
in Gold Creek. This adfluvial population predates the construction of the dam in 1914. The dam 
has impacted potential connectivity between the Keechelus population and other Upper Yakima 
bull trout populations. This lack of connectivity also prevents any bull trout entrained through 
Keechelus dam from returning to the upper Keechelus basin. These entrained fish may develop 
into fluvial fish. The Keechelus Lake bull trout population is listed as Critical by the WDFW 
(WDFW 1998) as a result of low population size and chronically low redd counts. MacDonald et 
al. (1996) concluded that isolation and low numbers threatens the Keechelus Lake bull trout 
population.  

Study Goals 

Because listed bull trout populations exist in the upper Yakima River basin, and Reclamation 
operations may affect this species, Reclamation aims to quantify total entrainment, rate, timing, 
and species composition at Keechulus and Kachess Dams. The study design involved sampling 
downstream of the outlet using a screw trap and hydroaucoustics array. This report documents 
methods and results from the first season of the investigation at Keechulus Dam and makes 
general recommendations to guide further work. A more comprehensive report will be provided 
after the two years of monitoring (2010 – 2011) are complete. 

2.0 Materials and Methods 

2.1 Screw Trap 

General Fish Sampling 

For the 2010 sampling period, staff from Meridian Environmental, Inc. (Meridian) operated a 
screw trap for from May 14th until September 1st, when reservoir releases provided insufficient 
flow to spin the screw trap cone. The 8-foot diameter drum rotary screw trap was located 
approximately 400 feet downstream of the Keechelus Dam outlet, midstream in a section with 
simple stream morphology (Figure 4). The sampling time period encompassed the rising limb, 
peak flow, and rescinding limb of the hydrograph at Keechelus Dam as well as the period with 
the highest and lowest annual water surface elevations in Keechelus Reservoir (Figure 5). The 
screw trap was checked every Monday, Wednesday, and Friday during the period it operated. 
On May 18th, soon after screw trap operations commenced, outlet flows dropped unexpectedly. 
This drop in flows caused the screw trap cone to ground, and it is estimated that the screw trap 
was not operated for up to 12 hours. In addition to the May disruption in operations, in early July 
additional floatation pontoons were added to the screw trap because it was floating abnormally 
low in the water. The trap was not operated for about 4.5 hours on July 8th while this adjustment 
was made.    

During each trap check, biologist first visually scanned the trap live box for bull trout, dip-netted 
all captured fish out of the trap box and placed them in an aerated 5-gallon bucket. Had bull 
trout been observed, they would have been placed in a separate, covered, aerated 5-gallon 
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bucket. Captured fish were anesthetized using 50 to 100 mg/l buffered MS-222 that was 
administered based on fish responsiveness. Each fish was identified to species, fork length was 
measured to the nearest mm, and condition was noted as live, injured, or dead. All fish data was 
recorded on field data sheets.  All fish captured of appropriate size were marked using either fin 
clips or pigment dyes. Fish were also checked for marks indicating that the fish had been 
previously captured.  

 

Figure 4:  Location of the rotary screw trap downstream of the Keechelus outlet. 

Recaptured and unmarked fish were placed downstream of the screw trap after processing, and 
fish that were marked for recapture efficiency tests were placed upstream (see “screw trap 
efficiency tests” for more detail about fish marking and recapture).  

Each time the screw was sampled, cone revolutions-per-minute and any irregularities in screw 
trap operations were recorded. Immediately after collecting all fish from the trap box, debris was 
cleaned from the cone and trap box. 
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Figure 5.  Graph of annual median discharge and average forebay elevation at Keechelus 
Dam and Reservoir over the last 10-year period.  The graph also shows the general 
sampling period for the entrainment study. 

Screw Trap Efficiency Tests` 

Screw trap efficiency was tested using mark-recapture techniques of both fish originally 
captured in the screw trap and kokanee from the Washington Department of Fish and Wildlife 
(WDFW) Naches hatchery. For screw trap efficiency tests, fish were released upstream of the 
screw trap, as close to the dam outlet as possible by lowering fish down in a bucket and then 
spilling the bucket so that the fish entered the water. Hatchery kokanee releases occurred on 
June 2 and July 2, 2010 (Table 1). On June 2nd, 366 dead kokanee and 518 live kokanee were 
released upstream of the screw trap. These fish were not marked because kokanee size, 
approximately 35 – 40 mm, was much smaller than any kokanee that had previously been 
released in Keechelus reservoir. Additionally, 43 live kokanee were marked and placed in the 
screw trap box to test screw trap retention. 

On July 2, 3 sets of 50 live and 163 dead kokanee were marked and released upstream of the 
trap. Additionally, fifty live fish were marked and placed in the screw trap box. Each group of fish 
(3 groups of live/upstream release, 1 group of dead/upstream release, and 1 group of live, trap 
box release) was given distinct markings.   

In addition to the two dates when hatchery kokanee were released, a cumulative total of 339 
fish originally caught in the screw trap, 91 dead and 248 live, were marked and released 
upstream of the trap to test efficiency (Table 1). Over the course of the May through September 
monitoring period, these fish were used to augment hatchery fish and increase the sample size 
used to calculate trap efficiency.  Additionally, fish captured in the trap included additional 
species, and had a broader size distribution. Screw-trap origin fish are expected to be more 
representative than hatchery fish of the size fish entrained out of Keechelus Reservoir.      
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When both hatchery origin and reservoir origin fish are considered, fish were released for 
efficiency testing during 13 of the 16 weeks the trap was operational and during the range of 
flow conditions experienced during the study period (Table 1). Of the 1,536 fish marked for 
efficiency testing (hatchery origin plus lake origin), about 93% were kokanee, 3% pygmy 
whitefish, and just under 3% were Chinook. In addition, burbot, mountain whitefish, northern 
pikeminnow, red sided shiner, mountain sucker, and rainbow trout were marked. However, each 
of these species comprised less than 0.5% of fish used for efficiency tests. Marked fish were 
predominately smaller in size; approximately 60% were less than 50 mm in length and 97% less 
than 100 mm.       

 

Table 1: Number of fish marked and released for efficiency testing over the monitoring 
period and corresponding discharge and discharge relative standard deviation. The 
relative standard deviation percentage captures the amount of flow variability during that 
week.  Numbers in parentheses include hatchery kokanee releases.   

Week Dead Live Total 
Average 

Discharge (cfs)   
Discharge Rel. 
Std. Dev.  (%) 

Week of 5/17  
12 12 256 27 

Week of 5/24 2 4 6 299 11 

Week of 5/31 0 (366) 0 (518) 0 (884) 212 26 

Week of 6/7    
202 12 

Week of 6/14  
1 1 458 25 

Week of 6/21    
607 3 

Week of 6/28 0 (163) 0 (150) 0 (313) 743 6 

Week of 7/5 26 14 40 960 11 

Week of 7/12 28 62 90 1109 3 

Week of 7/19 28 52 80 1132 4 

Week of 7/26 4 12 16 1078 1 

Week of 8/2  
26 26 1079 1 

Week of 8/9 1 34 35 1016 2 

Week of 8/16 2 15 17 934 3 

Week of 8/23  
19 19 620 32 

Week of 8/30    
135 50 

Total 91 (620) 251 (916) 342 (1,536)   
 

 

Fish were marked with Alcian blue (aqueous) stain at 65 mg/ml applied using a 5-point-head 
cordless tattoo gun. The tattoo code consisted of a series of dots located on the ventral side of 
the fish. Each week fish captured in the trap in appropriate tagging condition were marked. The 
marks used for live and dead fish were distinct, and each respective code was changed on a 
weekly basis. Tattoo codes were not used more frequently than every 4 weeks. Previously 
marked fish and fish whose condition prevented marking were released approximately 20 
meters downstream of the screw trap. 
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Screw trap efficiency was measured by the rate that marked fish released upstream of the trap 
were recaptured. The variance was calculated using parametric bootstrap methods in which the 
observed experimental data is simulated and the resulting distribution provides information 
about bias and precision. Parametric bootstrap simulations were conducted using Oregon 
Department of Fish and Wildlife BOOTN program with 1,000 iterations. From the variance 
output, 95% confidence intervals were calculated by multiplying the standard deviation by 1.96. 

 

2.2 Hydroacoustics 

BioSonics installed a 420 kHz split beam transducer aimed across the channel to monitor fish 
movement in the middle to lower portion of the water column (Figure 6). This orientation focused 
on recording fish that may potentially swim under and avoid the screw trap, such as bull trout, 
which are thought to be more benthic-oriented than other salmonid fish species such as rainbow 
and cutthroat trout. The tranducer was placed in a fixed location on the north bank of the Lake 
Keechelus Dam outlet channel, approximately 400 feet downstream of the lake outlet and 75 
feet upstream of the screw trap. 

 

Figure 6:  Photo of 420 kHz split beam transducer. 

 

The transducer was controlled by a BioSonics DT-X Echosounder. The echosounder sent the 
hydroacoustic data files via Ethernet to the data collection computer located in the adjacent 
gage station house equipped with RAID mass storage hard drives. Data was continuously 
recorded at 24 hours per day with a ping transmitted each 1/10 of a second with 0.1 ms pulse 
duration. Transmit power was reduced approximately 10 dB to lessen sound reverberation in 
the narrow channel. 
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Installation of the hydroacoustic monitoring system and actual data logging took place on May 
14, 2010 when the reservoir discharge was 450 cfs. The hydroacoustic system was operational 
throughout the course of the study with no system malfunctions. Continuous data collection was 
intentionally interrupted on two occasions due to low water levels that could expose the 
transducer to air and potential damage. The system was shut down from June 3 to June 8, 2010 
and from August 27 to September 1, 2010 when flows dropped to potentially damaging levels 
below about 185 cfs. On September 1, 2010 flows dropped to near baseflow discharge levels of 
about 90 cfs, at which time the transducer was moved to a lower elevation in the river for safe 
operation during the final week of the study. The hydroacoustic system again operated 
continuously from September 1 to September 10, when the system was removed at the end of 
the survey period. In total, 114 days of hydroacoustic data was collected and processed.   

Hydroacoustic data was periodically downloaded for processing through the course of the study.  
Hydroacoustic files were analyzed using echo recognition and trace formation software. During 
analysis, the data were played through echo recognition software. This step extracted echoes 
from the hydroacoustic waveform. Each candidate echo (potential fish target) was required to 
surpass a threshold level (-65 dB), as well as pass a pulse duration test (i.e., each echo must be 
at least 75 percent as wide as the transmitted pulse and less than 165 percent of the 
transmitted pulse). Next, the shape of the candidate was correlated with the theoretically correct 
general shape of fish; all echoes with a shape correlation greater than 80 percent were selected 
as fish targets. These are standard thresholds used for general hydroacoustic fish surveys in 
the Pacific Northwest.   

Extracted echoes were then spatially correlated into fish “tracks” or “traces” using Trace 
Formation software by a Biosonics Engineer. A series of echoes that line up in space and time 
represent the pattern created by a fish passing through the hydroacoustic field. The fish trace 
formation creates a candidate trace when an echo is detected that does not correlate with any 
other fish trace.  Each echo is either inserted into a trace or starts a new trace. After a certain 
number of pings have been received, a trace is terminated when no new echoes correlate to it. 
Statistics are calculated for each trace, and each trace that does not pass a series of tests is 
eliminated. Each trace with acceptable parameters is written to the fish data file. Each record 
includes date, time, mid-range from transducer, X and Y position in the beam, mean target 
strength, pulse duration and shape correlation, direction of travel, and a variety of other 
measures. 

Trace formation parameters were tuned by processing several data files, and visually comparing 
the records in the track list to the echogram record. The minimum number of echoes per trace 
was set at 4 due to the fast current in the outlet channel and the relatively short channel width.  
Each trace recognized and accepted by the software represents a single row of fields in the 
output file. These fields include date, time, range, X and Y angular position in the beam, fish 
velocity, direction of travel, and target strength, as well as many other descriptive values. 
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3.0 Results and Discussion 

3.1 Screw Trap 

Fish Observations 

A total of 526 fish were captured (excluding recaptures) over the 109 day screw trap sampling 
period (Table 2). At least 11 species were sampled, with kokanee and pygmy whitefish 
comprising most of the catch at 60.5 and 24.0 percent, respectively (Figure 3, Table 3). The 
length of captured fish ranged from 22 – 533 mm, but the majority of fish caught ranged from 20 
– 150 mm long (Figure 7). While smaller fish less than 80 mm long predominated the kokanee 
catch, the full range of Kokanee sizes observed was relatively wide and fish up to 160 mm were 
caught. Among another commonly observed fish, pygmy whitefish, fish length was small. The 
majority of pygmy whitefish caught were less than 60 mm long and all were less than 100 mm. 
Only burbot, mountain whitefish, and rainbow trout were observed at sizes greater than 200 
mm. Among these 3 species, burbot were both the most commonly sampled and were observed 
at the largest size of all fish caught at 533 mm.  

Notably, no bull trout were observed in the screw-trap during the monitoring period. Juvenile, 
Chinook, however, were observed. Chinook are known to be absent from Keechelus Reservoir 
since the dam is a barrier to Chinook passage. Therefore, observed Chinook must have 
originated from downstream of the dam. Annually adult Chinook place redds just downstream of 
the screw trap. In 2010, Adult Chinook were observed building dams approximately 300 ft 
downstream of the screw trap. 

 

Table 2.  Lake Keechelus screw trap fish capture summary for the 2010 monitoring 
season. Fish are listed in descending order of percent total catch. Recaptures are not 
included in counts.  

Species Count Live (%) Dead (%) Total Catch (%) 
Kokanee 318 71 29 60.5 
Pygmy Whitefish 126 9 91 24.0 
Chinook 48 100 0 9.1 
Sculpin 7 71 29 1.3 
Unknown Non-salmonid 6 83 17 1.1 
Burbot 5 60 40 1.0 
Mountain Whitefish 5 100 0 1.0 
Northern Pikeminnow 3 100 0 0.6 
Unidentified Onchorhynchus sp. 3 67 33 0.6 
Red Side Shiner 2 100 0 0.4 
Longnose Dace 1 100 0 0.2 
Mountain Sucker 1 100 0 0.2 
Rainbow Trout 1 100 0 0.2 
Total Catch 526 82 18 100 
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Figure 7. Size (fork length) distribution by fish species. 

 

Dam releases during monitoring were characterized by 4 distinct periods: a) low discharge at 
the onset of the monitoring period when the reservoir was still filling and irrigation demands 
were low, b) a ramp up period when discharge increased rapidly to meet irrigation demands, c) 
sustained peak discharge to meet irrigation demands, and d) the ramp down to low reservoir 
releases to meet discharge requirements for spawning spring Chinook salmon (Figure 8). Fish 
were captured throughout the entire sampling period, but were caught at the highest rate at the 
end of the ramp up period (b) and the beginning of the sustained discharge period (c) (Figure 9).   
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Figure 8. Daily discharge and forebay elevations during the monitoring period, with 4 
distinct operational periods identified: a) low discharge, b) discharge ramp-up, c) 
sustained peak discharge, and d) discharge ramp-down. 

 

Figure 9. Number of fish captured per screw trap check over the course of the monitoring 
period, with 4 distinct operational periods identified: a) low discharge, b) discharge 
ramp-up, c) sustained peak discharge, and d) discharge ramp-down.  Downstream-origin 
fish are Chinook salmon, which are not present in the reservoir. 
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When the correlation between total number of fish captured and either discharge, forebay 
elevation, and temperature was examined, only discharge had a significant relationship (Figure 
6, 7, 8). However, stream discharge only explained 41% of the variability in the total number of 
fish captured per day. Visual examination of the total number of fish captured by hydrologic 
period suggests that together high discharge and high forebay elevation may result in increased 
fish entrainment (Figure 9, 10). Multiple regression analysis exploring the relationship between 
both stream discharge and forebay elevation did increase the predictive ability of the regression 
model, but this increase was slight and still explained less than 50% of the variation in the 
number of fish caught (R2 = 0.4545, p< 0.001). While there does not appear to be a linear 
relationship between forebay elevation and total fish captured, this does not preclude the 
possibility of any relationship between these two variables. A visual examination of the 
scatterplots generated by graphing either discharge or forebay elevation with total fish captured 
(Figure 10, 11) suggests that instead of a simple linear regression, the relationship might be 
better characterized as a “factor ceiling relationship” where the independent variable identifies 
an upper limit to the response variable, and other factors influencing the response variable 
result in scatter below upper limit (Thomson et al. 1996). It is possible that either discharge or 
forebay elevation may be important in determining the maximum number of fish captured, but 
that other variables will lower either the entrainment or capture rate, causing the observed 
variability.  

 

Figure 10: Regression relationship between discharge (cfs) and total fish captured. R2 = 
0.4134, P < 0.001 
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Figure 11: Regression relationship between forebay elevation (ft) and total fish captured. 
R2 = 0.0047, P > 0.001 

 

Figure 12: Regression relationship between temperature and total fish captured. R2 = 
0.0016, P > 0.001 
 
While there is a correlation between discharge and total fish captured, concluding that there is a 
relationship between discharge and entrainment is confounded by potential flow-specific 
differences in screw trap efficiency. Since the trap was not fully lowered to normal operational 
depth at lower flows and the non-standard operational position resulted in significant gaps in the 
live box, it is likely that screw trap efficiency varied between low and high flows. However, our 
ability to detect flow-specific differences in screw trap efficiency is hampered though by a lack of 
stratified balanced sampling by flow and temporal differences in the type of fish released for 
efficiency tests. Hatchery origin kokanee were primarily used early in the operational season at 
lower flows, but reservoir-origin fish were used later during generally higher flows. The use of 
different types of kokanee at different flows confounds interpretation of efficiency tests by linking 
two variables, flow and kokanee origin.  
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Screw Trap Efficiency 

Observed trap efficiency for data pooled over the sampling season ranged from 1.3 percent for 
all dead fish marked, to a high of 6.0 percent for marked kokanee that orgininated in the screw 
trap (Table 3). Trap efficiency measured by the two hatchery kokanee releases were relatively 
low at 2.8 percent for the June 2 release (cone partially submerged) and 2.6 percent on the July 
2 release (cone in fully lowered position). Capture efficiency for the entire period based on all 
live and dead fish caught in the trap, marked, and released upstream was somewhat higher at 
4.7 percent. The combined capture efficiency for pooled data for all fish marked over the entire 
period was 3.2 percent.   

Table 3: Screw trap efficiency identified by species, source of marked fish (hatchery or 
screw trap), and fish state (live or dead). 

Efficiency Test Percent 
All dead fish 1.3 
Pygmy Whitefish 2.0 
July 2nd Hatchery kokanee release 2.6 
June 2nd Hatchery kokanee release 2.8 
All species, screw trap and hatchery origin 3.2 
Combined hatchery kokanee and kokanee 3.3 
All live fish 3.3 
All species of screw trap - origin 4.7 
Screw trap- origin kokanee 6.0 

 

Poor live box retention appeared to be a significant cause of low screw trap efficiencies, 
particularly for smaller fish. Only 11.6 percent of hatchery kokanee that were placed in the live 
box on June 2, 2010 and 16 percent that were placed in the live box on July 2, 2010 were 
retained after a 3 day holding period. Due to the shallow water depth in the outlet channel, the 
screw trap cone was not fully lowered to normal operational depth until June 28, 2010. The 
deployed screw-trap has a non-standard positioning system that allows the cone to be tilted and 
pinned so it operates under varying water depths. However, the necessary cone position used 
at shallow water depth resulted in a substantial 1-2 inch gap between the live box rubber gasket 
and the cone. It is presumed that this gap allows smaller fish to escape from the live box. The 
cone was pinned in this manner during the June 2nd fish release. Even after flows were high 
enough to enable the cone to be fully lowered, there were some small gaps either around the 
cone gasket or the cleaning drum gasket that allowed small fish (< 50 mm) to exit the trap box 
under all cone operation positions. 

Trapping a highly piscivorous fish in the live box may have reduced the efficiency calculated 
from the July 2, 2010 hatchery kokanee release and retention estimate. A large burbot (305 
mm) was captured in the trap on the following sample day. The piscivours burbot may have 
eaten some of the recaptured kokanee.  The large size of the burbot and the small size of the 
hatchery kokanee (66 mm average length; 84 mm maximum length) may have enabled the 
burbot to consume multiple kokanee fry, resulting in a lower efficiency estimation. The July 2 
trap efficiency estimate may be particular sensitive to potential burbot predation on the 
recaptured kokanee as only 8 recaptures were recorded.  Of note is that the burbot appeared to 
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have a full/tight stomach, although no kokanee tails were protruding from its mouth, nor was 
stomach lavage used to estimate burbot consumption.   

 

Entrainment Estimates 

Observed capture efficiencies could only be used for kokanee and pygmy whitefish to estimate 
the range of fish entrained over the sampling period. Only small numbers of individuals were 
available to be marked of other species, resulting in no recaptures. The kokanee and whitefish 
trap efficiencies cannot be applied to other species as the size of fish and potential trap 
retention may be vastly different.  For example, large burbot captured (305 to 400 mm in length) 
would not be able to escape the trap; however, as previously discussed, most hatchery kokanee 
tested, due to their size could escape the trap box. While kokanee were caught in higher 
numbers than pygmy whitefish, given observed species-specific estimates, we calculated that 
pygmy whitefish were likely entrained in similar numbers to kokanee (Table 4). Given potential 
differences between entrainment efficiencies between wild and hatchery kokanee, the reservoir-
origin kokanee efficiency rate was used to estimate entrainment. However, low numbers of 
reservoir origin kokanee captured early in the monitoring period resulted in poor characterization 
of screw trap efficiency during this time. It is therefore possible that estimated entrainment is 
biased low. 

Not all fish captured were entrained from Lake Keechelus. The presence of several juvenile 
Chinook salmon in the screw trap highlights this point, as upstream fish passage is not present 
at the dam, and stocking of Chinook to Lake Keechelus is not known to occur. The rest of the 
species that were observed in the screw-trap are those that occupy the lake. It is not possible to 
quantitatively differentiate reservoir origin from stream origin fish in the screw trap, and it is 
important to acknowledge the assumption that all fish captured in the trap were moving 
downstream and were entrained from Lake Keechelus is invalid. While it is likely reasonable to 
assume that most of the fish caught in the screw trap originated from the reservoir, any fish 
captured in the screw-trap of stream origin would result in biased entrainment abundance 
estimates. 
 
 
 
Table 4: Estimates of total numbers of fish entrained over the sampling period estimated 
using the capture efficiency and the range based of the 95% confidence interval. 

Species Count Estimate1 Range2 
Kokanee 318 5,725 2,479 – 9,869 
Pygmy Whitefish 126 6,174 871 – 11,447 

1 Calculated using the species-specific capture efficiency: 6.0% for kokanee and 2.0% for pygmy whitefish.  
2 Calculated as 95% confidence intervals based on parametric bootstrap modeling of the variance. 
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3.2 Hydroacoustic 

Hydroacoustic Sampling Efficiency 

The area the hydroacoustic beam covered was static, extending 26.2 feet across the streambed 
with a cross-sectional area of 36 square feet. Flow was variable, ranging from about 200 to 
1,200 cfs. Therefore, sample efficiency, defined as the proportion of the cross sectional area of 
the stream sampled by the transducer beam, varied by flow. Based on a discharge-to-sample-
efficiency relationship, the hydroacoustic beam sampled from about 21 to 55 percent of the total 
water column cross section over the course of the study (Appendix A).  

A sensitivity analysis was conducted to determine the minimum size of fish that was detectable 
by the hydroacoustic equipment. Depending on flow, the signal to noise ratio indicated that the 
smallest detectable fish was 130 mm at low flows (about 200 cfs and lower), 200 mm at higher 
flows (about 800 cfs and higher) and in between these lengths at intermediate flows. By 
definition of the sensitivity analysis, all fish that exceeded the minimum detectable size would 
have been detected by the hydroacoustic beam, if the fish intersected the cross-sectional area 
sampled by the hydroacoustic beam. 
 
The probability of fish detection by the hydroacoustic beam is related to fish density and the 
proportion of the water column sampled. This relationship is flow dependent, as both the 
minimum detectable size of the fish and the proportion of the water column varies by flow. 
Assuming that capture is a binomial process and that individuals respond independently and are 
equally catchable, the probability of capturing (Pc) at least one individual, given the sampling 
efficiency (q) and number of individuals encountered (i), is one minus the probability of capturing 
no individuals and is estimated as:   
 

Pc= 1 - (1 - q)i 

 
If screw trap data is used to approximate the minimum potential fish density, then we expect 
there to be between an 81 and 99.99 percent chance, depending on the given flow, that the 
hydroacoustic beam will detect at least 1 fish of a detectable size (see Appendix A for more 
detail including calculations). This analysis suggests that the hydroacoustic beam provided good 
coverage and would detect the presence of larger fish (less than 130 mm at low flows and 200 
mm at higher flows) given anticipated minimum fish densities.    

Fish Observations 

During the 114 days of monitoring, no detectable fish traces were found in the analysis. There 
are likely two dynamics that resulted in no fish detection by the hydroacoustic monitoring: 
predominate fish size and predominate fish location in the water column. Background noise in 
the hydroacoustic data was relatively high and potentially masked the size of fish most 
commonly observed in the screw trap. Of the approximately 500 fish either captured or 
recaptured in the screw trap, 98 and 91 percent were smaller than the minimum detectable size 
thresholds, 130 and 200mm, respectively.  These data suggest that nearly all of the fish 
potentially entrained from Lake Keechelus were too small to be recorded by the hydroacoustic 
system given the specific noise parameters of the site.   
 
For expected minimum fish densities, we determined it was highly unlikely, with only a 0.01 to 
19 percent chance depending on the flow, that a larger fish would be present but not detected 
by hydroacoustic monitoring. However, the presence of larger fish captured in the screw trap, 
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indicates that the hydroacoustic beam failed to detect the presence of entrained larger fish. A 
logical explanation is that one of the assumptions of our equation, such as fish be equally 
catchable, was violated. A non-random distribution of fish throughout the stream would be 
counter to this assumption. It appears that larger fish were surface oriented rather than 
distributed at various depths. Since the hydroacoustic beam was directed beneath the screw 
trap, it would not have detected fish presence if all fish had been located near the water surface. 
Direct observation generally supports the hypothesis that larger fish tended to be surface 
oriented.  Burbot were the most common large fish, comprising over 70% of the captured fish 
larger than 200mm. Of the 5 burbot captured, 4 were floating in the trap box, either dead or 
alive, but unable to regulate buoyancy, suggesting gas supersaturation caused by entrainment 
decompression. Taken together, the screw trap data and the hydroacoustic data suggests that 
the few larger fish that were entrained from Lake Keechelus were surface oriented. 
 
 
 
4.0 Recommendations 
 

Results from the first year of monitoring suggest that fish entrained from Lake Keechelus tended 
to be smaller sized and surface oriented. Since the screw-trap is most appropriate for sampling 
smaller and surface oriented fish, future modifications to the monitoring protocol should focus on 
improving the efficiency rate of the screw-trap operation so entrainment rates can be estimated 
with greater confidence. Additionally, the primary species of concern in the study, bull trout, are 
likely present in the lake (and therefore potentially entrained) at larger sizes then the typical size 
fish for which we were able to evaluate screw-trap efficiency. Conducting entrainment efficiency 
estimates for larger fish are necessary for extrapolation of screw trap monitoring data to bull 
trout and other larger fish. The possibility for any entrained bull trout to pass under the screw-
trap remains, and so continued use of hydroacoustic monitoring is recommended.  If the 
hydroacoustic equipment can be optimized to detect smaller fish, this change would be 
beneficial since 2010 monitoring indicates that the majority of entrained fish are smaller fish. 
Finally, if it is desired to better understand a potential relationship between flow and fish 
entrainment rate, then the effect of flow on screw trap efficiency needs to be better documented. 
We therefore make the following recommendations:     

Service the screw trap to improve efficiency. 

It is apparent that there are some small gaps either around the cone gasket or the cleaning 
drum gasket that allow small fish to exit the trap box under all cone operation positions. This 
gap is especially relevant as 91 percent of all fish captured in the screw trap during the study 
period were less than 100 mm in fork length, and 54 percent of all fish captured were less than 
65 mm in fork length. The generally small size of captured fish combined with low trap retention 
resulted in an unusually low overall trap efficiency given the trap size relative to the channel 
cross sectional area at the trap site. Overall low trap efficiency will result in low precision of total 
fish entrainment estimates, or in other words a larger confidence interval around the estimate. 

Before any future use of this trap, it is recommended that the trap box be serviced, replacing all 
gaskets and inspecting the box for small cracks that fish may be able to escape through. Such 
evaluation and servicing was not possible when the trap box was in the water during the study 
period. For future operation, we recommend that the foam in the primary pontoons be replaced 
and that the additional pontoons be added if necessary.   
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If it is desired to operate the screw trap at low flows that would preclude fully dropping the trap 
cone for standard operation, it may be preferable to install removable legs on the trap.  These 
legs would allow the cone to be fully lowered and spin when there is not sufficient depth to 
otherwise float the trap. This method has been used by several researchers in the northwest 
with good success. This method allows the cone to operate in the fully down position, allowing a 
good seal with the rubber trap box gasket (if the gasket is in good working order), which is not 
possible with the current pinning setup on the trap.  

Conduct efficiency measurement using larger fish species. 

Currently, smaller-sized kokanee comprise the vast majority of fish that were marked and 
released for screw-trap efficiency tests. Of the 1,536 fish that were used to test efficiency, only 
34 were larger than 100mm and 3 were larger than 200 mm. Smaller kokanee were primarily 
used because they were readily available from a hatchery source, and because they were the 
most abundant fish caught in the screw trap. Trap efficiency can vary by a number of variables, 
but fish size and species tend to be the most significant factors. Fish size can affect swimming 
ability and escape potential from the screw–trap. Larger downstream migrants in particular may 
be able to swim around the trap, especially at lower stream velocities (Volkhardt et al. 2007). 
Behavioral differences between species may also affect trap efficiency. For example, some 
species may primarily migrate down the channel thalweg where the screw trap is operating, 
while other species travel along the margins (Volkhardt et al. 2007).       

Bull trout are the primary species of interest for the study. Because bull trout are a federally 
protected species and rare, it will not be possible to directly test the screw trap efficiency on bull 
trout. However, conducting screw trap efficiency tests on a different fish species that are similar 
in size to potentially entrained bull trout would provide a better indication than we currently have 
of the screw trap effectiveness for bull trout. Since adfluvial bull trout rear in streams for their 
first 1-3 years (McPhail and Baxter 1996), potentially entrained bull trout are likely to be larger in 
size then the predominant size of those fish marked and released for screw trap efficiency test. 
Observations made at Rimrock reservoir are consistent with the assumption that entrained bull 
trout will be larger fish. The 19 bull trout entrained from Tieton dam between 2001 and 2003 
ranged from 107 – 650mm in length (James 2002, Heibert et al. 2003, Heibert et al. 2004). With 
advanced coordination, it might be possible to obtain larger rainbow fish from the Naches 
hatchery. Assuming entrainment rates are in the 5-10% range for larger fish, a sample size of 
50 – 100 individuals would be appropriate for statistical analysis. 

We acknowledge that obtaining larger fish for efficiency tests will address size but not species-
specific differences in behavior. Since bull trout are expected to be more benthic oriented in 
their behavior, continued use of hydroacoustic monitoring will help assure that bull trout are not 
undetected because they pass under the trap. 

Optimize hydroacoustic equipment to detect smaller fish 

In advance of conducting hydroacoustic monitoring for the 2011 irrigation season, different 
hydroacoustic frequency settings should be tested at the monitoring location. A number of 
different variables, including water turbulence, bed substrate, and bed morphology, effects the 
optimum frequency setting (J. Shappart, pers. com).  Further optimization of the hydroacoustics 
equipment may enable the detection of smaller fish.   
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Stratify efficiency tests by flow to better estimate entrainment rates over the monitoring period 
and examine the relationship between discharge and entrainment.   

Previous field investigations have found that flow is a significant factor affecting trapping 
operations, affecting both trapping efficiency and migration timing (Volkhardt et al. 2007). 
Particularly if it is of interest to understand the relationship between flow and entrainment (for 
example, to inform dam management) flow-specific entrainment rates should be examined. 
While it would be logistically difficult to examine the relationship between flow and trap efficiency 
for multiple species, hatchery kokanee could be used to identify a general pattern. Hatchery 
kokanee have the advantage of being a reliable source of fish in terms of number and timing 
available. The range of trap efficiencies observed this year (1.3 – 6%), indicates the sample size 
for each strata should be in the range of 84 – 385 fish. 

5.0 Conclusions 

Results from monitoring at Keechelus dam in 2010 indicate that kokanee and pygmy whitefish 
are the most commonly entrained fish. In general, entrained fish were small, approximately 20-
150mm long. Juvenile Chinook captured in the screw trap indicates that not all observed fish 
originated from the reservoir. This observation highlights that the life history and distribution of 
captured species needs to be considered when interpreting data. The fish most commonly 
captured in the screw trap, kokanee and pygmy whitefish are associated with lentic habitats, 
and so it can be assumed that all of these fish were entrained from the reservoir.  With species 
that inhabit both stream and lake environments, some of the fish observed in the screw-trap 
may have originated from downstream. 

A visual observation of the temporal distribution of fish caught in the screw trap indicates that 
entrainment may be related to discharge and reservoir forebay elevation.  However, in 
regression analysis discharge and forebay elevation explained less than half of the variation in 
the number of fish caught. This result suggests that other, unidentified variables are also 
important in determining fish capture rates.  Also, while there is a correlation between discharge 
and total fish captured, understanding this relationship is hampered by potential flow-specific 
differences in screw trap efficiency. 

Results from the first year of monitoring suggest that fish entrained from Lake Keechelus tended 
to be smaller sized and surface oriented. Since the screw-trap is most appropriate for sampling 
smaller and surface oriented fish, future modifications to the monitoring protocol should focus on 
improving the efficiency rate of the screw-trap operation so entrainment rates can be estimated 
with greater confidence.  Since the detection of entrained bull trout, a benthically oriented fish, 
remains a priority for this study, hydroacoustic monitoring should continue to be integrated to 
help ensure that fish do not pass undetected beneath the screw trap. 

No entrained bull trout were detected during the 2010 monitoring period at the Keechelus Dam 
outlet. This observation emphasizes the importance of understanding dam-specific patterns of 
entrainment and indicates that it is inappropriate to apply entrainment rates from Tieton Dam to 
other dams in the Yakima basin. Understanding dam-specific entrainment rates at Keechelus 
and Kachess reservoirs will help prioritize efforts to minimize entrainment between dams. 
Additionally, this monitoring provides information about the important bull trout entrainment at 
the storage dams in relation to other factors impacting bull trout populations. Increased 
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understanding from this new information can help direct the prioritization of bull trout recovery 
actions and allocated available resources to help protect and restore bull trout in the Yakima 
Basin. 
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