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Evaluation of False Attraction of Fish to the  
Project Powerhouse Outfall 
Cooper Lake Project (FERC No. 2170) 
 
 
INTRODUCTION AND BACKGROUND 

Study Purpose 

The Cooper Lake Hydroelectric Project (Project), Federal Energy Regulatory Commission 
(FERC) Project No. 2170, is owned and operated by Chugach Electric Association, Inc. 
(Chugach).  The Project was originally licensed by FERC in May 1957, and the current license 
term expires at the end of April 2007.  To retain its status as owner and operator of the Project, 
Chugach must file a final license application with FERC no later than April 30, 2005.  As part of 
the process of developing an application to relicense the Project, Chugach has undertaken a 
program of studies designed to determine the ongoing and potential future effects of the Project 
on environmental resources. 
 
This document reports the results from the Evaluation of False Attraction of Fish to the Project 
Powerhouse Outfall study.  The primary objective of the study was to provide additional 
information regarding the potential for fish to be attracted or otherwise affected by the water 
exiting from the Project powerhouse. 
 
The research and fieldwork for this study were conducted during 2003.  The study was 
conducted by biologists on staff at Northern Ecological Services and HDR Alaska, Inc., with 
assistance from a geophysical subcontractor.  The study was conducted according to the 
approach described in the Evaluation of False Attraction of Fish to the Project Powerhouse 
Outfall Final 2003 Study Plan (Morsell 2003), which was developed in consultation with 
resource agencies and other relicensing participants.  
 
Description of the Project 

The Project dam and powerhouse are located within the Kenai Peninsula Borough, south-central 
Alaska, approximately 55 miles south of Anchorage.  The closest community to the Project dam 
and powerhouse is Cooper Landing, approximately 4 miles north of Cooper Lake.  Project 
facilities are located on Cooper Creek, Cooper Lake, and Kenai Lake.  In addition, the 90-mile-
long Project transmission line between the Quartz Creek Substation (near Cooper Landing) and 
Anchorage crosses land located in both the Kenai Peninsula and Anchorage boroughs.  Lands 
occupied by the Project are owned and/or managed by the USDA Forest Service (USFS), Alaska 
Department of Natural Resources, and private landowners.  The Project area, licensed Project 
boundary, and ownership/management of Project-area lands are shown in Figure 1.  
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Cooper Lake Dam was constructed in 1957–1959 on Cooper Creek, approximately 4.8 river 
miles from the mouth of the creek at the outlet of Cooper Lake.  The dam raised the elevation of 
Cooper Lake to provide increased storage capacity for hydroelectric generation.  Storage below 
the base of the dam (at elevation 1,168 feet) above mean sea level [MSL]) is provided by the 
natural lake; storage above that level to the top of the Cooper Lake Dam spillway (elevation 
1,210 feet MSL) is created by the dam.  At its licensed normal maximum operating level of 
1,210 feet MSL, Cooper Lake covers approximately 3,100 acres and has a mean depth of 187 
feet. 
 
The Project stores all inflow to Cooper Lake and diverts the entire outflow from the reservoir 
through the tunnel/penstock to the powerhouse, which discharges into Kenai Lake.  The Project 
diverts all outflow from Cooper Lake through the tunnel/penstock to the powerhouse on Kenai 
Lake.  At the powerhouse, the water is directed through either or both of two turbine/generators.  
The powerhouse typically operates part of each day with variable discharge. Maximum 
powerhouse discharge at any time is 380 cfs, and the minimum discharge is 0 cfs.  Average 
outflow through the powerhouse is approximately 100 cfs (72,500 acre-feet/year). 
 
Project-Related Resource Issues Addressed by this Study 

In comments and study requests for the relicensing, agencies raised the question of whether fish 
resources are being affected as a result of the powerhouse outflow into Kenai Lake, and 
requested that Chugach conduct a study to evaluate potential “false attraction” of migrating 
salmon to outflow from the powerhouse.  The concern is that for migrating fish that spawn soon 
after arriving at spawning areas, any delay in migration could reduce the chance for spawning 
success. 
 

STUDY AREA 

The study area broadly included Kenai Lake but more specifically considered the area 
immediately in front of the powerhouse where discharge water mixes with Kenai Lake water 
(Figure 2). 
 

METHODS 

The risk of adverse effects due to possible attraction of migrating fish to the Project powerhouse 
were evaluated using a combination of field measurements and analysis of powerhouse 
operations.  To define the extent of the zone of potential influence of the outflow, water velocity 
profiles were measured in Kenai Lake at the outfall area at a time when the hydroelectric plant 
was operating.  Measurements were conducted using a boat-mounted Acoustic Doppler Current 
Profiler (ADCP).  The instrument used was an RD Instruments “Rio Grande,” which provides a 
velocity resolution of 1 mm/second.  Velocity measurements from surface to bottom were made 
along a series of transects in front of the powerhouse, beginning at the concrete face of the 
discharge sump and moving outward until velocities became negligible.  The end product was a 
series of cross sections representing water velocities across each transect in front of the outfall 
area. 





EVALUATION OF FALSE ATTRACTION OF FISH TO THE PROJECT POWERHOUSE OUTFALL – FINAL REPORT 
 

Cooper Lake Project  Chugach Electric Association 
FERC No. 2170 5 July 2004 

In addition to the field measurements, a description of typical powerhouse operations (daily, 
monthly, annual) was developed for use in evaluating the timing of velocity effects relative to 
timing of migration of Kenai River salmon. 
 

RESULTS 

Typical Powerhouse Operations 

Daily powerhouse operations are variable and not highly dependent on the seasons.  A generally 
typical day would result in operation approximately as depicted in Table 1. 
 
Table 1.  Typical operational day for the Cooper Lake Hydroelectric Project. 

Time Load Condition Approximate 
Output (MW) 

Approximate 
Discharge (cfs) 

6:00 A.M. to 9:00 A.M. Fully loaded – morning peak 19.6 380 

9:00 A.M. to 4:00 P.M. Partially loaded –carrying spin 4 75 

4:00 P.M. to 7:00 P.M. Fully loaded – evening peak 19.6 380 

7:00 P.M. to midnight Partially loaded – carrying spin 4 75 

Midnight to 6:00 A.M. Shut Down 0 0 
 
A number of factors can affect the operation as depicted in Table 1.  Peak hours are normally 
fairly constant, but the partially loaded hours may be affected by a number of system 
requirements.  For example, if other generating units are out of service for maintenance, the 
Cooper Lake plant may be used to make up the lost generating capacity.  Ultimately, the limiting 
factor is the amount of water available in the reservoir, and annual operations will be adjusted to 
utilize the available resources (personal communication, B. Wick, Chugach, 2003). 
 
Characteristics of the Outfall Water Stream 

The results of the ADCP study are presented in Appendix I.  ADCP transect locations are 
indicated on Figure 2.    
 
Generation water exits the vertical turbines at high velocity and falls into a concrete sump 
beneath the powerhouse.  From there the water leaves the powerhouse structure and enters Kenai 
Lake through two pairs of openings, one pair per each generation unit.  Each of the individual 
openings is 7 ft. by 5.25 ft.  The unit pairs are separated by several feet causing the water to enter 
Kenai Lake in two streams.  Because of the difference in the velocity gradient between the 
generation streams and the surrounding lake water, the powerhouse streams were visible in the 
ADCP record.  The discharge from each unit was identifiable as a separate stream close to the 
powerhouse, eventually merging into a single plume. 
 
At low flow (80–100 cfs), the maximum velocity at the closest transect (10 ft. from the 
powerhouse face) was about 1.4 ft/sec within each of the outfall streams.  At 50 ft. from the 
powerhouse the two streams were no longer distinguishable and appeared as one stream with 
velocity of 0.6–0.8 ft/sec.  At 100 ft. from the powerhouse, velocity was less than 0.5 ft/sec. and 
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was no longer clearly distinguishable from the background velocity.  At high flow (325–377 cfs), 
a similar pattern was observed except that the separate streams merged farther out from the 
powerhouse at about 100 ft., and a maximum velocity of 1.3 ft./sec. was still detectable at the 
outermost transect (130 ft.).  The width of the high flow plume was greater than 250 ft. at the 
outer transect.  The behavior of the water streams and the distribution of velocities are described 
in greater detail in Appendix I. 
 
It is evident from looking at the plume of clear water visible in Figure 2 that some of the 
discharge stream maintains its separate identity from Kenai Lake water as far out from the 
powerhouse as about 300 ft.  This plume will have different water quality characteristics than the 
surrounding Kenai Lake water and may have a velocity component depending on distance from 
the outfall and powerhouse discharge.  Water quality characteristics of the outfall stream are 
discussed in the Stream Flow and Water Quality Report (HDR 2004).  There was no indication 
that critical water quality parameters such as dissolved oxygen and gas saturation were 
detrimental to fish. 
 

ANALYSIS AND DISCUSSION 

Kenai Lake provides a migratory corridor for all five species of Pacific salmon as well as Dolly 
Varden on route to spawning sites in various lake tributaries (ADFG 2004).  The lake also 
provides rearing habitat for sockeye and coho salmon and year-round habitat for resident lake 
trout.  Principle salmon spawning tributaries are located along the north shore of Kenai Lake and 
at the extreme east end.   
 
A fish moving along the south shore of Kenai Lake at a time when the powerhouse is operating 
would likely encounter the powerhouse outfall plume.  The water current and the differing water 
quality could attract the fish for a period of time.  If the attraction occurred over a long enough 
period of time, the delay could adversely affect a fish population by delaying or preventing 
spawning.  Several factors act to mitigate this potential effect: 
 

1. Powerhouse operation is intermittent.  On an average day, the plant is shut down 
about 25 percent of the time and carries a low load about 50 percent of the time.  
Migrating fish that may have been attracted during outfall discharge periods would 
likely continue to their destination after the discharge had ceased. 

2. Only one designated anadromous fish stream exists on the south shore of Kenai Lake.  
This stream, Porcupine Creek, is located near the powerhouse and was studied in 
2003.  No anadromous fish were present in 2003 and habitat extent is severely limited 
by fish barriers (see Porcupine Creek Study Report). 

3. No home stream attraction effect would be expected at the outfall.  The natural outlet 
of Cooper Lake, Cooper Creek, has not supported significant salmon runs for many 
years, and there is no reason to think that any salmon returning to native streams 
would be confused by the presence of Cooper Lake water entering Kenai Lake.  
Furthermore, Cooper Creek is 11 miles downstream from the powerhouse outfall 
making interaction between Cooper Creek fish and the Project outfall unlikely.  
Radio-tagging studies of migratory Dolly Varden have indicated that significant 
numbers spawn in Cooper Creek after moving throughout the upper Kenai River 
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drainage with no indication of migratory confusion (Palmer 1998, cited in USFS 
2002). 

4. A study of tailrace attraction to the Bradley Lake Hydroelectric Project (Morsell 
2000) indicated that, while some salmon were initially attracted to the tailrace rather 
than to the Bradley River, few remained longer than 2 days and most ended up at 
spawning areas in the river.  No impact to salmon spawning success was noted in 
spite of the presence of obvious home stream attraction to the water stream and the 
fact that the tailrace was upstream from the river mouth. 

   

CONCLUSIONS 

The outfall discharge creates a discernable plume of Cooper Lake water that can extend as far as 
300 ft. into Kenai Lake and has a width of about 250 ft.  At high flow, plume velocity may be 
higher than background as far as 150 ft. from the powerhouse.  While fish moving along shore 
may be initially distracted, there is little reason to believe that significant delays occur.  The 
intermittent nature of the powerhouse discharge and lack of a home stream chemical signature 
suggest that any attraction will be temporary. 
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