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R.L. & L. ENVIRONMENTAL SERVICES LTD. 

EXECUTIVE SUMMARY 
. .\ . \ \1\.\4-11 


The 1999 investigations of fish entrainment at La loie Dam and powerplant provided insight into the magnitude of the 

"­

problem and the influence of Downton Lake reservoir water elevations on relative entrainment rates. The study relied 


upon fish captures from two fyke nets and two inclined plane traps set immediately downstream of the powerplant 


outfall. A heart trap, set in the forebay of La loie Dam, provided a source of fish for conducting intentional entrainment 


experiments to assist in measurement of downstream trap efficiency. Fish captured during the study were primarily 


rainbow trout. One bridgelip sucker was caught in the each of the forebay and tailrace areas. Coastrange sculpins were 


also commonly caught in the tailrace. Only rainbow trout were used in entrainment experiments and were the only 


species for which sufficient data was obtained to allow the projection of total entrainment estimates. 


Access to the penstock for reliable entrainment experiments was difficult due to safety concerns that prevented boat 

operations near the base of the intake tower. As a consequence, only a limited number of fish could be released into the 

penstock and downstream recoveries were minimal. In one experiment, 28 live fish and two radio tagged fish (one live 

and one dead) were released through a service shaft into the penstock; two of the live fish and one of the radio-tagged 

fish were recorded downstream. Additional experiments involved the release of both fish and radishes immediately 

upstream of the intake, and in the tailrace area immediately below the dam and upstream of the traps. 

Since the availability of fish limited the number of fish that could be released, the most definitive measurements of trap 

efficiency resulted from releases of radishes. Radishes also were released in the service shaft and in front of the trash 

racks at the base of the intake tower. Releases into the service shaft did not result in downstream recoveries while both 

the intake release and the tailrace release provided comparable downstream recovery rates. Since inclined plane traps 

had different catch-rates (11 rainbow trout recovered) than the fyke nets (58 rainbow trout recovered), the fyke nets 

. were used exclusively to estimate total entrainment. Trap efficiency (for radishes) of the combined fyke nets was 4.8% 

based on 48 recoveries from 1000 releases. Based on this efficiency rate, the total expanded estimate of entrained fish 

during the study period was 1185 fish with a 95% CI of 789 to 1581. 

Entrainment estimates during the time period beyond that covered by the sampling program was completed by 

developing a regression model that related forebay catch-rate, temperature, turbidity, and Downton Lake water level 

elevation to downstream fyke net catch-per-unit-effort. Only Downton Lake reservoir water level elevations provided 

any predictive power and consequently was the only variable used in the model. The entrainment of fish was measured 

at levels significantly above zero when the reservoir water levels were below 718 m and increased exponentially as the 

water level dropped to a minimum elevation of 708 m. Estimation of total entrainment from 1 April to 1 August 1999, a 

period believed to encompass most entrainment based on reservoir water levels, resulted in an estimate of 2993 rainbow 

trout with a 95% CI of 1691 to 6005 . 
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These estimates are primarily dependent upon the reliability of the downstream trap efficiency estimates. Potential 

biases include non-entrained fish being captured in downstream traps, dead and live entrained fish being captured at 

rates differing from those observed using inanimate objects (radishes), and changes to seasonal abundance of fore bay 
r fish during the time periods that were not included in the period sampled. These factors could result in either positive or 


negative biases to the estimates provided. Consequently, the data presented are most useful in defining relative affects 


r of water level elevations on entrainment rates and the relative magnitude of the problem, rather than absolute 


measurements of number of fish entrained. Of the fish entrained, approximately 60% were captured without injuries. 


Most of the injured fish recorded were either dead upon capture or likely to die from the injuries sustained. 
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Plate 3 	Side view of the tailrace traps showing IPT 2 in the foreground. The wr is attached to Fyke 2 with ropes 
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1.0 INTRODUCTION 

Downstream passage of fish at hydroelectric facilities is an important issue due to the loss of fish from upstream 

populations and the potential for turbine induced mortality (Sorenson et al. 1998). Considerable research has been 

conducted in this field, although much of the work has been directed towards the downstream passage of anadromous 

salmonids and clupeids. Consequently, there is limited information available regarding the rates of entrainment for non­

migratory, resident species and the mortality caused during turbine passage (Stone and Webster 1992; Sorenson 

et al. 1998). 

Downton Lake reservoir, located in southwestern British C~lumbia, is formed by La Joie Dam. The reservoir is subject 

to large drawdowns that usually occur in the spring when the elevation of the impoundment is lowered to accommodate 

anticipated runoff from snowmelt. During normal operations, draw downs are typically 30 to 40 m. with the reservoir 

reaching a minimum elevation of between 710 and 725 m (Hirst 1991). In some years (e.g., 1971, 1972, 1996), the 

-1 	reservoir has been drawn down (drafted) below this elevation. In 1996, the reservoir was drafted to an elevation of less 

than 700 m for maintenance purposes, a drawdown of approximately 50 m from full pool. When the reservoir is at low 

levels, the availability of lacustrine habitat is limited to the forebay area of La Joie Dam. During extremely low 

. j drawdowns, when the reservoir elevation is less than 700 m, the reservoir habitat becomes completely riverine. The 

potential concentration of fish near the downstream end of the reservoir during these periods of drawdown may increase 

their susceptibility to entrainment. 

The effects of these drafting operations on the resident fish popUlation of Downton Lake reservoir are unknown. 

1 	Entrainment at hydroelectric facilities is site-specific and highly dependent on the fish resources (species and age) 

present. For the non-migratory resident fish populations found in Downton Lake reservoir, the potential susceptibility to 

entrainment would be greatest for fish that come into close proximity to the intake structure (Taft et al. 1992). In 

general, large fish are less susceptible to entrainment than smaller fish of the same species. Consequently, smaller fish 

often constitute the large proportion of fish entrained at hydroelectric facilities (Taft et al. 1992). For non-migratory 

resident fish, entrainment is often accidental, with fish approaching too close to the intake structure and then unable to 

escape the approach velocities. 

J 
Recently, several studies have focussed on the fisheries resources of Downton Lake reservoir and its tributaries 

(Griffith 1998; Tisdale 1998; Stefano v 1998). In addition, numerous fisheries studies have been conducted on the 

Bridge River system. Despite this research, none of the previous studies has addressed the degree of entrainment of 

resident fish species from Downton Lake reservoir through La Joie Dam. 

-) 
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f 1.1 STUDY OBJECTIVES 

In May 1999, R.L. & L. Environmental Services Ltd. was contracted by Be Hydro to conduct the fisheries component 

of a hydroacoustic and fisheries entrainment study at La Joie Dam. The study was scheduled to coincide with a r scheduled drawdown of Downton Lake reservoir to accommodate high runoff volumes from anticipated snowmelt. 

[ 
The hydroacoustic component of the study was originally scheduled to be completed by BioSonics, Inc. in two phases. 

The initial phase was designed to detennine the feasibility of hydroacoustic data collection at the La Joie Dam site. If 
r this was successful, a second phase that involved the collection of hydroacoustic data to detennine fish entrainment 

rates would be implemented. The second phase would also involve the simultaneous collection of fisheries information 

to complement the hydroacoustic program. Due to logistical difficulties and time constraints, only the feasibility phase r of the hydroacoustic program was conducted in 1999 (Stables and McFadden 1999); the fisheries collection program 

was conducted concurrent with the hydroacoustic feasibility study. 
1 

The specific objectives of the fisheries study component conducted by R.L. & L. Environmental Services Ltd. were: 

r • to estimate species composition and relative abundance of fish in the forebay of La Joie Dam; 

• to describe and quantify the degree of entrained fish in the tailrace of the La Joie Dam; and [ 
• to review and summarize existing fisheries reports. 
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2.0 STUDY AREA 

2.1 BRIDGE RIVER SYSTEM 

Downton Lake reservoir is located on the Bridge River system approximately 80 Jan upstream from the Fraser River. 

The reservoir, created by the construction of La Joie Dam in 1951, is used for power generation and also acts as water 

storage for flood control in the Fraser River system and for downstream power generation at BC Hydro facilities on the 

Bridge and Seton River systems (Stables and McFadden 1999). 

The Bridge River is a sixth order tributary of the Fraser River (1:50000 scale, based on Strahler 1956) and is 

approximately 140 kIn long with a watershed of approximately 4700 km
2 

(Figure 2.1). La Joie Dam and Terzaghi Dam 

divide the Bridge River into three sections referred to as the Lower, Middle, and Upper Bridge River. The Lower Bridge 

River below Terzaghi Dam, is 40 kIn long. Carpenter Lake, which is formed by Terzaghi Dam, is 52 Ian long and has a 

surface area of 4900 ha at full pool. The Middle Bridge River extends from the head of Carpenter Lake to La Joie Darn 

'1 	and is less than 5 kIn long when Carpenter Lake is at full pool. 

.J 
The drainage area of the Upper Bridge River watershed, including Downton Lake reservoir, is 980 km

2
• At full pool, the 

reservoir is 27 kIn long, exhibits a mean depth of 30 m and a maximum-recorded depth of 80 m, and has a surface area 

of approximately 2400 ha (Hirst 1991). 

2.2 LA JOIE DAM AND GENERATING FACILITY 
.J 	La Joie Dam is 104 m high and approximately 1000 m long (Hirst 1991). When originally constructed in 1951, La Joie 

Dam was 87 m high. However, the dam elevation was raised by 17 m (elevation 736.1 m to elevation 753.5 m) in 1955. 

An intake tower is situated 88 m upstream of the dam crest in the forebay of Downton Lake reservoir. Four penstocks, 
J 

each with a diameter of 4.27 m, are located within the intake tower. Two penstocks located on the southern end of the 

tower provide water for the hydroelectric generating station located downstream of the dam. Water from these 

penstocks is directed into a single steel conduit, 2.74 m in diameter. This tunnel extends to the generation station, which 

houses a Francis turbine and has a maximum generating capacity of approximately 22 MW (Stables and

J McFadden 1999; Hirst 1991). At maximum generating capacity and reservoir elevation, flow through the tunnel to the 

generation unit is approximately 48 mlls (Stables and McFadden 1999). 

The two penstocks located towards the north side of the tower provide water for a low-level bypass. As with the turbine 

penstocks, water from the bypass penstocks is directed into a single steel conduit (2.74 m diameter). Bypass flows are 

discharged via a bifurcated lOW-level outlet. Flow from the low-level outlet is controlled by two hollow cone valves 

(Stables and McFadden 1999). When the reservoir is at full pool, an uncontrolled agee spillway located at the north end 

\ of the dam bypasses excess water. 

J 
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2.3 FISHERIES RESOURCES 

The Bridge River system supports both anadromous and resident fish species. However, anadromous species are 

restricted to the Lower Bridge River, and cannot ascend upstream past Terzaghi Dam. In Carpenter Lake, the reservoir 

formed by Terzaghi Dam, the resident species include rainbow trout (Oncorhynchus mykiss), bull trout (Salvelinus 

confluentus), and mountain whitefish (Prosopium williamsoni; Hirst 1991). In addition, kokanee (0. nerka) have been 

introduced to the reservoir (Hirst 1991). 
" 

Information on fish use of the Middle Bridge River, upstream of Carpenter Lake and below La Joie Dam, is limited. 

Kokanee from Carpenter Lake likely use the Middle Bridge River for spawning in the fall (Le., based on information 

obtained from the Fisheries Information Summary System for B_C.). Coastrange sculpin (Cottus aleuticus) and 

longnose sucker (Catostomus catostomus) were recorded-in the Middle Bridge River. In addition, slimy sculpin 

(c. cognatus) have been recorded in the Hurley River, a large tributary of the Middle Bridge River. 

In Downton Lake r~_servoir, previous studies have indicated that rainbow) trout and bull trout are the only fish species 
" . 'r" Jf, , " \'s, \.A~ p",."" . "", ~ ",I:f'\J \ 1.(,,~",mJ -1 

.J 

present (Griffith 1998; Stefanov 1998; Tisdale 1998). Stefanov (1998) conducted e~egill netting in the reservoir, 

including sampling near the dam forebay. Rainbow trout were captured at various depths in several locations within the 

reservoir. Bull trout were not captured in the forebay area. Based on previous study results, rainbow trout are the ()nh 

species preselU..in the forehay area 8ftd represent the dominant species in the reservoir. 1:" C (I..( Jilt(5 4Lu. (~r-t b'-J 
M--e.;'b~ 

1 
1 

J 

J 
I 
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r
 3.0 METHODS 

r 3.1 PHYSICAL DATA COLLECTION 

The study team on a daily basis from 22 May to 17 June 1999,recorded reservoir water surface elevation and power 
t generation data! Elevation data were recorded from a pressure transducer system (digital display unit) installed by 

Be Hydro on the intake structure. Power generation at the La Joie facility was recorded from a display located on the 

control panel within the powerhouse. In addition, water temperature and turbidity data for the reservoir were recorded r .r:-"I~\v ~ ..,; \'.l 
from 31 May to 17 June 1999. All data were obtruned from a site located on the west shore of Downton Lake reservoir, 

in the forebay area (Figure 3.1). Using an optic turbidity m~ter, three separate turbidity measurements were recorded at r the site; the three values were averaged to obtain a mean turbidity value. Water temperatures were obtained using a 

handheld digital display thermistor accurate to ±l0c. 
1 

In addition, water temperature, turbidity, and river levels were recorded daily at two monitoring sites (LAJ 1 and LAJ 2) 

on the Middle Bridge River (Figure 3.1). Turbidity and temperature measurements were recorded at each site using the r (f'b\ .1;.. \;\"., ~~) 
same techniques employed for the reservoir. River levels were recofded to the nearest centimetre from staff gauges 

installed in the river at the two monitoring sites. Site LAJ 1 was located at the road crossing near the town site of [ Goldbridge and downstream from the confluence with the Hurley River (Figure 3.1). Site LAJ 2 was located on the road 

crossing for the Hurley Forest Service Road, upstream of the Hurley River confluence and approximately 1 Ian 

downstream from La Joie Dam. 

At Goldbridge, the minimum and maximwn air temperatures were obtained on a daily basis at hourly intervals from a r continuous recording thermistor. In addition, the amount of precipitation, percent cloud cover, wind direction, and wind 


velocity were visually estimated at approximately 1400 h each day. 
L 
3.2 TAILRACE SAMPLING 

To capture fish in the tailrace area, two floating fyke net traps (Fyke 1 and Fyke 2) and two inclined plane traps (IPT 1 


and IPT 2) were positioned in the tailrace of La Joie Dam. The traps were situated approximately 100 m downstream 


from the powerhouse (Figure 3.1). The traps were accessed from the south side of the river using a Zodiac inflatable 1 
 boat, which was attached to a tether line that extended from the shore to the traps (Plate I). 


l The tailrace traps were operated from 21 May to 15 June 1999. Fyke 1 and IPT 1 became operational on 21 May with 


IPT 2 and Fyke 2 operational on 23 May. All four traps were temporarily removed from service for repair on 12 June. 


All of the traps were checked twice daily at approximately 12 h intervals. At each servicing, all fish were removed from 


the live boxes using dip nets and placed in 20 L buckets (plate 2). Fish from each of the four traps were kept separate 


and transported to the southeast shore of the Bridge River where they were processed (see Section 3.4). 

L 

l 
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~I ff 3.2.1 FLOATING FYKE NETS 

Each fyke net trap was supported on a 6 m long by 2 m wide floating platform (Plate 3). The mouth of each fyke net 

was 0.83 m deep by 0.71 m wide and was attached to a rectangular metal frame that was secured to the platform. The r cod end of the net was attached to a live box, which was supported by the floating platform. On Fyke I, the net depth 

was flxed, and the net sampled from 0.14 to 0.97 m below the surface. On Fyke 2, it was possible to set the net at one of r three pre-set depths. Net depth was set to sample from 0.37 to 1.2 m for the entire sample period. 

r To maintain the traps in position, a cable was pulled across the Bridge River and anchored on each shore. The cable was 

attached to a large tree on the south shore. On the north shore, where the bank was much steeper, the cable was attached 

to several concrete blocks positioned on the top of the bank.. near the access road to the powerhouse. The anchor point 
r for the north shore was considerably higher than the anchor point for the south shore. A 3 m long "choker" cable was 

attached to the main cable and anchored into a large boulder along the lower bank of the river to ensure that the main 
{ cable was kept approximately level for the section that spanned the river. 

Each floating fyke net platform was attached to the main cable with a 30 m long wire rope bridle. The bridle was r attached to a pulley and could slide along the main cable crossing. Ropes attached to the pulley allowed the trap to be 

pulled across the river from either shore and positioned in the main flow of the river channel. 
[ 

3.2.2 INCLINED PLANE TRAPS 

Each IPT trap consisted of an inclined aluminum punch-plate screen and live box secured between two aluminum f 
pontoons. The trap was approximately 2.5 m long and 1.5 m wide; the plane was approximately 0.7 m wide. The angle 

of the inclined plane was fixed, although an aluminum plate attached to the top of the plane could be pivoted up or r down to adjust the crest of water in the live box. The depth of the trap could not be adjusted. Both IPTs sampled the 


water column from the surface down to a depth of 0.5 m. 


L 
The IPTs were secured to the outside of the floating fyke nets with ropes. One IPT was positioned near the stem of each 


fyke net, allowing the IPT to be serviced from the crew platform on the fyke net (plate 3). IPT 1 was operated from 


21 May to 16 June 1999; IPT 2 was operational from 23 May to 16 June 1999. 


l 3.3 FOREBA Y SAMPLING 

Heart traps and gill nets were employed to capture flsh in Downton Lake reservoir. Although the heart traps were the 
L primary method for fish collection, two small-mesh gill nets (6.4 em stretched measure) were set to determine if 


additional uninjured fish for the entrainment experiment could be captured. 


1 


L 
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One heart trap, supplied by Be Hydro, was set in the shallow areas on the west shore of the fore bay near the road access 


(Heart 1; Plate 4). This trap was operated at this location from 30 May to 4 June 1999 and then moved to the east shore 


of the reservoir (Heart 2) on 5 June to reduce debris fouling (Plate 5). The trap was operated in this location from 5 to 


12 June 1999. A second trap was supplied by B.c. Ministry of Environment, Lands and Parks and was employed from 


8 to 12 June 1999. This trap was also set on the east shore (Heart 3), in a small bay (Figure 3.1). All of the traps were 


serviced using a Zodiac inflatable boat with a 15 Hp outboard motor. In general, the traps were checked daily. Live fish 


were removed from the trap into two 40 L holding tubs and transported to a net pen (see Section 3.4). The fluctuating 


reservoir levels required that the heart traps were serviced daily to ensure they were operating properly. Following 


retrieval of the fish, the nets were repositioned to optimize their performance. 


Wind conditions and debris loading, especially at Heart I, likely affected trap efficiency. Heart 1 was located along the 

northwest shore of the reservoir and was subject to greater debris loading due to exposure to prevailing winds. Winds 

were very strong on 4 June 1999, which resulted in debris, including large logs, small woody debris, and small pieces of 

pumice, becoming entangled in the net. The large logs caused the lead portion of the heart trap to submerge in several 

places . 

3.4 FISH DATA COLLECTION 
Fish collected in the tailrace area were identified to species, measured for fork length (R. to the nearest millimetre), and 

weighed (to the nearest gram). In addition, ageing structures (primarily scales) were collected from all sportfish species. 

Both live and dead fish were examined for external damage. External injuries were classified into the following six 

categories: 

• missing eye; 

• lacerations; 

• severed body part; 

• impact injury; 

• internal hemorrhaging; and 

• external bruising. 

The level of scale loss was also estimated to the nearest 10%, but differentiation between trap-induced versus 

entrainment-induced scale loss or injury was not attempted. Dead fish were retained and frozen intact for subsequent 

use in experimental releases. However, in an attempt to gain a better understanding of the nature of turbine-induced 

injuries, some of the fish were examined for internal injuries. Rainbow trout captured in the tailrace area were marked 

by clipping the adipose fin. All fish captured in the tailrace traps were released downstream from the traps. 

Downton Lake Reservoir Fish Entrainment Study, 1999lnvestigatioDS Palle9 
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f Fish collected in the fore bay area also were identified to species and measured for fork length (FL to the nearest 

millimetre) and weighed (to the nearest gram). Ageing structures (scales) were collected from sportfish species. Fish 

were retained until sufficient numbers were collected to conduct the entrainment experiments. Fish captured were 
r initially transferred to a holding pen located in the forebay. The holding pen was relocated to the tailrace area on 

7 June 1999 to reduce the likelihood of net pen damage from wave action in the reservoir. Fish captured in the forebay 
t were marked with a series of fin clips or punches to uniquely identify the experimental group. The marking included 

clipping of the caudal fin as well as punches through the caudal and dorsal fins. 

r 3.5 TRAP EFFICIENCY EXPERIMENTS 

To determine the capture efficiencies of the downstream traps, several trap efficiency experiments were conducted. r These experiments included: 

• the release of live fish into the penstock; 

• the release of inanimate objects (e.g., radishes) into the penstock; 

r • the release of radio-tagged fish into the penstock; 

• the release of dead fish into the tailrace, upstream from the tailrace traps; [ 
• the release of inanimate objects into the tailrace, upstream from the tailrace traps; and 

• the release of live fish into the tailrace, upstream from the tailrace traps. 

Live fish collected in the forebay were retained for the trap efficiency experiments. In addition, dead fish collected in 

the tailrace traps also were retained for trap efficiency experiments; however, live fish collected from the tailrace area r were not used for entrainment experiments. 

L 3.5.1 PENSTOCK RELEASES 

To determine the efficiency of the dowpstream traps, the study team released live fish as well as inanimate objects into 

\1lC.~\ 0(.. \--\)lr~ jlt:'t.\J tt>\.~',rt""-\.""~ 


the turbine intakes. Since~fegYlati9ftS prorubited the use of boats in the forebay near the intake structure, all work 


was conducted from the platform of the intake tower. i I 
l 

Fish and inanimate objects were introduced into an access shaft that lead to the penstocks (FIgure 3.2). Test objects 

were lowered into the shaft in a bucket and released using a remote mechanism that emptied the contents of the bucket 
L when the bucket reached the desired depth. Test objects could not be lowered directly into the penstock area because of 

a jog in the service shaft (Figure 3.2). In total, 190 radishes were released into the shaft on one single occasion on 

3 June 1999. In addition, 30 marked rainbow trout (29 live, one dead) were released into the penstock via the access 

shaft on the same day. The rainbow trout were uniquely marked with a fin clip, which allowed them to be identified 

from other fish marked during the study. 
L 
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I: To help determine movements of fish out of the intake structure, two radio-tagged rainbow trout (one live and one dead) 

were introduced into the access shaft. American Telemetry Systems (ATS) low frequency radio tags (41.460 and 41.640 

MHz) were employed for the study. Each tag weighed approximately 9 g. To reduce the effects of the implantation, the 
r live fish selected for radio tagging exceeded 300 g in weight. Prior to implantation, this fish was anaesthetised by 

immersion in a bath of water mixed with clove oil (70 mg/L) following the methods outlined in Anderson et aI. (1995). 

r The radio tag was implanted into the stomach of the fish by manually inserting the tag into the esophagus. The antenna 

was allowed to protrude from the mouth of the fish following implantation. The fish recovered in a tank of water and 

was held for 1 h prior to release. The field crew monitored the movements of both the live and dead radio-tagged fish to r detennine if they were entrained through the power facility and into the Middle Bridge River. The area downstream of 

the dam was monitored continuously using an ATS radio receiver equipped with a whip antenna for several hours 
r following the release of the radio-tagged rainbow trout. 

The study team also attempted to entrain inanimate objects and other fish by releasing them directly in front of the I intakes in the forebay. Due to the design of the intake structure, the fish could not be lowered directly from the top of 

the intake structure (Figure 3.2; Plates 6 and 7). Therefore, a 5 m long boom was attached to the intake structure directly 
r overhead of the southeast intake to ensure that objects lowered to the water would not strike the trash rack structure 

when lowered below an elevation of 697 m. A pulley was secured at the end of the boom to aid in raising and lowering 
[ the release device. 

The test objects were placed inside a plastic 20 L bucket fllied with water. A short section of pipe was attached to the 
I bottom of the pail to ensure that the bucket and its contents would sink when lowered into the water (plate 8). The 


bucket was lowered to the desired depth (i.e., in front of the intake) using a rope threaded through the pulley. To retain 

[ the contents of the bucket when in the water, a mesh cover was positioned over the top of the bucket and secured in 


place with a rubber cord. A second rope was attached to the rubber cord, and when pulled, removed the cover from the 


bucket and released the contents. This technique was repeated several times using small quantities of radishes and 
L oranges until the proper release technique was developed. Oranges were only used to develop this technique and were 


not deployed in the entrainment tests. 


Once the technique was established, an experimental release of 300 radishes was conducted on 4 June 1999. Following 


the release, the downstream traps were checked for recaptures. On 11 June 1999, 11 rainbow trout (10 live, 1 dead) also 1 

were released in this manner. For both releases, the bucket was lowered to a position directly in front of the intake, 


where water velocity and therefore entrainment, was presumed to be the highest. 

l 
l 
I 

L 
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3.5.2 TAILRACE RELEASES 

In addition to the penstock releases, fish and inanimate objects were released directly into the tailrace from immediately 


below the powerhouse to test the efficiency of the traps. An initial trial release of 200 peanuts (in the. ~hel1) was 

t· .I' " ,. (' , ! 

conducted on 22 May 1999. However, the use of peanuts was discontinued because of unsatisfactory result's. Radishes 

were employed for subsequent releases. In total, 1200 radishes were released in three separate experiments conducted 

on 23 May (n=200), 1 June (n=500), and 8 June 1999 (n=500). On all occasions, the release objects were placed in 22 L 

buckets and were released simultaneously into the tailrace ~om the ledge at the downstream end of the powerhouse. 

Following the releases, the traps were checked to detennine recaptures. 

Live and dead rainbow trout also were released directly into the tailrace to determine trap efficiency. On 1June 1999, 

62 live rainbow trout were released. The fish were uniquely marked with a hole punch in the caudal fin to distinguish 

them from other fish marked during the study. Thefsh.we~transported from a holding pen in the forebay area to the 
C . I ThUJ tankLV' \"'I ~ ~ Ii d . h th fi h ., d' powerhouse m a arge, truck-mounted tank. ell was supp e WIt oxygen to ensure e s were mamtame m 

good condition during transportation. The fish were transported from the truck into the powerhouse in 25 L buckets and 

placed in one of two holding tanks positioned on the ledge near the tailrace. Once all of the fish were in the tanks, the 

fish from both tanks were simultaneously released into the tailrace. 

\\~~ ....,""')
( 
. 

On 4 June 1999, ~ead rainbow trout were released into the tailrace. To increase the number of released objects, a 

mixture of whole fish and fish parts were released. Smaller fish were retained whole for the experiment. Larger fish 

were cut into several pieces, each approximately 100 mm long. All of the dead fish were placed in one bucket and 

released into the tailrace from the ledge on the powerhouse, similar to other tailrace releases. The traps were checked for 

recaptures following the releases. 

3.5.3 TRAP EF@IENCY AND ENTRAINMENT ESTIMATION 

The initial study plan involved determining the trap efficiency estimates from the one-site mark-recapture experiment 

by minor modification of the methods described by Carlson et al. (1998). Radish recovery experiments were the only 

test that provided adequate information to estimate trap efficiencies. Recaptures of marked fish releases were of 

insufficient number to provide useful information. 

The terms used in the formula to calculate trap efficiency are defined as follows: 

h = stratum index (capture period or specific type of test and a corresponding trap efficiency trial); 

= daily capture period corresponding to an assumed fixed reservoir water elevation level; 

L = number of strata or periods (h =1,2, ..., L); 

Mh = number of marked objects released in stratum h; 

M = total number of marked objects released (= 1: Mh
); 

m. = number of marked objects recaptured in h; 

Downton Lake Resenoir Fish Entrainment Study, 1999lnvestigations 
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U, = number of fish caught in trap during strata h; 


u; = number of fish caught in trap during the ith day; 


N, = total fish population size in h,; 


N = total fish population size (= LN.); and 


e, = object capture probability (trap efficiency) in h (= m,/M,) 


The parameters L, M" and M are known and the random variables are Ub and m. All captures occur at one location so 

that M and M, refer to the upstream releases. 

The objective is to estimate the entrained fish population by'applying an estimate of trap efficiency to the number of 

trapped fish. The variety of mark release methods used requires that each experiment is considered as a separate stratum 

unless the data indicate recovery rates are not distinguishable. For each stratum h, the fundamental estimator is a 

Peterson estimate of the unmarked population: 

N = uhMh h , (1) 

mh 


An approximately unbiased estimate of N. is: 

Nh = uh(Mh+1) (2) 
mh +1 

An approximately unbiased variance estimate of Nhis: 

v(N)= (Mh +1Xuh+mh +1XMh -mh"h
h(3) 


(mh+1Y(mh +2) 


The approximately unbiased stratum estimators are Nhand v(Nh) The total fish entrainment estimate for the period 

that was sampled is: 

A ~L " 

N =£..Jh=1 Nh (4) 

and the variance estimate is: 

V(N)= L~=IV(Nh ) (5) 

} 

r,
" ", 

r' 

r. 

r 

r 

r 

I 

r 

[ 


I 

[ 


L 


l 

l 


L 

I 
L 
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An approximate 95% confidence interval for Nis: 

N± 1.96~v(N) (6) 

Strata were aggregated by testing for consistency. The null hypothesis <Ho) of constant capture probability over all 

sampling periods was tested using a Chi-square test of homogeneity. If the test was non-significant, the strata were 

pooled (equivalent to accepting Ha) and the estimator was applied to estimate N (Equation 2). The advice of Carlson 

et aI. (1998) was followed to set a conservative significance level for accepting Ha of a=O.lS). The method consists of a 

test of homogeneity for the rows of an L-by-2 contingency table of M-R counts. Tag loss in all experiments was 

assumed to be zero. As sufficient samples were not obtained to distinguish among temporal strata, the variance and 

mean were estimated from aggregated samples over mark-recapture tests that were homogeneous. 

These methods allow estimation of entrainment while the trap studies were ongoing. Projections of the number of fish 

-1 entrained throughout the study period were based on a relationship of CPUE (catch-per-unit-effort) of the downstream 

traps to reservoir water elevations. Assuming this relationship did not change over time, the proportion of the total 

number of fish entrained during the time period of this study could then be estimated by applying the catch-rate over the 

J range of reservoir elevations during the time periods when entrainment was likely. The estimate is bound by the 

projection confidence limits of the regression relationship. For these confidence limits to be unbiased., an assumption is 

required that the observed relationship must hold over time; the accuracy of this assumption has not been determined. 

J 
Catch for each day (u) was regressed against reservoir water level elevations after transformation following Sokal and 

Rolf (1981) by: 

Log(uj +1) = a + f3. Elevj +e (7) 

The prediction standard error at each lake elevation on the ith day equals: 

" 2 1 (Elev) I -(Elev) (8) S = s 
[
1+-+ ----2] J Log("i+1) ~ n I,d(El,,), 

where s'=the variance of e from Equation 7 and d(Elev)=the mean deviation of Elev. The confidence interval for catch 

at each i is: 

" 
Clos =Log(ui +1)+tos(n_2) -sLog(u; +1) (9) 

_J 
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r 

The estimate of the total nwnber of fish entrained during the expanded period was estimated by: r 
N=L ~EX? (Lo!.(Ui+l))-l ] 

r (10) 

[ The 95% confidence bounds were estimated by substituting the maximum and minimum values resulting from 

Equation 9 for Log(u;+lJ into Equation 10. The variance component from Equation 5 was not included in the estimate. 

The biases associated with applying catch-rates based on inanimate object recoveries and the presence of fish other than r those entrained in the tailrace most likely overwhelm sampling errors; consequently total population estimates should be 

considered as indices of relative abundance rather than estimates of actual entrainment levels. Confidence in the 
r estimate of total entrainment should be based on the confidence in the assumption that trap catch-rates and inanimate 

object trap efficiencies reflect capture of entrained fish and trap efficiency of entrained fish. 

1 

r 
[ 

r 
L 

l 

l 


L 
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4.0 RESULTS 

4.1 PHYSICAL DATA 

At the commencement of the study, reservoir elevation was 708.13 masl (all reservoir elevations are given as metres 

above sea level unless specified otherwise). Reservoir levels during the study decreased to 708.0 m on 23 May 1999, 

then steadily increased until the termination of the study on 17 June 1999 (Appendix A, Figure AI). At the completion 

of the study, reservoir elevation was recorded at 718.18 m, All physical data recorded during the study are included in 

Appendix A, Table AI. 

In general, generation at the La Joie Dam powerplant incre.ased with rising reservoir levels. The lowest generation of 

6.5 MW was recorded on 24 May 1999, when reservoir elevation was 708.09 m. Generation had increased to 13.3 MW 

by 17 June 1999 when the project was completed. Major alterations in the operation of the La Joie dam powerplant 

were not made from the beginning of the study until 16 June 1999. The increase in generation of the plant over the 

-1 course of the study was the result of increased head as reservoir levels rose. On 16 June 1999, flow was diverted from 

the turbine through the low-level release structure. -This resulted in a substantial alteration of the flow regime in the 

tailrace area, The tailrace traps were damaged during this event and the sample program was subsequently discontinued. 
1 

Discharge in the tailrace area of La Joie Dam increased approximately 0.14 m throughout the study period as reservoirj 'ilHJ 
levels increased (Appendix A, Figure AI). In the Bridge River downstream of the Hurley River confluence d:J r (,'(3 

\1\ C N\'. (Site LAJ I), water levels ranged from 1.16 to 1.87 m (Appendix A, Figure AI). 

] Surface water temperatures in the forebay area of Downton Lake reservoir ranged from 11.5°C on 31 May 1999 to 

20.0°C on 15 June 1999 (Appendix A, Table AI). In the Bridge River at LAJ 2 (upstream of Hurley River), water 

-j 

J temperatures over this same period ranged from 8,0 to 11.8°C. Downstream of the Hurley River at LAJ 1, water 


temperatures in the Bridge River ranged from 2.9 to 8.7°C and were generally lower than temperatures recorded at 


LAJ 2. Temperatures at LAJ 1 were affected by the influence of the Hurley River. During periods of snowmelt, as 


indicated by high turbidity levels, water temperatures <;lecreased substantially. During these same periods, water 


temperatures and turbidity in the tailrace area remained relatively stable. 


~YI~ fU(fv '';'
?' i:· 

Debris loads in both the reservoir and the tailrace were highly variable and appeared dependent on wind conditions on t\bt~,." 

the reservoir. Debris loads in the traps were considered low during approximately 85% of the trap checks, medium on 

8%, and high on 7% of the occasions the traps were checked. \'n-e \ Il t. ~ ;,'" ~ n t t \ t J ~ \-.t V., r ~ \'" J. 

-) 
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4.2 FOREBA Y FISH SAMPLING r ""Crt
Rainbow trout w)l's the dominant fish species captured in the forebay of La Joie Dam during sampling in 1999. In total, 

161 rainbow trout were captured d¥ng sa9'lpling in the forebay; 159 w~captUred using heart traps and two w~e r capVed during trial sampling with gill nets. In addition to rainbow trout, one bridgeJip sucker was captured in a heart 

trap (AppendixB,TableBl). ~ ot \\l't\~\\O~l ( rV~ \ L \.\ r~l\\~tl· a1") r ".Ij\J ~,r.l \' t '<\l -(;.h\~ 
U\t'" ;i\ \'I'Iq ~ 

Rainbow trout captured in the forebay ranged in fork length from 104 to 338 mm (Figure 4.1). The weight of captured 

r rainbow ranged from 14 to 360 g. All of the rainbow trout captured in the forebay were retained for trap efficiency tests. 

The bridgelip sucker was 440 mrn long and weighed 1336 g; this fish was released unmarked into the reservoir. Several 

size-classes of rainbow trout were captured during sampling in the forebay (Figure 4.1). The heart traps were selective r in capturing larger rainbow trout, with the majority (71 %) of fish being greater than 200 mm. 

1 The CPUE for the heart traps varied considerably during the course of the study (Appendix B, Table B2). In general, 

CPUE values for the heart traps decreased over the course of the field program, with the highest catch-rate (0.50 fish/h) 

obtained on 31 May 1999. As the reservoir level increased, heart trap catch-rates may have slightly declined r (Figure 4.2). 

[ 
4.3 TAILRACE FISH SAMPLING 

In total, 89 fish were captured in the traps located in the tailrace. Of the fish captured, 72 were rainbow trout, with the I remainder composed of coastrange sculpin (n=16) and bridgelip sucker (n=l). Four partial rainbow trout carcasses were 

recovered in the tailrace traps. In addition, internal body parts were recovered on several occasions in the traps, 

including eyes and pyloric caeca. One rainbow trout released alive into the tailrace area after capture in the tailrace traps r was subsequently recaptured in Fyke 1. This fish was the only recapture of a fish released into the tailrace. 

L Fork lengths of rainbow trout captured in the tailrace traps ranged from 79 to 337 mm; weights ranged from 4 to 404 g 

(Appendix B, Table B 1). Total lengths of the coastrange sculpin captured in the tailrace traps ranged from 53 to 73 nun. 

The bridgelip sucker captured in the tailrace had a fork length of 374 mm and weighed 514 g. The size-classes of 

rainbow trout captured in the tailrace were similar to those captured during sampling in the forebay (Figure 4.1). 

Smaller fish constituted a larger portion of the catch in the tailrace than in the forebay; 34% of the fish captured in the L tailrace were less than 200 rom FL. 

l Captures in the tailrace traps generally declined throughout the study at a much faster rate than was observed in the 

heart traps (Appendix B, Table B3). For rainbow trout captured in the fyke nets, daily CPUE values for the tailrace fyke 

net catches combined ranged from 0.07 to 0.20 fish/h per trap (Figure 4.3). Mean catch-rates were substantially different 

between the IPTs (Appendix B, Table B3). The CPUE for Fyke 1 was highest, with a mean CPUE of 0.09 fish/h. Fyke 2 

had the next highest capture rate at 0.034 fish/h, followed by IPT 1 (0.019 fish/h) and IPT 2 (0.006 fish/h). 
L 

l 
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L Figure 4.3 	Catch-per-unit-effort (CPUE) for rainbow trout captured in the tailrace fyke nets and corresponding 
surface elevations of Downton Lake reservoir, 22 May to 17 June 1999. 
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4.4 FISH INJURY 

Rainbow trout were the only fish species captured in the tailrace traps that showed any indication of injury; dead 

sculpins or suckers were not recovered. In total, 31 dead rainbow trout (including four partial carcasses) were recovered 

in the tailrace traps. This represented 43% of the total rainbow trout catch from these traps. 

Scale loss was the most common injury recorded for rainbow trout captured in the tailrace traps, with 53% of fish 

(excluding partial carcasses) exhibiting some degree of scale loss (Figure 4.4). A higher degree of scale loss was noted 

among the dead rainbow trout. Of the 31 dead rainbow trout recovered (excluding partial carcasses), 51% (n=16) had 

greater than 5% scale loss and 35% (n=11) had greater than 40% scale loss. Among live rainbow trout, the degree of 

scale loss was lower. Only one live fish had scale loss that exceeded 5% and none were captured with scale loss that 

exceeded 10% (Appendix B, Table B4). 

In addition to scale loss, 36.8% (n=25) of the rainbow trout were injured in some manner that could be observed by the 

field crews. Other than scale loss, lacerations were the most common injury observed, with 12 (28%) of the 43 fish 

possessing at least one laceration (Figure 4.5). External bruising (n=8; 19%) and internal haemorrhaging (n=?; 16%) 

were the next most common fofillS of injury. Severed body parts, impact injuries, and missing eyes also were noted 

(Appendix B, Table B5; Plate 9). Injuries of any type were not observed on the sculpins or on the bridgelip sucker 

captured in the tailrace traps. 

Turbine induced injuries were less frequently recorded for smaller rainbow trout, especially those less than 150 rom FL 

(Figure 4.6). Injuries were not observed on rainbow trout less than 110 rom FL and only one fish less than 150 rom FL 

suffered some form of injury other than scale loss. 

4.5 TRAP EFFICIENCY EXPERIMENTS 

4.5.1 TAILRACE RELEASES 

The release of radishes and peanuts were the two methods used to determined capture efficiencies of the tailrace traps. 

Peanuts, which were employed in an initial trial, proved .to be unsuitable for use in entrainment experiments because 

they floated and were easily affected by the turbulence in the tailrace area. Many of the peanuts released into the tailrace 

area were washed onto the river banks immediately downstream of the powerhouse. In addition, since the peanuts 

floated, they were not suitable for determining the efficiency of the fyke nets, which did not sample the surface of the 

water column. Of the 200 peanuts released into the tailrace, only 6 were recovered (Table 4.1). All of the peanuts were 

recovered in IPT 1. Based on these results, the use of peanuts was discontinued as a method to determine trap 

efficiencies. 
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f Table 4.1 Summary of experimental releases conducted to test tailrace trap efficiency, 25 May to 12 June 1999. 

Release Location Object Date No. Released No. Recaptured 


Tailrace Peanuts 22 May 200 6 
r Radisnes 23 May 200 18 


Radisnes 1 June 500 39 

[ Live rainbow !rout 1 June 62 0 

Dead rainbow trout 4 June 46 1 

Radishes 8 June 500 24 
r Penstock (via service shaft) Radishes 3 June 190 0 


Rainbow !rout 3 June 30' 2 


(via intake) Radishes 4 June 300 23 
r Live rainbow !rout II June 10 0 


Dead rainbow trout II June 1 0 

-

• Includes 29 live fish (one with an implanted radio tag and 28 marked with a fin punch) and one dead fish with an implanted radio tag. 

r Radishes proved to be the more effective of the two methods employed, but as was observed for the peanuts, the 

dispersal of radishes also was influenced by turbulence in the tailrace. After release, many radishes were carried into the [ 

nearshore eddies, especially near the low-level outlet. Following releases on 1 June and 8 June 1999, radishes were 

recovered in the downstream traps for several days. In total, 1200 radishes were released into the tailrace on three 

separate occasions. Of these, 81 were recovered in the traps (Table 4.1). However, unknown to the field crew, Fyke 1 

became non-operational during part of the release period on 8 June 1999 because of a mechanical failure, which reduced 

the recapture rate. Consequently, data from this trial were excluded from the analysis. 
r 

Live fish (n=62) also were released into the tailrace area but none were recaptured in the tailrace traps. Of the 46 fish 

parts released into the tailrace on 4 June 1999, only one was recovered. L 

4.5.2 PENSTOCK RELEASES 

None of the 190 radishes released into the service shaft were recovered in the tailrace traps (Table 4.1). After their 

l 
! 

release. radishes were observed floating on the water surface in the service shaft. Of the 28 marked rainbow trout 


released into the service shaft on 3 June, two were recovered in a downstream tailrace fyke net. Of the 300 radishes 


l 
t released in front of the intake on 4 June, 23 were recovered in the tailrace. 

The two radio-tagged rainbow trout (Le., one live and one dead) released into the service shaft were monitored by radio 


receiver for several minutes following release on 3 June 1999. The radio signal from the live rainbow trout was picked 


up in the Middle Bridge River, below La Joie Dam, approximately 8 h after release. The fish was tracked down river to 


near the Hurley River confluence and subsequently remained near this point. The radio signal from the tag implanted in 

L the dead rainbow trout was not received following release. 

i 
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None of the 10 live and one dead rainbow trout released in the fore bay in front of the penstock intake were recaptured 


(Table 4.1). 


4.6 ENTRAINl\tIENT ESTIMATES 

Estimates of entrainment could only be completed by making certain assumptions about the recapture experiments and 

how they applied to fish that were naturally entrained (Appendix C, Tables Cl to C5). The type of traps used in this 

study would be expected to have different capture rates for live fish than for dead fish. In addition, live fish could 

originate from downstream locations (i.e., from within the tailrace) and not reflect the entrained population. The optimal 

method of obtaining accurate trap efficiencies is to intentionally entrain marked fish and observe their downstream 

recovery rates. In the present study, the difficulty in accessing the penstock inlets required conducting a range of other 

experiments to provide an assessment of downstream trap performances (Appendix C, Table Cl). 

Live fish released in the tailrace were not recaptured; releases of dead fish were limited by the number of dead fish 


available and resulted in only one recovery. Of 28 tagged live fish released into the penstock via the service shaft, two 


were recovered in the downstream traps (Appendix C, Table Cl). These data are insufficient to allow a credible 


population expansion based on downstream capture rates. However, the several experiments using radishes resulted in 


sufficient recoveries to provide an estimate with statistical limits on the estimated trap efficiency. The assumption that 


dead fish recapture rates were similar to the radish recapture rate is most likely not valid. However, applying the radish 


recovery estimator and its variance to the trap capture rates provided some idea as to the magnitude of entrainment that 


occurred during the study period. 


Trap efficiency estimates by mark and recapture were tested for homogeneity by a Chi-square test, prior to aggregation 

(Appendix C Table C2). The IPTs captured only 11 rainbow trout compared to the 58 rainbow trout caught in the fyke 

nets. The radish experiments were treated separately for the other tests. The service shaft releases did not result in 

entrainment; therefore, these data were excluded from the analysis. One intake release and three tailrace releases of 

radishes were examined for consistency of recovery rates in the fyke nets. Only the 8 June 1999 release provided a 

recovery rate (1.2% per trap) significantly different from the other three experiments (2.4% per trap). Since the 8 June 

release occurred when one of the fyke nets were inoperatiye during part of the experiment, the projections were made 

using only the aggregated data from the earlier three experiments (Appendix C, Table C3). Confidence limits (95%) 

based on the fyke net radish recoveries applied only during the days that traps were deployed, ranged from 789 to 1581 

with a mean of 1185 (Appendix C, Table C5). These estimates assumed 100% of all rainbow trout caught in the tailrace 

traps represented entrained fish. The recovery of one fish that was originally caught in the tailrace traps, tagged and 

released, and then subsequently recaptured back in the tailrace traps indicates this assumption was violated. However, 

the single recovery of a tagged fish released in the tailrace area does not allow a reliable estimation of the proportion of 

captured fish that were not entrained. 
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Despite the low catch-rates, a highly significant relationship of fyke net CPUEs to reservoir elevation was observed 

(Figure 4.7; Appendix C, Table C4). Factors such as emigration of the forebay fish population either upstream out of the 

fore bay area or downstream through the dam also could influence entrainment rates. However, when forebay heart trap r 
CPUEs (Appendix B, Table B2), mean daily water temperature, mean daily discharge, and forebay turbidity 

(Appendix A, Table AI) were tested as covariates, these variables were not found to significantly affect CPUE of the rfyke nets. Consequently, a model developed with only reservoir elevation as the predictor variable was used in further 

projections. Projections of the fyke net CPUEs outside of the study period was completed by relating downstream fyke 

net CPUE to the Downton Lake reservoir elevations (Figure 4.8; Appendix C, Table C5). This projection assumed a per r 
fyke net catch-rate of 2.4% and resulted in a total entrainment estimate of 2993 rainbow trout (95% prediction limit of 

the regression= 1691 to 6005 fish). This estimate was limited to the low reservoir elevation period of 1 April to r
1 August 1999. Since the annual minimum water level occurred during the course of the study and was included in the 

data collection period used for development of the regression, projections of entrainment losses that occurred prior to 

the beginning of the study (Le., by extrapolation from reservoir elevations) was justified. This extrapolation assumed 1 
entrainment rates as a function of reservoir elevation did not change over time. For this condition to be maintained, fish 

populations subject to entrainment (Le., those present in the forebay) would need to remain somewhat constant. The r 
CPUE variation of the forebay heart traps did not significantly affect tailrace CPUE during the sampling period, 

suggesting fore bay abundance may have been reasonably stable over the period that entrainment was projected. l 
2.0 

o I 
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Figure 4.7 	 Relationship of fyke net catch-per-unit-effort (CPUE=no. fish/day) to the 
surface elevation of Downton Lake reservoir. The linear fit with 95% CI of 
the regression line are projected. L 
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5.0 DISCUSSION AND RECOMMENDATIONS 

r 
5.1 FISH SPECIES ASSEMBLAGE 

As was the case in previous studies on Downton Lake reservoir, in the present study, rainbow trout were the dominant 

species captured in the forebay. Bridgelip sucker, the only other species recorded in the forebay area, had not been 

previously reported from Downton Lake reservoir. r 
Coastrange sculpin were captured in the tailrace traps but were ~ot c~ptured in the forebay during this study. This 

<:>'<" '~\"\'vh"~J~' '\otl fU(",,;),. 
species has not been reported from Downton Lake reservoir~n previous studies. The sampling gear employed during r 
this study (heart traps and gill nets) and in previous studies (gill nets) targeted large fish. As a result, the information 

currently available is not considered to provide an accurate description of species assemblage in Downton Lake 

reservoir. Generally, a variety of gear types are required to determine fish species assemblages of reservoirs (Hayes 

et al. 1996). r 
5.2 MORTALITY AND INJURIES 

Three general types of injury can occur as the result of entrainment at a hydroelectric facility: (1) physical contact with L 
the turbine blades; (2) rapid pressure changes; and (3) shear forces and turbulence (Eicher Associates 1987). Fish may 

also experience stress from passage, which can affect their survival. 

Mechanical injuries are caused by the fish corning in contact with solid surfaces of the turbine. Mechanical injuries 

include severed or ground bodies, skeletal fractures, scraped or crushed heads, internal haemorrhaging, lacerations or r 
bruises, and missing or popped eyes (Eicher 1988). Lacerations, bruising, and internal haemorrhaging were observed in 

fish captured in the tailrace traps. L 
Fish size is one of the most important factors affecting mortality during turbine passage (Stone and Webster 1992). In a 

summary of entrainment studies, Stone and Webster (1992) observed that estimated mortality rates for naturally 

entrained fish were approximately 6% for Francis turbines. The review also found that larger fish suffered higher 

mortality rates, ranging from 10 to 30%. In studies conducted with rainbow trout at a facility with a Francis turbine, l 
mortality rates increased substantially with an increase in fish length. Larger rainbow trout, ranging in size from 228 to 

401 mm, suffered up to 39% mortality rates depending on turbine characteristics (Stone and Webster 1992). The results lof the present study also indicated that smaller fish were less likely to suffer injury than larger fish. 

L 
l 
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In addition to mechanical injury, rapid pressure changes can cause internal injury or mortality in fish. The pressure 


experienced by a fish passing through a turbine depends on flow rate and the location of the fish in the water colulTU1 


when it is entrained. Fish are more sensitive to pressure decreases than to pressure increases, and rapid decrease in 


pressure can cause the swim bladder to expand (Stone and Webster 1992). Fish subject to rapid pressure changes often 


suffer from ruptured or perforated swim bladders (Stone and Webster 1992; Stokesbury and Dadswell 1991). Most fish 


in the present study were not examined for internal injury, and consequently, the degree of pressure related injuries 


could not be estimated. 


Cavitation is an extreme case of variable pressures within the turbine. Cavitation can cause haemorrhaging and localized 


body pulping in fish . In studies by Cramer and Oligher (1990), induced cavitation substantially increased mortality rates 


of experimental fish. Since cavitation is undesirable due to deleterious effects on turbines, turbines are designed and 


operated to minimize this condition. In the present study, internal haemorrhaging, as indicated by bleeding from the anal 


vent, was observed in 10% of the fish captured in the tailrace traps. The cause of the haemorrhaging could not be 


definitively attributed to cavitation and may have resulted from mechanical impacts. 


Shear and turbulence injuries occur when a fish is subject to two or more high velocity flows that are incidental to each 

other. This typically occurs at the leading edges of runner blades. Tom gill covers, popped eyes, and decapitation are 

characteristic injuries; however, these injuries are often difficult to distinguish from injuries caused by other sources, 

such as mechanical damage (Groves 1972). In the present study, a common injury observed for rainbow trout captured 

in the tailrace traps was a laceration to the isthmus or opercular area of the fish. At the time of sampling, these injuries 

were classified as lacerations; however, some of these may have been shear-induced injuries. 

Methods were not employed during the study to differentiate between trap-induced injury from turbine induced injury. 

Many of the injuries observed, such as lacerations and haemorrhaging, were consistent with turbine passage; other types 

of injury such as scale loss, however, may have resulted from trapping. Scale loss among dead fish was greater than 

among live fish recovered in the tailrace traps. The high levels of scale loss observed for dead fish may have resulted 

from turbulence within the trap. The study team observed that turbulence in the live boxes of the IPTs was much greater 

than in the fyke nets and in general, scale loss was greatest for fish caught in the IPTs. The IPT live boxes lacked any 

form of baffles that would provide refuge from turbulent flow. The fyke nets, which employed a two-baffle system, 

provided a much calmer holding environment for captured fish . 

High levels of net or trap induced injury are common in many studies and can result in an over estimation of 

entrainment mortality rates because of the cumulative effects of turbine passage and stress of net collection (Stone and 

Webster 1992). Many studies employ some form of control to quantify trap induced mortality rates. This was not 

possible during this study due to the low numbers of fish captured in the forebay . In future studies, control groups 

should be used to determine trap induced mortality and injury, if possible. 
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5.3 TRAP EFFICIENCY 

A method of directly introducing objects into the intake area of the penstock of La Joie Dam was not devised during the 
c.oV\t.t((I~ 

1999 field program. Safety ~ons prohibited the use of watercraft in the vicinity of the intake structure which 

limited options to introduce fish or other objects into the intake area. As a result, all releases were conducted from the 

top of the intake structure, situated approximately 50 m above the water surface. Two methods of entraining objects into 

the penstocks from the top of the intake tower were investigated. One method involved releasing objects into the 

penstock area via a service shaft accessible from the top of the intake structure. The other method involved lowering 

objects from the intake structure and releasing them into the area in front of the trash rack over the penstock intake. 

Objects were also released from the powerhouse directly into the tailrace as part of the trap efficiency tests. 

Based on the experience gained during the course of these releases, radishes were the most suitable objects employed in 

the trap efficiency experiments. Radishes were used because: (1) they could be obtained in the large quantities needed 

for the experiments; (2) they were approximately neutrally buoyant; (3) they do not have any deleterious effects on 

water quality; and (4) they would not cause damage to the turbine during passage. For these reasons, radishes are 

recommended for use in future entrainment and trap efficiency experiments, if sufficient live fish are not available. r 
/ ~ Fish released via the service shaft would have had to travel to the bottom of the shaft, then actively swim laterally for L 

i\';'''' several meters in order to be entrained into the penstock. From the diagrams available, there were not any other apparent <J. 

,, ~\ () P! ~(' ~ exits from the service shaft. Based on the design of the shaft, the study team did not believe that inanimate objects could 

. '\ ~~ 3.1. . be entrained from this location. The lack of recaptures from the release of 180 radishes into the service shaft supported I 
this assessment. In addition, a radio tag was implanted in a dead rainbow trout and the fish was released in the shaft. 

The tag was not relocated in the tailrace area during six hours of monitoring following the release. These data suggest r 
that inanimate objects could not be consistently entrained from this location. 

LThe release of live fish in the service shaft was more successful than the releases of inanimate objects. Of the 29 live 

rainbow trout released into the service shaft, two were recaptured in a downstream trap. In addition, the radio tag 

implanted in the live rainbow trout released in the shaft was located in the tailrace area following the release. The signal 

for the radio-tagged fish was located several hours following the release, and the tag (and presumably the fish) was 

located at the confluence of the Hurley River with the Middle Bridge River. l 
Regurgitation of radio tags implanted in the stomach is commonly reported in the literature (Olson and Kuehl 1988). In 

the present study, the poor success rate of entraining inanimate objects from the service shaft indicates that it is unlikely l 
that a regurgitated tag could be entrained from the shaft. This suggests the live rainbow trout did not regurgitate the tag 

and that this fish moved out of the service shaft, into the penstock, and passed through the facility into the Bridge River. 

Based on the successful recovery of at least three of the 29 live fish introduced, the service shaft does present a 

potentially viable location for introducing live fish. There would be a need to determine if live fish introduced into the 

shaft actually were entrained through the plant, through additional telemetry studies. ~ \:. ~ t tl\~ I' L L 
\. ( r I, \ 
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Fish and radishes also were released into the forebay area immediately in front of the penstock intakes. This method 

resulted in the recapture of 23 out of 300 radishes released; however, none of the 10 live rainbow trout released in this 

manner were recaptured. Stables and McFadden (1999) estimated that water velocities at the intake mouth ranged from 

1.4 to 1.8 mJs. These velocities are substantially less than the burst swinuning speed of rainbow trout in the size range 

captured in the fore bay (Katapodis 1990). This suggests that rainbow trout released directly in front of the trash racks 

could avoid entrainment and move into the forebay area. Consequently, the release of fish in this area was not 

considered a suitable method for entrainment ,ex~riments or trap efficiency tests. J: t l--::' f J .:.! :~ ; { ! ! 

J 

4'.-./(( i' J (\ ~{' W ~t-h/'( :;. ", I.V~~~ J{ti >i A
: rtJl ,f~' .j " I. ~V1J CJ~..vj:"( ~[ : ', ,~1 \"'<\ ~ 'v, t ,f'cJ:Jvl~1 we-fa hi.; '",r- i iA ' J ,j~.J "'.{. t-tJI,d.. v 

In other entrainment studies, the most common method employed for entraining fish into turbine intakes involves some 

form of introduction pipe. The pipe allows fish to be introduced into the desired location within the intake structure or 

dam (Stone and Webster 1992). The use of an introduction pipe system has several advantages in comparison with other 

methods. Once the pipe is installed, it allows a more consistent introduction of fish into an exact location, either in the 

turbine intake or tailrace. Introduction pipes are typicalJy 7 to 10 cm in diameter and are constructed out of a 

combination of rigid and flexible materials that allow the pipe to be positioned within the intake area (Olson and 

-1 Kuehl 1988; Mathur et al . 1996). This approach allows fish to be introduced into an area where water velocities are 

sufficient to ensure entrainment. Generally, fish are released head-first down the pipe and are flushed down the pipe 

with water. 

Use of an introduction pipe system was not an option at the La Joie Dam site given the resources available during the 

1999 field program. With increased planning, some form of introduction pipe could be constructed at the intake 

structure in future studies. There are several possibilities for the placement of the pipe. AJthough an introduction pipe 

could be installed from the top of the intake structure, the location would require fish to travel a considerable distance 

through the pipe. This would undoubtedly be stressful for the fish and would add an unwanted variable to the efficiency 

tests. Another option is to install an introduction pipe from a floating barge near the intake structure. This approach 

J would reduce the length of the pipe and the resultant stress on fish. However, this would require the use of boats in the 

vicini~ ~f the intake structure, which was not allowed during the 19,9~ study. f >" -(J '" "', ~!i ) 0/': }..~ (i><-0 ,'" tl (-r <.. 

/\)-tlOcl'/fIJ H\J. 1>MC... ~,J "1-1. 0 ',;, <:"n )OtJ~ rl ~fp"'H r : ' 'Dj blJtf c~v<.IJ 6t r:..',Lp l" fJ. 
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Fish entrainment at La Joie Dam was difficult to quantify. This was because partial-discharge nets, with no means or--- C i.,,: ./ 
, /J 

\ preventing the intrusion of tailrace resident fish, were employed as the method of fish collection in the tailrace, The use " j 
, 

, I
:J Jrr:~ 

of partial-discharge nets can result in non-representative samples because of: (1) the intrusion of tailrace fish; (2) the 

avoidance of the trap by entrained fish; and (3) the uneven distribution of fish in the water column (Stone and 

i\:~=ec 1992). Previou, ,todi" have indioared that inw,ion of taib-ace fi,h i, acommon pmblem in ennrurunenl 

I '\' (Sore",on et al. 1998; Stone and Web,re' 1992). 
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Only one release experiment of live fish into the tailrace was conducted during the study. Of the 62 rainbow trout 

released, none were recaptured in the traps. The lack of recaptures likely indicated that some degree of trap avoidance 

occurred. However, fish that are entrained through turbines are often disoriented following p'assage. Conseauently, these 
/;", -1. 'Ol . r<1.ft.. ..( ./~ ~(p f-.- " ' l 1" r-e. " .op 'r4.t'-t.... 

fish may tend to remain in the main flow of water in the channel.rfish that are not disoriented by turbine passage may 
-':J~r1.sY,Lt,... 2",1-0 '-.I". 

be more likely to seek lower velocity areasJ\ such as the eddies along shore, rather than follow the main flow in the 

channel. The study team observed that some of the radishes released into the turbulent tailrace area were carried into the 
e.-:,:.t1' t.. .calmer, nearshore areas. Fish also could utilize these areas to ~ the high velocity areas directly downstream of the 

draft tube exits. These factors could result in the live fish that were released for efficiency tests being less susceptible to r 
the traps than entrained fish. As a result, it was difficult to determine to what degree trap avoidance was a factor 

affecting trap efficiency. 

Full-discharge netting in the tailrace is usually the preferred method of fish collection used in entrainment studies 

because it reduces or eliminates many of the problems associated with partial-discharge nets (Stone and Webster 1992). 1 
Despite its benefits, however, full-discharge netting is not practical at all facilitieM;At;... ~~ha! J?~eP.~f;zi~ry;}he 

installation of the full-flow nets in the tailrace would be very difficult and expensive' I\.V:locities in the tailrace are high r 
and may preclude the use of any fonn of full-discharge sampling directly downstream of the dam. WI,- .. t 'V~r'L ~,h (. 

o.J {. \\)~ ~""":~ J ? 
lRegardless of whether full or partial-discharge sampling is employed, it is usually desirable to attach sampling nets 

directly to the dam structure, thus excluding tailrace fish from the nets (Sorenson et al. 1998; Stone and Webster 1992). 

Sorenson et al. (1998) describe a method for the installation of a pet system in the stop-log slots of the draft tubes. 1";r;z,.\., c:, , [ .....= 
Although this method was successful in many respects, the flows

/.
\at the La Joie Dam facility probably preclude the use 

of a similar system, In addition, the tailrace area immediately downstream of the dam is very turbulent and is not suited rfor a floating livebox. Servicing the net would also be very difficult because of the turbulence, and consequently, any 

sampling in the area inunediately downstream of the powerhouse would require the use of a crane for safety reasons. 

L 
In several studies, fyke nets have been employed in the turbine intake area The nets are lowered into the intake using 

the trash rack slots. Although this approach eliminat<;..s problems of tai\raC!! fish intrus!on, \t~ applic~tion ¥. the intake 
~ \.\)""~ It 1.,\ ,_,I{ \q r:J \ow-? cft{ ·" " ·~«I.!>""2-> I~ PI •. <:\f''­

structure of La Joie Dam would be impractical. Ftirthennore, this technique has several disadvantages, that include high 

mortality rates in captured fish and potential for net loss into the turbines with subsequent damage to the facility (Stone 

and Webster 1992). l 
The entrainment patterns over time and relationship of water elevation to entrainment rate provide a reasonable l 
description of temporal variation and the impact of forebay water level declines on relative entrainment rates at La Joie 

Dam. Estimates of total entrainment however, are more likely to be biased. The total entrainment estimate relied on use 

of the trap efficiency estimates derived from three radish release experiments. Radishes were used because of a lack of 1 
tagged fish recoveries and the limited numbers of fish avaihible for experimental releases. The results of two other 

radish release experiments were not included in the estimate. In one case, the radishes were released through the service L 
shaft and were not entrained but floated on the surface. In the other case, a tailrace radish release experiment on 

l 
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8 June 1999, the small number of recoveries (n=6) was statistically different from the other three 'release experiments 


and was affected by one trap being inoperable during part of the recovery period. The recovery rate of radishes in the 


tailrace IPTs and fyke nets would likely be influenced by the type of capture method, with IPTs more effective at 


capturing floating objects and fyke nets more effective at capturing objects beneath the surface. Since a low number of 


rainbow trout were captured in the IPTs (n= 11), these data were not used in the overall estimation of entrainment even 


though the IPT radish recovery rates were similar to the fyke nets. 


The tailrace traps employed in the present study sampled near the surface of the water column. Although placement of a 

fyke net near the bottom of the tailrace water column was considered, this was not feasible given the nature of the flows 

in the tailrace area. Consequently, the vertical distribution of entrained fish (both live and dead) in the water column in 

the tailrace area could not be ascertained. The downstream dispersion pattern of fish killed during passage is not known. 

Carcasses or portions thereof, may tend to settle out of the water colwnn following entrainment. However, the capture 

of several partial fish carcasses in the tailrace traps indicated that some dead fish did remain within the upper portion of 

the water colwnn. Injuries and disorientation resulting from entrainment also may make the fish more vulnerable to 

recapture. 

An additional bias in the estimates of trap efficiency was the presence of non-entrained fish in the tailrace. These fish 

may either have been present from earlier entrainment periods or may be fish that resided in the Middle Bridge River. 

Evidence from meristic data, such as weight or length, did not suggest the presence of multiple stocks. A single marked 

fish released from the tailrace traps was subsequently recovered, which suggested that at least some of the fish captured 

were not entrained. However, 40% of fish caught in fyke nets exhibited some form of injury, which suggest a sizeable 

component of the catch was entrained. Although an estimate of injury rates for fish that passed through the darn was not 

obtained, the injury rate observed for all fish was compared with results reported from other studies on the impacts of 

powerplant entrainment on resident fish . In addition, the response of trap catch-rates to changes in water level elevations 

suggested most of the rainbow trout were likely entrained. 

Coastrange sculpins, the other common fish caught in the traps, did not sustain injuries and were not caught in the 

forebay heart traps, although heart traps were not optimal gear for targeting these species in the forebay. The lack of 

injuries and the lack of a temporal trend in catch-rates relating to reservoir water level elevation, suggeste~ the 

entrainmentrateforthisspecieswaslow. r..\ ~ ("! " o , , · ,.· , ~ , t .· ( J '. ,h I c·" ~ 1'0{. -' i' '-<!'; ''''' f 

r. i f l J i ~., ; C t f i /., , j ~ /1 ,! S ( ; / • ) 0 , / " \ 0 f Y- t .'V \J" l ....... r -' 

J 

This combination of factors create uncertainty as to the actual capture efficiency of the fyke nets, which was used as the 

basis for the estimation of entrainment numbers. The uncertainties may create either under or overestimates of trap 

efficiency, which may result in the population numbers presented being either lower or higher than the actual numbers 

entrained, Based on these uncertainties, the estimates should be used as an order of magnitude indicator of the extent of 

the entrainment problem, rather than absolute indicator of the number of entrained fish, The temporal trends in 

entrainment rate and the response of the entrainment rate to water level elevations are considered reasonable estimates 

since essentially the full range of the reservoir water level elevations that coincided with high entrainment rates, was 
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included in the sampling period. The extension of the entrainment estimates outside of the sampling period through 

regression analysis suggested about 60% of the fish were entrained during the periods when sampling was not 

conducted. Projections prior to the sampling program could be biased if the numbers of fish present in the fore bay area 

of the reservoir changed during the earlier projected period. The relatively small change in abundance observed in the 

forebay trap catches did not have a discernible effect on downstream entrainment rates. However, the forebay heart trap 

data were collected over a limited amount of time and the movement of the trap during the study may have biased the 

time trend of relative abundance of rainbow trout reported. Since the only significant environmental variable, reservoir 

water level elevation, essentially trended one direction over time, there is a reasonable possibility that other factors may 

also have influenced entrainment rates. That said, however, since temperature, turbidity, and forebay fish abundance 

were not significant correlates, the variation in entrainment observed was likely primarily related to reservoir elevation. rFuture studies should focus on techniques that improve abundance estimation by either intensifying sampling efforts or 

by the use of alternative technology, such as radio telemetry. 

I 
5.5 RECOMMENDATIONS 

Based on the results of the 1999 field program, R.L. & L. Environmental Services Ltd. has developed the following r 
recommendations for future studies. 

1. 	 If affordable, the release of 100 (minimum) to 200 (preferable) radio-tagged fish into the reservoir, coupled with 

automated monitoring in the tailrace, should provide an estimate of the rate of entrainment of forebay fish. 

Tracking of fish downstream and subsequent determination of movements could be used to estimate survival 1 
rates. Mark-recapture of tagged forebay fish by deployment of multiple traps could provide an estimate of the 

population at risk by use of a Schnabel estimator. A power analysis should be completed prior to initiating the r 
study to provide a more precise estimate of the minimum number of radio tags needed to measure an assumed 

rate of entrainment with a given level of precision. To minimize variance of the entrainment estimator, the l 
probable abundance of fish predicted from the reservoir elevation model should be used to ensure the number of 

tagged fish released is a constant proportion of the expected number of fish entrained. These techniques would 

provide a method preferable to either netting or hydroacoustics, unless an intensively engineered total discharge 

netting system could be deployed. Since the debris entrainment rate in the area (Le., as suggested by debris 

observed in the downstream traps) appears to be high when compared with fish entrainment, hydroacoustics l 
could potentially grossly overestimate entrainment rates. Methods to behaviourally separate fish targets from 

entrained debris are still in the developmental stage and cannot be reliably deployed at this time. 

L 
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2. 	 If an approach similar to that used in the present study is selected for use in future studies, the following 

recommendations should be considered to improve study results: 

• 	 Increased sampling in the tailrace. An increase in the proportion of the total flow sampled in the tailrace 

area would be desirable. This would increase the efficiency of the traps and lead to greater statistical 

confidence in estimating entrainment rates. Increased sampling could be achieved by employing more 

floating fyke nets or inclined plane traps, as well as tangle nets. f\qr~ t...- I ~v vJ ( v-t -r hY'r{
1 	 \ilJ,~ whlJ Vf+~"-{ MD_< 4~,ln'{ ·n·~h. 
I 

• 	 The development of an introduction pipe system. A consistent method of fish introductions into the dam 

outlet is required. The most common technique is the use of an introduction pipe system. The pipe should 

introduce fish into the penstock area downstream of the trash racks to minimize the potential for fish to 

escape entrainment. Entrainment should be confmned through the use of radio telemetry on several 

occasions until field crews are satisfied that the placement of the introduction pipe is correct. Be Hydro 

engineers involved with dam safety issues as well as potential structural hazards associated with 

deployment of the pipe system should be part of a team developing specifications and field installation 

procedures. 

J 
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Table B3 Summary of fisb species caprured and c31cb-per-wtit-effon (CPUE) in fyke net traps and inclined plane traps positioned downstream of La Joic Dam. May and 
June 1999. 

FYKE NET TRAP RESULTS 

Fyk. I Fykel Total tor Fyb Neb 

Set RD" CAL" Set RD CAL CAL Set RB 

Duration Duradoa 


D... 
CPUE CPUE CPUE CPUE Duration CPUE CPUE No. (1)) No. No. N•. No. No. (1hbIh) (1hbIh) (1)) (1hbIh) (!l.bIb) (1)) (!l.bIb) (1hbIh) 

22-May 32 .00 0..094 0.000 NA Nt. NA NA NA 32.00 0..09' O.()()() 

2J..May 24 .25 0.206 0.000 10.OS 0.198 O.()()() 34.33 0.2Q4 0..000 
o

24Ma)" 24.72 0.121 0..000 24.50. D. Q41 o 0.000 49.22 0..081 0..000 
2~·May 23.20 0..129 0..043 23.08 0..173 o 0..000 46.28 o..UI 0..022 
2~May 25 .33 0.0.39 0.000 25.33 0..118 0..000 50..67 0..0.79 O.()()() 
27·May 23.00 0.Q43 0.000 23.00 D.lJa a.()()() 46.00 0..0.87 0..000 
26-May 24.00 0.12$ 0.000 24.00 0. /2$ a.()()() 48.00 0..125 0..000 
29·May 23.75 0.126 0..000 23.75 D.(}()(J 0. 0..000 47.50 0..063 0..000 
3()'M.ay 24.00 o..on 0.000 24.00 0..042 0..000 4S.00 D.Q42 0..000 
31 .Ma.y 24 .25 0..0<1 0.000 24.2.5 D.()()() 0..000 48.50 0..0.21 0..000 

1·1Ull 24 .50 0..082 0.000 24.50. a.()()() 0..000 49.00 0..041 0..000 
2·JUlI 22 .50 0..044 0..044 22.$0. a.(}()(J 0..044 45.00 0..022 0..044 
)·Jun 25.00 0..120. 0.0<0 25.00 D.Q4D 0..000 50.00 0..080 0..020. 
4-Jun 24 .00 0..000 0.000 24.00 D.(}()(J 0..000 4S.00 0..000 0. 0.000 
S-Jun 23.00 Q.OS? 0.000 23.00 0..000 0..000 46.00 0..043 0..000 
6-JWI 25 .17 0..040 0.000 25. 17 0..000 0..040. 50.33 0..0.20. 0..020. 
' -lUll 23 .83 0..042 0.08< 23.S3 D.(}()(J 0./26 47.67 0..021 0.10$ 
6-Jun 23.50 0..000 0..000 23.50 0..000 a.()()() 47.00 0..000 0..000 
9-Juo 24 .50 D.Q41 0..000 24.58 0..000 0.000 49.08 0..020. 0..000 
10-JWl 23.67 D.DIU 0..000 23.67 0..000 0..000 47.33 0..042 0..000 
11·JUD 24 .2' 0..041 0..000 24 .25 O.(}()(J 0..082 48.50 0..021 0.041 
I4-Ju.o 29.25 0..034 0..0.34 29.25 0..000 58.50 0..000 0..017 0.0.17 
lS-JUD 22.50 0..000 0..000 22 .50 0..000 0..089 45.00 0..000 0.044 
16-Jun 1.5.7~ 0..063 0..000 0..000 0..000 31.50 0.0.32 0..000 

~""'.:.':'" ", $.'OM ~:A<" §'! ":I»~';'J~ 
<:;.~-»;<. t@1~£!ftit$; .iggt.~~: :'f;J'-':!:.",; 

• R.B=rai.cbo.. trout; CAl.=coulr'lnle sculpiD. 


b One bridge1ip sucker caprurcd on 2A May 1999 in Fyke I is CA.ciuded from lbe toWs. 


INCLINED PLANE TRAP RESULTS 

IPT I 1PT1 Total for IPTI 
Set RD" CAL" Set RB CAL RB Set CAL Dote 

o.u._ CPUE CPUE Duration CPUE CPUE Daratloo CPVE CPUE No. No. No. No. No. No. (h) (1hbIh) (IIobIb) (1)) (1hbIh) (1hbIh) (h) (1hbIh) (!!.bIb) 

22-May 32.00 0.031 0..000 NA NA NA Nt. NA 32.00 0..0.31 0.000 
23-M4y 24.33 0.000 0..000 10.00 0../00 0..000 34.33 0..029 0..000 
24-Mayb 24.63 0.122 0..000 24.58 0..000 0..000 4922 0..061 0..000 
2S-M.ay 23.20 0.043 0..000 23.08 o 0..000 0.000 4628 0..022 0.000 
26-M4y 25.33 0.039 0..000 25 .33 0..0.39 0..000 10.67 0..0.39 0.000 
27·May 23.00 0.000 0..000 23.00 0..000 0..000 46.00 0..000 0..000 
28-May 24.00 0.083 0.000 24.00 0..000 0..000 48.00 0..042 0..000 
29·May 23.71 0.000 0..000 23.75 o 0.000 0..000 47.50 o..(}()(J 0..000 
3()'M.ay 24.00 0.000 0.000 24.00 o..()()() 0..000 48.00 0.000 0.000 
31 -Ma)' 24.21 0.000 0..000 24.21 0..000 0..000 48.50 0..000 0..000 

I-JWl 24.10 0.000 0..000 24.50 0..000 0..000 49.00 0..000 0..000 
2-JUD 22.50 0.000 0..000 2BO 0.044 0..044 45.00 0.012 0..022 
3-JWI 25.00 0.000 0..000 25.00 0..000 0..000 50.00 0..000 0..000 
4-Jun 24.00 0.042 0..000 24.00 0..000 48.00 0..000 0..021 0..000 
5-Jun 23.00 0.000 0..000 23 .00 0..000 0..000 46.00 0.000 0..000 
6-Joo 25.17 0..079 0..000 25.17 0..000 0..000 50.33 0..040. 0.000 
7-Iun 23 .83 0.000 0.000 23.83 0.000 0..000 47.67 0.000 0..000 
8-Jun 23.50 0.000 0..000 2350 0..000 0..000 47 .00 0..000 0.000 
9·Jun 24.10 0.000 0..000 24 .58 0..000 0..000 49.0.8 0..000 0..000 
to-Iun 23.75 0.000 0..000 23.67 0.000 0..000 47.42 0..000 0..000 
II·/un 242 5 0.000 24.25 0..000 0.000 0..000 48.50 o 0..000 0..000 
I4-JUD 29.25 0.000 0..000 17.50 0..000 0..000 46.75 0. 0..000 0.000 
IS-Ju.c 22.50 0.000 0..000 22.50. o..()()() 0..000 45.00 0 0..000 0.000 

16-J"" " .75 0..000 0..000 15.75 0..000 0.000 31.50 0..000 0..000 

W,&-?le\it<tJ'f .....;,.V[W''''Ii.!'i;;t4i.(.t1!J,(,,[;EAti% _ g\ji;tiJIJfil'~wqt?MWlI$Miii,101%W'.,t!;&tlf£%~~Il\iI~iii };1F,t~w( .$ii~I:<W~3'JWI'4

• RB=raiJlbow trout; CAL:coutraD,e sculpin. 

b ODe: bridgelip lucker cap~00 24 May 1999 in Fyu I i.a excluded from the tows. 
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1 
Table B2 Summary of rainbow trout captured using heart traps in the forebay of Downtown Lake reservoir, 

30 May to 12 June 1999. 

'1 
Set DuratioD No. of Rainbow CPUE 

Site Set Date Set Time Pull Date Pull Time 
(b) Trout (fISh per h) 

Heart I 30-May 12:00 31-May 10:00 22.00 II 0.50 

l 

31-May 13:00 I-Jun 11 :00 22.00 50 2.27 

I-Jun 11:00 2-JUD 9:30 22.50 II 0.49 

2-Jun 9:30 3-Jun 10:00 18 0.73 

3-Jun 10:00 4-Jun 15:00 0.38 

4-Jun 15:00 5-Juo 10:30 0.05 
'''"--'~" '",~:..~ '.:1":~' 

d" .'-. .'If!;" ~ , 	) ;1, 

Heart 2 	6-Jun 11 :30 7-Juo 10:00 22.50 10 0.44 

7-Jun 10:00 8-Juo 10:00 24.00 8 0.33 

8-Jun
a 10:00 9-Jun 10:15 24.25 9 0.37 

9-Jun 10:15 IO-JuD 9:30 23.25 6 0.26 

IO-Jun 9:30 II-JuD 9:30 24.00 8 0.33 

0.00 

0.06 

0.00 1 	
~ 

J 
1 

• A single bridgeUp sucker was captured and released. 

b Fish released. data not recorded. 
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-1 Table B4 	Estimated scale loss for rainbow trout (dead and live) captured in the tailrace area of La Joie Darn, 
21 May to 16 June 1999. 
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] • Does not include four partial rainbow trout carcasses captured in traps, 
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Table C2 Chi-squared test for homogeneity of mark experiments using combined fyke net recoveries of marked rainbow trout. 

1) All experiments 

Penswck Entrainment No. No. 

Location Object Date Recaptured Not Recap. Total Dumerator denominator T 

via Service Shaft 	Radishes 3-Joo 190 190 27,28 5,08 5,37 
° Live rainbow trout 3-JUD 2 26 28 UI 0,75 2,02 

via Intake Radishes with leaves 4-Joo 16 284 300 60,10 8.02 7.49 

Live rainbow trout II-IUD II II 0,09 0,29 0,31
° Tailrace 	Peanuts in tbe sheU 22-May 
° 

200 200 30,23 5.35 5,65 
I 

Radisbes 23-May 8 192 200 6,26 5,35 1.17 

Radishes I-IUD 24 476 500 105,15 13.37 7,87 
I 

Live rainbow trout I-IUD 62 62 2,91 1.66 1.75
° 	r Dead fisb (pans and whole) 4-IUD 
° 

46 46 1.60 1.23 1.30 

Radishes 8-IUD 6 494 500 60,00 13,37 4.49 

56 1981 2037 T= 37.43 

df= 9,00 

Cbi (,15)= 13.29 r Th,,_jore, no homorelleily, no pooling 

2) Radlsb releases ooly excludlDg service shaft release -

PensWCk Entrainmeot 


l No. I 	N~ I Loation Object Date Recaptured Not Recap. Total Inumerator IdenomJaator I T 1 Intake Radishes with leaves 4-IUD 16 284 300 27,04 tOAI 2.60 

Tailrace 	Radishes 23-May 8 t92 200 0,64 6,94 0.09 

Radishes I-IUD 24 476 500 36,00 17.35 2,07 

Radishes 8-IUD 6 494 500 144,00 17.35 8,30 r 54 1446 1500 	T= 13,06 I 

df= 3.00 

Chi (.15)= 5.32 

Then/ore, no homogeneity, no pooling 

3) Radlsb releases (""clodes the 8 June test) 

Penstock Eotrainment 
l I l No. Na 

LoatiOD Object Date Recaptured Not Recap. ToW lnumerator1denominator l T 


Radishes with leaves 4-IUD 16 284 300 2,56 13.71 0.19 
I Radishes 23-May 8 192 200 2,56 9,14 0.28 


Radishes I-Iun 24 476 500 0,00 22,85 0,00 


48 952 1000 T= 0.47 

df= 2,00 

Chi (.15)= 3,79 

Then/on, homoge"tily, can pooll 

4) Compare Fyke 1 and Fyke 2 

Penstock Entrainment 
l 1 	No. I [ No. 

Location Object Date Recaptured Not Recap. Total lnumerator 1denominator I T J Fyke I Radishes All in 3 27 973 1000 9,00 23.42 0,38 I 

Fyke 2 above 21 979 1000 9.00 23.42 0,38 

48 1952 2000 T= 0,77 

df= 1.00 

Cbi (,15)= 2,07 

TIo",/on, /tomogentily, ClUJ pooll 
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Table C4 	Regression statistics for fyke net rainbow trout CPUE as a function of Downton Lake 
reservoir water surface elevation. 

Ln (no. of rainbow trout + 1 caughUfyke net day)=a+b x Downton Lake reservoir elevation (m) 
N =24 Multiple R: 0.752 Squared multiple R: 0.566 

Standard error of estimate: 0.324 

<95%> 


Effect Coefficient Lower Upper Std Error Std Coer t P (2 Tail) 


Constant (a) 101.244 62.308 140. 18 18.775 5.393 >.001 

____0.087 ° 	r Reservoir Elevation (b) -0.141 ----'--_=().19~ ____ 	0.026 -0.752 -5'35~'-->.001 

I 
r 

I 

l 

l 

l 
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Table C3 Entrainment estimate of rainbow trout projected from fyke net capture efficiency estimates conducted 
on 23 May, 1 June, and 4 June 1999 (see Table B3). Estimates are provided only for the days that 
sampling was conducted from 22 May to 16 June 1999. 

1 Dale HOUTS Catch Catch/net day Projections Variance 95% CI 95% CI 

1 

All days 1113 58 1 1185 40769 789 1581 
22/May 32 3 2 61 

23IMay 34 7 5 143 

24IMay 49 4 2 82 

25IMay 46 7 4 143 

26IMay 51 4 2 82 

27IMay 46 4 2 82 


28IMay 48 6 3 123 


29IMay 48 3 2 61 


30IMay 48 2 1 41 


31IMay 48 1 0 20 


JlJun 49 2 1 41 


21Jun 45 I I 20 


] 
3/Jun 50 4 2 82 

4/Jun 48 0 0 0 

5/Jun 46 2 1 41 

6/Jun 50 1 0 20 

7/Jun 48 I 1 20 

8/Jun 47 0 0 0 

9/Jun 49 I 0 20 

lO/Jun 47 2 I 41 

l1/Jun 48 1 0 20 

121Jun 

13/Jun 

14/Jun 59 I 0 20 

15/Jun 45 0 0 0 

16/Jun 32 I 1 20 

J 

1 

J 


J 
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Table C5 Continued. 

Rainbow Trout Downton Lake Predicted SE Date 95% Lower 95% Upper Actual
Entrained elevation Ln(CPUE+l) 


6-May 31.16 2.22 60.09 714.08 0.34 

7-May 36.07 7.29 64.85 713.62 0.33 

8-May 41.71 13.05 70.37 713.12 0.33 

9-May 48 .08 19.49 76.67 71 2.60 0.33 

10-May 55.73 27.15 84.31 712.02 0.33 

II-May 64.63 36.03 93.23 711.40 0.33 

12-May 69.55 
40.91 98.18 711.08 0.33 r 13-May 74.33 45.64 103.03 710.78 0.33 

14-May 79.36 50.60 108.12 710.48 0.33 

15-May 84.32 55.47 113.16 710.20 0.33 

16-May 89.68 60.75 118.60 709.90 0.33 

17-May 94.34 65.35 123.33 709.65 0.33 

18-May 97.69 68.70 126.67 
709.48 0.34 

19-May 97.49 126.48
 68.51 709.49 0.34 

20-May 97.49 67.99 127.00 709.49 0.34 

21-May 120.64 91.02 150.27 708.40 0.34 

22-May 125.55 95.82 155.29 3 708.19 0.34 
r 23-May 129.78 100.04 159.53 7 708.01 0.34 

24-May 
130.Q3 100.44 159.61 4 708.00 0.34 

25-May 123.85 94.69 153.01 7 708.26 0.34 

26-May 105.84 76.88 134.81 
4 709.08 0.34 

27-May 96.36 67.52 125.20 4 
709.55 0.34 

28-May 89.68 60.90 118.45 6 709.90 
0.33 

29-May 85.22 56.50 113.95 3 710.14 0.33 
I 3D-May 81.78 53.09 110.47 2 710.34 0.33 

31-May 79.19 50.55 107.84 1 
710.49 0.33 

[ I-Jun 75.00 46.41 103.59 2 710.74 0.33 

2-Jun 68.10 39.52 96.68 1 711.17 0.33 

3-Jun 63.74 
35.17 92.32 4 711.46 0.33 

4-Jun 59.61 31.00 
8S.21 0 711.74 0.33 L 5-Jun 53.28 24.56 81.99 2 712.20 0.33 

6-Jun 44.74 15.S9 73.59 1 712.87 0.33 

7-Jun 38.97 
10.02 67.92 I 713.36 0.33 

8-Jun 35.52 6.47 
64.57 0 713.67 0.34 

9-Jun 32.S5 3.72 61.97 1 
713.92 0.34 

IO-Jun 31.03 1.82 60.24 2 714.10 
0.34 

lI-JUD 
29.16 0.00 58.47 1 714.28 0.34 

12-JuD 27.09 
0.00 56.54 714.49 0.34 

13-JuD 24.76 0.00 54.45 
714.73 0.34 

14-JuD 20.98 0.00 51.07 1 
715.15 0.34 
15-JuD 15.82 0.00 46.55 0 715.76 0.35 

16-JuD 9.54 
0.00 41.33 1 716.58 0.36 

17-JuD 1.88 0.00 
34.75 717.73 0.37 

IS-JuD 0.00 0.00 29.85 
71S.75 0.38 

19-JuD 0.00 0.00 26.75 
719.55 0.39 

t 20-JUD 0.00 0.00 24.19 720.28 0.40 

21-Jun 
L 0.00 0.00 22.53 720.83 0.41 -

'-­
Continued .. . 

l 
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l Table C5 Model Projections of total entrainment using the natural logarithm of combined fyke net rainbow trout 

'1 
catch data (Log of rainbow trout per trap day +1). The projections encompassed the period from 1 April 
through 1 August. The regression parameters and trap efficiency estimate used in projections are listed . 

Ln(CPUE+I) =(a) -(b) 

x Downton Lake 


1 reservoir water Downton Lake 

elevation Reservoir Fyke Net Trap 

Constant (a) Elevation (b) Efficiency Standard Error N T(.05, df=n-2) 

l 
Mean 101.244 -0.141 0.024 0.32 24 L....--~.~ 

1 
I-Apr 0.00 0.00 15.28 724.87 0.48 
2-Apr 0.00 0.00 15.42 724.55 0.47 
3-Apr 0.00 0.00 16.02 

1 
724.17 0.47 

4-Apr 0.00 0.00 15.95 723.98 0.46 
5-Apr 0.00 0.00 16.50 723.64 0.46 
6-Apr 0.00 0.00 16.58 723.42 0.45 
7-Apr 0.00 0.00 17.20 723 .09 0.45

J 
8-Apr 0.00 0.00 17.45 722.89 0.44 
9-Apr 0.00 0.00 17.64 722.67 0.44 
IO-Apr 0.00 

1 
0.00 18.26 722.34 0.44 

ll-Apr 0.00 0.00 18.59 722.07 0.43 
12-Apr 

] 

0.00 0.00 19.50 721.68 0.42 
13-Apr 0.00 0.00 20.26 721.38 0.42 
14-Apr 0.00 0.00 20.63 721.16 0.42 
15-Apr 0.00 0.00 21.45 720.84 0.41 
16-Apr 0.00 0.00 22.34 720.51 0.41 
17-Apr 0.00 0.00 23.42 720.17 0.40

j 
18-Apr 0.00 0.00 24.35 719.88 0.40 
19-Apr 0.00 0.00 25.39 719.60 0.39 
20-Apr 0.00 0.00 26.00 719.39 0.39 
21-Apr 0.00 0.00 27.70 719.05 0.38 
22-Apr 0.00 0.00 26.94 719.05 0.38 

J 
23-Apr 0.00 0.00 . 30.26 718.37 0.38 
24-Apr 0.00 31.54 0.00 718.10 0.37 
25-Apr 1.31 0.00 32.97 717.82 0.37 
26-Apr 2.65 0.00 34.11 717.61 0.37 
27-Apr 3.99 0.00 35.17 717.39 0.36

J 
28-Apr 5.92 0.00 36.80 717.10 0.36 
29-Apr 8.31 0.00 38 .88 716.75 0.36 
30-Apr 10.93 0.00 41.23 716.39 0.35 
I-May 13.51 43.56 

J 

0.00 716.05 0.35 
2-May 16.29 0.00 46.10 715.70 0.35 
3-May 19.22 0.00 48.80 715.35 0.35 
4-May 22.48 0.00 51 .83 714.98 0.34 
5-May 26.49 55.61 0.34 0.00 714.55 

Continued ... 
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Table C5 

Date 

22·Jun 

23·Jun 

24·Jun 

25·Jun 

26·Jun 

27·Jun 

28·Jun 

29·Jun 

30·Jun 

I·Jul 

2·Jul 

3·Jul 

4·Jul 

5·Ju\ 

6·Jul 

7·Jul 

8·lul 

9·lul 

to·Jul 

ll·lu\ 

12·Ju\ 

13·Jui 

14-Jul 

15·lui 

16-Jul 

17·Jui 

18·Jui 

19·1u\ 

20-Jui 

21·Jui 

22·Jul 

23-luJ 

24·Jui 

25-Jul 

26-Jul 

27-Jul 

28-Jui 

29·Jul 

30·lul 

31 ·Ju\ 

I·Aug 

Concluded. 

Rainbow Trout 
Entrained 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

Downton Lake Predicted SE 95% Lower 95% Upper Actual 
elevation Ln(CPUE+l) 

0.00 21.36 721.30 0.42 

0.00 20.36 721.72 0.42 

0.00 19.66 722.08 0.43 

0.00 19.07 722.45 0.44 

0.00 18.46 722.85 0.44 

0.00 17.83 723.25 0.45 

0.00 17 .39 723.59 0.46 

0.00 16.99 723.90 0.46 

0.00 16.75 724.16 0.47 

0.00 16.71 724.41 0.47 

0.00 16.47 724.77 0.48 

0.00 16.22 725.13 0.49 

0.00 16.18 725.45 0.49 

0.00 16.14 725.83 0.50 

0.00 16.12 726.25 0.51 

0.00 16.18 726.70 0.52 

0.00 16.26 727.19 0.53 

0.00 16.33 727.69 0.54 

0.00 16.57 728.16 0.55 

0.00 16.99 728.67 0.56 

0.00 17.39 729.27 0.57 

0.00 17.73 729.89 0.58 

0.00 18.41 730.45 0.60 

0.00 19.15 73Ll2 0.61 

0.00 19.41 731.84 0.63 
0.00 19.81 732.30 0.64 

0.00 20.17 732.70 0.65 

0.00 19.93 733.04 0.65 
0.00 22.17 733.04 0.65 
0.00 24.25 734.17 0.68 
0.00 26.20 735.58 0.71 

0.00 23.46 736.92 0.74 

0.00 26.33 735 .87 0.72 
0.00 28.03 737.05 0.75 
0.00 24.45 738.13 0.77 

0.00 25.94 736.58 0.74 

0.00 26.99 737.02 0.75 

0.00 28.31 737 .62 0.76 
0.00 29.26 738.37 0.78 

0.00 29.96 738.96 0.79 
0.00 0.00 739.39 0.80 -

] 



	fish entrainment
	Fish entrainment 1
	Fish entrainment 2
	Fish Entrainment 3
	Fish Entrainment 4

