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EXECUTIVE SUMMARY

We investigated fish entrainnent through Libby Dam from Decenber 1990 to
June 1994. This study was one portion of the effort by the Montana Depart nment
of Fish, WIldlife and Parks to quantify Libby Dam operations necessary to
mai ntain or enhance Libby Reservoir fisheries.

Fyke nets were fished in the draft-tubes of wunits 1,2 or 3 in order to
quantify rates of entrainment. A total of 13,186 fish were captured during 501
hours of netting from January 1992 through June 1994. Kokanee conprised 97.5%
of the catch, with 74.1, 12.7 and 13.2% of the fish being age 0+, 1+ and 2+
respectively. Surges of age O+ fish were seen during June for all years, and the
peak nunber occurred in the evening of January 13, 1993, when 1,246 were
captured, vyielding an entrainnent rate of 41.99 fish/10* m’ of water. Hi gh
nunbers of age |+ fish were captured in June of 1993 and 1994, reaching highest
nunbers (330) in the norning of June 4, 1993. Age 2+ fish were captured from
June to Cctober in 1992 and again in June of 1993 and 1994. Peak nunmbers were
reached on June 2-3, 1994 when 244 fish were captured between 1930-0718 hrs. The
remai nder of the catch was conposed of the follow ng species, in decreasing order

of abundance: |argescale sucker, peamouth chub, mountain whitefish, |ongnose
sucker, burbot, rainbow trout, yellow perch, cutthroat trout, redside shiner,
bull trout, |ongnose dace and northern squawfi sh.

About 81% of kokanee (>124 mm TL) captured in draft-tube nets were deened
to have suffered turbine-induced injuries. About 21% of these fish had | ethal
or soon-to-be lethal injuries: decapitation, deep lacerations, tw eyes mssing
or crushed, torn gill arch(es), and |large body cavity rupture. Anot her  28%
sustained injuries that were major--not imediately fatal, but were prolonged and
damaging injuries. Another 32% suffered injuries that were mnor and not lethal.
The remai ning 19% had injuries of an unknown origin; they may have been caused
by the turbines, the draft-tube nets, or some conbination of the two.

Diel patterns of entrainment were nmeasured with single-beam hydroacoustic
equi pment, by using a transducer which was nounted to the trashracks of unit 3
and sounded down the center of the penstock. There was a distinct difference
between diurnal and nocturnal entrainnent. Al hourly intervals between sunrise
and sunset had nedian rates of 0% of the daily rate. Entrai nnent increased
i medi ately after sunset and reached a peak at 144% of the daily rate in the
interval from 2-3 hours before mdnight. Rates dropped for the next two hours,
but then showed sustained high levels from midnight until sunrise. On the
average, 78%of all fish were entrained between sunset and sunrise, while only
22% were entrained between sunrise and sunset.

Entrai nnent rates derived from sonar and draft-tube netting were used to
estimate t he total nunber of fish entrained through Li bby Dam for vari ous periods
of time. The | ongest period of continuous sanpling was from January. 1992 to
January 1993, where nightly draft-tube netting sessions occurred on a bl-weekly
basis. W calculated both a high and low estimate of total entrainment for this
period. The high estimate of 4.47 mllion fish assumed that rates from biweekly
sanpling applied to unsanpled days preceding and following the netting session.
A low estimate of 1.15 million fish assumed that the rate of entrai nment during
unsanpl ed periods was the nean of all neasurenents for the year. These nunbers
were conpared to a reservoir fish population estimate of 4.78 nillion fish, which
was cal cul ated by using boat-munted sonar in August 1991. The | ow and high
entrai nment estimates were 23 and 92% of the total fish population, respectively.

Fish densities in the forebay were measured with boat-munted sonar.
Acoustic data were collected along 711 transects between Decenber 1990 and June
1993. Areal density of sonar targets reached its highest levels during My and
June 1991, peaking at 63.4 targets/ 100 m? at mi dni ght on may 20. Ot her prom nent
peri ods of high densities occurred in May and June of 1992 and 1993 as wel |l as
during Novenber and Decenber 1992. In spring, nearly all sonar targets were
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found in the top 20 neters of the water colum. In summrer, a diel vertical
mgration pattern was seen. At nidday, about 48% of the fish were in the top 10
m but at mdnight only 14% were in the top 10 m and 69% were bel ow 20 m In the
fall, diel wvertical mgrations were not apparent. There was a slight
concentration of fish in the top 20 m (49-72% of total), and another 26-46% of
the fish were found between 20-50 m. Wnter distributions were similar to t hose
in fall: 51-73% in the top 20 m and an additional 27-47% between 20-50 m

Entrainnent rate was nmost highly correlated with forebay fish density at 10-
20 m bel ow withdrawal depth in the near-dam forebay transects (r=0789), wth
di scharge (r=0.758), and with areal density in near-dam forebay area (r=0 676).
Multiple regressions were performed on these and other variables, and the nodel
expl ai ning the nost variance (R*=0.776) i ncor porated di scharge, forebay density
at 010 m above withdrawal depth (for both near- and far-dam transects), and
areal density for all transects. W applied these predictor variables to typical
dam operati ons over the past 10 years to nmake generalizations about seasonal
trends in entrainnent. Spring (late April-early July) and fall (Cctober-
Decenber) are the seasons with the highest potential for entrainment. In spring,
this is because forebay fish densities are high and at depths close to the depth

of withdrawal (20-30 m). The |ikelihood of entrainment during spring will be
even greater if discharges are kept high to augnment flows for Pacific sal non
and/or white sturgeon. In fall, potential is high prinarily because of the high

di scharges typical for this tine of year. Conditions are sonewhat |ess conducive
for entrainment in summer (July-Septenber), but the potential remains because the
fish exhibit diel vertical mgration through the depth of wthdrawal.
Entrai nnent should be lowest in wnter (January-March), due to low fish densities
and discharge, as well as very deep wi thdrawal depths.

The kokanee in Libby Reservoir have exhibited strong density-dependent
growth since the md 1980s wth spawner size ranging from 410 nmmin 1986 to 257
mm in 1990. From a fish nanagenent perspective, |arge kokanee are desirable to
stinulate angler interest, but extremely low densities are undesirable because
the fishery can becone unstable and susceptible to collapse. W have shown that
entrainnent is a predictabl e phenonmenon, and should be useful as a managenent

tool to control kokanee nunbers. It should be possible to manipul ate entrainnent
by controlling dam operations (withdrawal depth, discharge and |oad follow ng),
particularly during periods of high forebay fish densities. A controlled

entrai nment program should target age O+ kokanee, because they typically occur
in higher densities than older age classes and are not sought by anglers.
Removal of age O+ fish will also reduce conpetition for food with ol der age
cl asses.

X i



SCOPE OF WORK

Entrai nnent, or passage, of fish through the turbines of dans
is a well-researched phenonenon. Much of the work has dealt wth
anadronous fishes, particularly the snolts of Pacific salnon
passi ng through Colunbia River danms. The timng and magnitude, as
well as the nortality and injuries associated with this entrai nnent
have been described by numerous investigators (Cramer and Qi gher
1961a & 1961b, Schreck and Li 1984, Johnson et al. 1985, Johnson et
al. 1992) and summarized by others (Either et al. 1987, Bell 1981
& 1990, Wnchell et al. 1992). Much effort has also gone toward
devel opi ng technol ogies that will reduce entrai nnent or provide for
saf e passage through or around turbines (Stone and Webster 1986).

Less well wunderstood is the entrainment of nonanadronous or
"resident" fishes. In the Pacific Northwest, the entrai nment of
kokanee sal mon (Oncorhvnchus therka) is of particular concern. t
is an inportant ganefish in many |akes and reservoirs, and is
susceptible to entrainment because it resides in the pelagic zone
of | akes, establishes itself in high densities and is found
t hroughout the water column (Northcote et al. 1964). Recent work
by Tilson et al. (1994) has suggested that sonme kokanee entrai nnent
may actually be downstream mgration induced by physiological
changes simlar to those experienced by snolting sockeye sal non.

Kokanee have becone an inportant ganefish in Libby Reservoir
since their introduction in about 1977. The entrai nment of kokanee
t hrough Li bby Dam was observed as early as 1981 (Huston, Ham in and
May 1984). Since that tine, the population has displayed narked
fluctuations in its nunbers. Because kokanee growth is strongly
densi ty-dependent, their size has al so fluctuated. The change in
size has had a powerful influence on angler interest. Wen spawner
length was 352 mmin 1985, angler pressure was 115, 000 angl er days.
In 1989, spawner size dropped to 278 nm and angl er pressure dropped
to 44,000 angl er days.

The nethods typically available to fisheries nanagers to
control kokanee nunbers include changes in fishing regulations and
changes in stocking rates of kokanee or kokanee predators. Another
tool that is potentially available in reservoirs is to control
entrai nment | osses. W initiated this study to determne the
feasibility of manipulating Libby Dam operations to control
entrai nment | osses. Specific study objectives were:

1. Quantify the daily, seasonal and vyearly rates of
entrai nment ;

2. Identify biotic and abiotic variables (including those
related to dam operation) that can be statistically
related to entrai nment rates;



Describe the types of injuries sustained by fish passing
t hrough Li bby Dam tur bi nes. Estimate nortality rates;

Recommend changes in dam operations that will enhance or
optim ze reservoir and river ganefish popul ations.



DESCRI PTI ON OF LI BBY DAM AND STUDY AREA

Li bby Damis | ocated on the Kootenai R ver about 18 kiloneters
east of Libby, Montana. This concrete gravity dam neasures 131.7
min height and 13.6 min width at the top. The dam was authori zed
by the Flood Control Act of 1950 and is operated by the U S. Arny
Corps of Engineers. Construction of the dam began in 1966 and was
conpleted in March 1972. Water was directed through the sluice
gates or over the spillways until the installation of the first
four generators between August 1975 and March 1976. A fifth
generator was installed in the fall of 1984. The dam has the
capacity for eight generators, but the remaining three have not
been installed. The dam is currently operated so that all water
goes through the turbines.

Full pool (749.7 m or 2,459 ft nsl) was first attained in
August 1974 with the reservoir stretching 145 kmin length (Figure
1) . Maximum water depth is slightly over 100 mat the face of the
dam (Figure 2). The penstocks are arranged into two groups of four
and are nunbered beginning on the west shore. Units 1 and 8 are
113 m and 227 m from the west and east shores, respectively; the
di stance between units is 19.2 neters. The top and bottom of the
penstock intakes are at 692.7 m nsl (2,272 ft) and 677.4 m nsl
(2,222 ft), respectively. The penstocks are rectangular at the
face of the dam (4.6 x 15.2 m and narrow to a 6.1-m dianeter
cylinder within 46 neters. Wcket gates control water flow into
the vertical -shaft Francis turbine chanbers; mdline turbine runner
elevation is 645.7 m nsl (2,118 ft) (Table 1). Water drops from
the turbine chanber into a vertically-oriented draft tube, which
makes a 90 degree turn to the horizontal. The draft tube then
splits, with water flowing into the tailrace through two draft
t ubes.

A selective withdrawal system was retrofit to the upstream
face of the dam between 1971 and 1974. This structure allows for
the withdrawal of water anywhere from the depth of penstock intakes
to the elevation at full pool. However, current dam operating
guidelines restrict withdrawal depth to no shallower than 15.2 m
(50 ft) fromthe water surface. The structure consists of 14 bays,
into which 3.1-m (10 ft) high bul kheads are added or renoved in
order to adjust withdrawal depth. The bays are located in front of
and between the penstocks, and bul kheads can be adjusted
i ndependently for each penstock. In recent years, it has been
customary to keep withdrawal depth the sanme for all penstocks.



Figure 1. Map of Libby Reservoir, show ng hydroacoustic sanpling
ar eas.
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Table 1. Selected hydraulic and physical conditions of Libby Dam penstocks
and turbines.

Power house di schar ge
M ni num (per operations nanual) : 56.7 ens (2,000 cfs)
Normal mninmum 113.4 cms (4,000 cfs)
Maxi mum  793.5 cms (28,000 cfs)

Physi cal  di nmensi ons:
Penstock at upstream face of dam 4.6 x 15.2 m (15 x 50 ft)
Penstock di aneter inmmedi ately above scroll case: 5.3 m (17.5 ft)
Draft tube at downstream face of dam 5.8 x 7.2 m (19 x 23.75 ft)
Trashrack grating (open space between bars) : 0.76 x 0.15 m (2.5 x 0.5 ft)

El. evations (msl) :
Full pool: 749.7 m (2,459 ft)
Penst ock:
at top of intake: 692.5 m (2,272 ft)
at bottom of intake: 677.4 m (2,222 ft)
Turbi ne runner mdline elevation: 645.6 m (2118.0 ft)
Tai lwater el evation:
at normal m ni num di scharge: 645.6 m (2117.8 ft)
at maxi nrum di scharge: 647.6 m (2124.2 ft)

Turbine characteristics:
Type: Francis, vertical shaft
Runner dianeter: 4.8 m (15.83 ft)
Nurmber of bl ades: 15
Blade tip clearance: 16.8 cm (6.6 in)
Space between bl ades at periphery: 1.0 m (3.3 ft)
Runner speed: 128.6 rpm
Maxi mum peri pheral velocity: 32.5 m's (106.6 ft/s)
Turbine flow (maximm : 158. 7 cms (5, 600 cfs)

Hydraulic head
Mnimm 51.5 m (169.0 ft)
Maxi mum 104.0 m (341.2 ft)

Water velocity through dam (113 cms) :
At entrance to penstock: 1.6 nis (5.3 ft/s)
In penstock i medi ately upstreamfromscroll case: 5.1 mls (16.6 ft/s)
Thr ough wi cket gates (100% opening): 8.4 ms (27.5 ft/s)
At draft-tube gateslot: 1.7 ms (5.7 ft/s)




METHODS AND MATERI ALS
Fi sh Entrai nnent
Penst ock Sonar

W selected the penstock of unit 3 to nonitor entrainnent
because this unit is kept on-line continuously during normal dam
oper ati ons. It withdraws water out of the east half of the
sel ective withdrawal structure, and is |ocated about 140 m from the

east shore (at the depth of the penstock intake) and 360 mfromthe
west shore.

Equi prent . A BioSonics Mdel 101 Echosounder was used to
transmt and receive electrical signals froma BioSonics transducer
(6° circular beam 420 kHz), which was nounted on the trashracks of
unit 3. A BioSonics rotator was used to angle the transducer so
that it sounded directly down the center of the penstock. The
transducer cable was brought across the face of the trashrack
(protected by steel conduit) and then up the face of the dam
(protected by garden hose). About 229 neters of cable (152 mafter
Cct ober  1991) was used to ~connect the transducer to the
echosounder, which was |ocated inside the dam Qutput from the
echosounder was filtered through a BioSonics Mdel 165 Chart
Recorder Interface, wusing a 200 nV threshol d. Signals were then
recorded on an EPC Mdel 1600 G aphic Recorder wusing 24 neter
el ectrosensitive rolls (from Decenber 4, 1990 to May 7, 1991) or a
Rayt heon LSR-910M Line Scan Recorder using 61 m electrosensitive
rolls (beginning on My 23, 1991). Recording sessions typically
| ast ed about 24 hours.

The echosounder and transducer were calibrated by personnel at
Bi oSonics, Inc. At system settings of 0 dB for both the receiver
and transmtter and a 200 nV signal threshold, the threshold target
strength value was -61.8 dB for a target directly on axis.
Effective full-beam width was calculated to be 1.7° for a -61 dB
target and 7.1" for a -49 dB target.

Initial echosounder settings were: receiver gain, -6 dB;
transmtter level, 0O dB;, trigger interval, 0.3 set, pulse wdth,
0.4 nsec, blanking distance, 1.5 m range, 22.0 m Range was

changed to 26.0 mon February 4, 1991, trigger interval was changed
to 0.1 sec on February 21, 1991, and receiver gain was changed to
O dB on April 1, 1991

In Cctober 1991, it was discovered that the protective
covering on the transducer cable had been worn away by the
continual action of debris and water turbul ence. As the cable wore
away, the background electrical noise becanme stronger and the echo
return signals becane weaker. The cable was repaired, but soon the
protective covering began to wear away again and by August 1992 the
signal was very weak. Chart recordings nmade during the tinmes of
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severe wear were of limted use in calculating hourly and daily
entrainment rates, because we could not quantify the |oss of
voltage in the return signals.

Chart Interpretation. Al charts were inspected for echoes
that could be interpreted as fish. Charts typically had an dark
band at a range of seven neters, representing echo returns fromthe
upstream gateslot in the penstock (Figure 3). Beyond this range,
the charts tended to get nore heavily marked wth distance,
presumably due to the anplification of background electrical noise
caused by the tine-varied gain (TVG function of the echosounder
The anount of background noise varied considerably, although
typically the markings from the noise rendered the charts
unr eadabl e beyond a range of about 22-23 m (Figure 3).

Moving targets were assuned to pass through the transducer
beam parallel to the line of the acoustic axis. Because the
chartpaper noved during the time a target traveled through the
beam successive echoes forned a trace that was at an angle
tangential to the direction of paper novenent (Figure 3). Traces
were interpreted to represent noving targets if at Ileast three
echoes were found along the expected angle of the trace.

It was difficult to distinguishaa fish trace from woody-
debris trace. Traces on chart recordings fromthe fall, winter or
early spring were alnost certainly those of fish, as debris was
virtually nonexistent during this tine. These traces were
typically nmade up of echoes of simlar strength. Debris was
usual ly dense in My, June and July, and traces from this tine
often had echoes quite variable in strength.

Estimation of fish entrainnent rates on a daily basis. The
nunber of chart-recording traces determned to represent fish were
used to estimate the total nunber of fish going through the
penstock for the duration of sanpling. This effort was nade
difficult by two fundamental characteristics of hydro' acoustic
systens: 1) the transducer beam width is relative to the target
strength of the objects it is detecting; and 2) the target strength
of a fish is a function of its size and orientation to the
t ransducer. Since we never knew the size or orientation of fish
represented in the traces, we were never able to determ ne the beam
wi dth, and were therefore unable to determ ne the percentage of the
penstock being ensonified. W were able to deal with this problem
by using a specially devel oped conputer programthat cal cul ated the
beam wi dth for fish of any length. The program then sinulated the
progression of each fish theough th penstock and estinmated the
percentage of fish that were detected by the transducer.

The program began by randomy choosing a path for each fish to
take as it passed through the penstock. The orientation of the
fish was then chosen and sinmulated in two ways--by estimating a
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nean target strength value, and fitting a frequency distribution
around the mean. The nean target strength value was based on the
length of the fish and its general position as it went through the
penst ock--head first, tail first, sideways, etc. Both the length
and orientation were chosen by the program user as described bel ow
in input walue #2 and 7. The frequency distribution associated
with the nean was assuned to abe that of Rayl ei gh probability
density function (Peterson et al. 1976). Wth each ping from the
echosounder, the program randomly chose a target strength value
fromeh Rayleigh distribution.

The program (using Monte Carlo techniques) sinulated the
progression of each fish through the penstock, and considered a
fish to be detected if: 1) it travelled through the ensonified
portion ef th penstock (calculated from the beam wi dth value for
each fish); and 2) its return signal eXceeded the 20 mV threshold
at least three tinmes (so that it created a "trace" on the chart
paper). The program determined the ratio of detected to undetected
fish in the simulation, and provided a scalar as output. Thi s
scalar was then nultiplied by the nunmber of targets detected on the
chart paper (within the nmaxinmum effective range) to obtain an
estimate of total nunber of fish going through the penstock.

The user was able to specify the follow ng input values for
t he program

1) Maxi mum effective range of transducer. Due to the
geonetry of the transducer beam we expected that the
nunber of targets would increase linearly wth range.
However, the tendency of the chart recordings to be nore
heavily marked with range (by anplification of background
el ectrical noise) affected this relationship, and there
was always a range at which our ability to detect targets
began to dim nish. The "maxi mum effective range" was
therefore defined as the range at which the linear
i ncrease no longer occurred (Figure 4).

2) Lengt h-frequency distribution of fish going through the
penst ock. The nunber of fishhin eac 10-mmlength
interval was used. Nunbers were based on catches from
the draft-tube nets at the time the sonar was operating,
or in the absence of draft-tube netting, from the nost
recent sanpling in th forebay with vertical gillnets.

3) Trigger interval (pings/second).
4) Transmtter sourlce |eve (dB).
5) O her gains (voltage gains or |osses due to changes in

cable length or receiver gain setting).
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6) Di scharge for wunit 3 (cfs). This was used to estimte
the speed of the fish, and consequently the nunber of
times it could be detected by the transducer.

7 Intercept point of a regression line drawn through a
total fish length-target strength plot. This was used to
assign target strength values to fish of various |engths
(as entered for input value #2). The equation was:

TS=20*log,,(fish length in cn) - X

where TS=target strength (dB) and X=intercept Vval ue.
Using target strength values obtained from prior dual-
beam surveys on Libby Reservoir, we determned that X =
-74.7 when kokanee are detected from a dorsal aspect. A
fish oriented with its head or tail toward the beam woul d
have an intercept of about -94.7 dB. W chose to use a
value of -87.7 dB, assuming that nost fish in the
penstock were likely to be at an orientation intermediate
between the two extrenes. Qur use of -87.7 dB was al so
justified because this is the value that provided the
best correlation between sonar estinmates and draft-tube
estimates (see paragraph bel ow).

8) Nunber of sinulations. Input on this line determned the
nunber of simulations for each 10 nmm length interval.
For exanple, if there were six fish in the 160-170 mm

size interval (based on netting), an input of 100 woul d
make the program run 600 sinulations for that interval.

Computer estimates for penstock entrainment were found to be
somewhat |ower than estimates generated from draft-tube netting.
Using data from five sessions where both sanpling nethods were
operated concurrently, we found the correlation between the two
variables to be high (r* = 0.97), and the relationship to be
descri bed by the equation: (Y - 27.2)/0.85 = X, where Y = penstock
sonar number and X = draft-tube net nunber. W assuned that draft-
tube estimates were the nore accurate of the two, and therefore
adjusted all penstock estimates with the equation. The penstock
estimates (Y) were inserted into the equation, which was solved for
(X) --the "corrected" penstock sonar nunber.

Estimation of fish entrainment rates on an hourly basis. I'n
order to nake neani ngful conparisons between the hourly intervals,
all targets (including those beyond the maxi mum effective range)
were used to calculate the nunber of targets per hour. This was
necessary because the nunber of targets detected per hour was
typically two or less (Appendix E), and frequently none of the
targets were within the maxi num effective range. As an exanple of
this procedure, assune the followi ng: there were 10 targets on the
chart paper w thin maxi num effective range, the program gave us a

12



scalar of 100, and the total targets on the chart paper was 25 (10
targets between 0600-0700 h, 3 targets from 0700-0800 h and 12
targets from 0800-0900 h). Total estinmated nunber of targets is 10

x 100 = 1,000. This total 1is apportioned anong the hourly
intervals as follows: 1,000/25 = 40 fish per target detected on
chart pafer;x 10 = 400 fish from 0600-0700, 40 x 3 = 120 fish

from 0700-0800 and 40 x 12 = 480 fish from 0800-0900.

Due to our inability to quantify the loss of signal strength
as the covering on the transducer cable wore away, we were unable
to directly conpare hourly entrainnent rates between nmany of the
recordi ng sessions. To conpensate for this, we converted all
hourly rates to percentages, calculated by dividing the rate for
the hourly interval by the average entrainnment rate for the entire
recordi ng session. In this way, the value for each hourly interval
reflected its relative inportance in the recording session, and
could be directly conpared to other recording sessions.

Draft-tube netting

Entrai nnent was also quantified by netting fish in the draft
tubes of Libby Dam (Figure 5). In order to withstand the rigorous
hydraulic conditions of the draft tubes, we designed and
constructed a tubular-steel net frane. The rectangul ar franme had
an outside dinmension of 4.6 mx 7.3 mand had two vertical and one
hori zontal crosspieces, dividing the frame into six equally-sized
openings or cells (Figure 6). Fyke nets (6-nm [I/4-inch] knotless
mesh, 2.1 mx 2.0 m nmouth dinension and 5.0 m in length) were
attached to circular tubular-steel frames and fastened to the
downstream face of the large frane with short |engths of chain.
Typically three fyke nets were fished sinultaneously. Wen fished,
the entire rectangular tubular-steel frame, with fyke nets
attached, was lowered into the gateslot of the draft tube using the
power house crane.

In order to determne the best conditions' under which to
depl oy the nets, we neasured the water velocity at the center of
each of the six draft-tube frame cells using a General Cceanics
flowneter. W took neasurenents in both the left and right (facing
downstream) draft tubes of units 1 and 3 at 113.4 cns (4,000 cfs)
(Table 2, Figure 7). Conditions in the draft tubes of the two
units were quite simlar, and with one exception (D-right), cel
di scharge neasurenents were within 15% of each other.

W decided to fish the nets in the left tube because
velocities were lower than in the right tube, where prelimnary
tests produced conditions that tore the nets and bent the steel
frames. W also chose to fish at 113.4 cms, because this is the
normal m ni mum operating discharge for this turbine, and because
velocities in the left tube increased markedly as the di scharge was
increased from 113.4 to 155.9 cns (5,500 cfs) (data on file).
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ILLUSTRATION
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Fi gure 6. Drawi ng of draft-tube netting apparatus.
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Figure 7.
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Graphic representation of t he discharge of water through the draft tubes of unit
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Tabl e 2. D scharge of water (cns) through net-frane cells
when placed in the draft tubes of units 1 and 3 at
a turbine discharge of 113 cns. The position of
cells is displayed in Figure 7

Rati o of
Cel | Unit 1 Unit 3 unit I/unit 3
Left draft tube?
1 3. 66 3. 97 0.92
2 2.46 2.26 1.09
3 3.32 3. 89 0. 85
4 4. 49 4.43 1.01
5 3.79 3.92 0. 97
6 7.87 7.88 1.00
Right Draft Tube?®
1 19. 63 21.38 0.92
2 14. 10 12.74 1.11
3 10. 62 8. 06 1.32
4 22. 31 25. 54 0. 87
5 14. 05 13. 27 1. 06
6 7.07 6. 02 1.17

aLeft or right determned by facing downstream

The fyke nets were fished in the left draft tube of units 1, 2
or 3. Unit 3 was used exclusively from January 1991 through
January 1993. In May 1993, unit 3 was danaged and taken out of
operation; we then netted in unit 2 on May 25 and in unit 1 through
the nonth of June and again in 1994. Nets were typically fished
from about 1600-2300 hr and then again from about 2330-0700 hr.

Fish were examned for external and internal injuries
imedi ately after renoval from the draft-tube nets. Very snall
fish (primarily age O+ kokanee) were not exam ned, due to the
i kelihood that many of their injuries were net-induced rather than
t ur bi ne-i nduced. Al larger fish (>125 mm TL) that were still
alive were exami ned, as were a representative sanple of dead fish

Estimation of fish entrainnent rates. Entrai nment rates
(fish/cubic neter of water) were summarized for each sanpling
sessi on. The catch rate in each fyke net was calculated by

mul tiplying the nunber of seconds the nets were fished by the
di scharge for that net cell (from Table 2). A nmean catch rate for
the sanpling session was determ ned by averaging the catch rates
for all fyke nets.
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Mobil e sonar in the forebay

We used boat-nounted sonar to estimate densities of fish in
the forebay on a biweekly basis from Decenber 4, 1990 to June 25,
1993. A Lowance X-16 Depth Sounder with a paper chart recorder
was used, and operated at a pulse width of 0.50 nsec and a Surface
Carity Control setting of 1. The gain setting was standardi zed,
al t hough the actual voltage strength of this setting is not known.
Ping rate was variable, and decreased with depth. W estimated it
to be about 5.5 pings/second at a depth of 100 m Nom nal beam
width of the transducer was 8°, although we calculated an actua
beam width of using the duration-in-beam techni que (Thorne 1988).
Due to apparent inconsistencies in the tine-varied gain (TVG
function, beam width did not stay constant at depths greater than
30 m Estimated beam widths at specific depth intervals are as
follows: O30 m (4.92°), 30-40m (3.78°), 40-50 m (2.04°), 50 m and
deeper (1.9°).

Soundi ngs were nade al ong predeterm ned transect |ines. The
entire water colum was ensonified and the boat speed was
mai ntai ned at a constant 2.5-3-0 knots. W sounded the portion of
the forebay extending fromthe dam upstream about 2 kmto the nouth
of Canyon Creek. A stratified random sanpling design was used to
select transects within this area. Six transects were established
at fixed locations in each of two sub-areas. The near-dam area
extended from the dam upstream to the weather station on the west
shore, while the far-dam area extended from the weather station to
the north bank of Canyon Creek at its confluence with the reservoir
(Figure 2). During each 24-hour sanpling period, soundings were
made along two transects in each sub-area at sunrise, mdday,
sunset and nidnight--for a total of 16 transects. W adjusted our
sanpling so that the transects would be sounded around the center

of the tinme period. For exanple, for the sunrise sanpling, we
would try to have two transects conpleted by sunrise and begin the
second two immedi ately after sunrise. Echoes from the soundings

were recorded on chart paper, and the chart paper was visually
i nspected for targets.

Target densities (no./m®> of water) along the transects were
determned for each 10-m depth stratum  The nunber of targets in
each stratum was determned by visually inspecting the chartpager
and counting the marks that were interpreted to be targets. he
volume of ensonified water in each stratum was calculated by
multiplying the transect distance (M by the cross-sectional area
(m?) of the transducer beam in the stratum Cross-sectional area
was calculated by multiplying the average beam dianeter of the
stratum by the thickness of the stratum  Beam dianeter (b was
cal cul ated by the equation:

b= [2Rtan(theta) ]*a,

where theta is the half-beam angle in degrees, a is thickness of
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the stratumin nmeters, and Ris the md-range of the stratum from
t he transducer.

Vertical gillnetting and tenperature neasurenents

Vertical gillnets were fished overnight once a nonth from
Decenber 1990 to August 1992 in conjunction with the nobile sonar
surveys. The nets were set off the forebay buoy, which is |ocated
bet ween transects 6 and 7. Four nets (50-m deep by 3.7-m wi de) of
square-nesh sizes 19, 25, 32 and 38 nm were used from Decenber 1990
t hrough May 1991, while a 12-mm nesh net was al so used beginning in
June 1991. The size and species of fish caught in these nets were
assuned to be representative of fish detected with the nobile sonar
and of fish entrained through the dam

Water tenperatures were neasured nonthly from Decenmber 1990
t hrough August 1992 at the forebay buoy using a Col e-Parner digital
thernoneter. Tenperatures were taken at depths of surface, 3, 6, 9,
12, 15, 20, 25 and 30 neters. (Qccasionally tenperatures were taken
to depths of 40 neters.

Estimates of total entrainment through Libby Dam

For each day of sanpling, entrainment through the entire dam
was estimated in the following way: 1) For the draft-tube nets, we
applied the entrainment rate for the netted draft-tube to the
unnetted tube of the same unit as well as to draft-tubes of other
units. For the time of day that we did not neasure (always
sonetine between sunrise and sunset), we assuned that the
entrai nnent rate was 28% of the neasured rate. This was based on
noct ur nal / di ur nal differences in entrainnent neasured by the
penstock sonar (Table 20); and 2) For the penstock sonar, we
assuned that entrainment rates for unit 3 were the sane as for al
other units.

W also estimated total entrainment for days that we did not
sanple. W devel oped two estimation procedures, with the purpose
of vyielding both a conservative (low and a |Iliberal (high)
estimate. The high estimte was determ ned by assuming that the
rates measured in one session were applicable to half the duration
of time to the next or previous sanpling session. The |ow estimate
was determ ned by assuming that the entrainnment rate during days
not sanpled was equal to the mean rate for all sanpling sessions.
Because the distribution plot of entrainnent rates was skewed
strongly to the left, we transformed values to the square-root or
fourth-root before cal culating a nean.
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Reservoir-wi de Fish Popul ati on Esti mates

Estimates of the fish population in Libby Reservoir were nade
in August 1989 and August 1991. Sanpl e design approxi mated that
used by Shepard (1985) and Chisholmet al. (1989). The reservoir

was divided into four areas for sanpling purposes. The Tenml e
area extended from the dam to above Tenmle Creek. The Peck area
extended from the Tenmle Creek area to near Sutton OCr eek. The

Rexford area extended from Sutton Creek to the Canada border, and
t he Canada section extended to the Kootenai River inlet (Figure 1).

Dual - beam hydr oacousti cs

W used dual -beam hydroacoustic equipnent to estimate the

total fish population in the reservoir. Acoustic data were
collected along established transects during noonless nights in
August . Data were collected with a 420 kHz BioSonics dual - beam

echosounder (6° and 15° circular transducers) and recorded on tape
inadgital format. The digital files were then processed with a
Bi oSoni cs Mddel 281 Echo Signal Processor and converted to ASC |
text files for further analysis. Density estimates were made for
two size groupings of fish ("large" fish--mainly age class |+ and
2+ kokanee, and "small" fish--mainly age class 0+ kokanee), for
each 10-m depth stratum and for each transect. Transect densities
were weighted by their length, and conbined to calculate a weighted
average density for each area. The nunber of fish in each area was
calculated by multiplying the weighted density for each depth
stratum by the total volune of water in the stratum for the area.
The nunbers for each depth stratum were summed to cone up with a
total nunber of fish for that area. The nunber of fish for al
four areas were summed to produce a reservoir-w de population
estimate.

Vertical gillnetting

Vertical gill nets were fished overnight during August for one
night in each of the four areas. The net nesh sizes that were used
(19-, 25-, 32- and 38-mm square nesh) allowed us to sanple fish in
the "large" group. A ratio of kokanee/non-kokanee were cal cul ated
and applied to the total fish nunber from hydroacoustics in order
to estimate the nunber of kokanee and other fish.

Fi xed-franme trawing

A fixed-frame trawl (1.83 m x 1.83 m nouth dinension, 20-mm
mesh at the nmouth, 6-mm mesh at the cod end, 7.4 min |length) was
fished along the sonar transects in the Tenmle, Peck and Rexford
areas in August. At least one trawl was nade wthin each depth
stratum down to a depth of 45 neters. Catches from trawing
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allowed us to apportion the "small" fish category into kokanee and
non- kokanee conponents.

Kokanee Spawner Surveys

W conducted kokanee spawner surveys in Kikomun Creek from
1989- 1994. This spring-fed creek is one of the major spawning
tributaries for the kokanee population in Libby Reservoir. It is
ideally suited for visual surveys because of its snmall size (3-10
mw de and | ess than 1 m deep), excellent visual clarity and short
length (less than 5 km of suitable spawning habitat).

Surveys were typically conducted at 7-14 day intervals from
m d Septenber through Cctober. The entire stream was surveyed from
the nouth upstream to the abandoned dam A two-person crew
conducted the surveys on foot, each person covering different
reaches of the stream Al fish were directly counted, or if they
were in large groups, estimates of group size were nade. Al l
counts were totaled to estimte spawner escapenent.
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RESULTS AND DI SCUSSI ON
Dam Qper ati ons/ Li bby Reservoir Conditions

Vater  supply, power  needs, flood control and Pacific
salnon/white sturgeon flows all were prom nent factors in
determ ning Libby Dam operations from 1991-1994. Inflow to Lake

Koocanusa was high (139% of normal using the Cctober- Septenber
wat er year) and prolonged in 1991, wth peak runoff greater than
1,800 cnms and exceeding 1,000 cns for much of My, June and July
(Appendi x Figure Al). Qutflow during 1991 was typical in that high
di scharges were released during fall and w nter nonths. However ,
due to the high volune of runoff, discharges exceeding 500 cns were
necessary during June, July and August. Inflow during 1992 was
only 76% of normal, barely exceeded 1,000 cns at its peak, and
qui ckly dropped bel ow 250 cns by August. Due to the |ow reservoir
el evations, outflow during 1992 rarely exceeded 500 cns (Appendi x
Figure A2). Hi ghest discharges were mainly during the fall nonths,
al though a brief burst of water was provided for white sturgeon in
late May and early June. Inflow during 1993 was slightly bel ow
normal (87%, wth snowpack runoff peaking at over 1,500 cns in
|ate May-early June (Appendix Figure A3). A second surge in inflow
occurred during July, as heavy rains increased inflows back above
500 cms Qutflow for the first seven nonths of 1993 was kept
al nrost exclusively at the normal mninmum | evel (113 cns), with the
exception of brief spikes to around 500 cns from January through
March, and a block of water for white sturgeon/Pacific salnon in
June. Consistently high discharges (at or above 500 cns) were
rel eased from Cctober through Decenber. Inflow during 1994 was
once again |ower than average (83% and peaked at just over 1,200
cns (Appendi x Figure A4). Sonmewhat unusual was a brief surge above
700 cms  during late April, due to high air tenperatures
accel erating snowrelt. Qutflows were high during the first week of
1994, but were dropped quickly to 113 cns when the snowpack
forecasts were issued. M ni mum outflows were maintained through
July, wth the exception of the large block of water for white
sturgeon/ Pacific salnmon in May and June.

Li bby Reservoir reached full pool (749.7 m during 1991, but
not in 1992 or 1993 (Appendi x Figures Bl -B3). The drawdown in the
spring of 1991 was the second deepest on record (46 m, and was
partly in response to the high runoff prediction. Drawdown in
spring 1992 was less than 30 neters, although |ow runoff and the
dam rel eases for white sturgeon caused a reservoir refill failure
of about 6 neters. Drawdown in 1993 was 40 neters, and the
reservoir rose to within 3 neters of full pool by Septenber 1
(Appendi x Figure B4). Drawdown was again less than 30 neters in
spring 1994, and pool elevation rose slowy to within 5 neters of
full pool by August 1.

Qperation of the selective withdrawal gates was simlar in all
four years. Gates were typically installed beginning in late
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April-early May as reservoir waters started to warm Gates were
then installed or renoved through the spring, sumer and fall in
order to achieve the tenperature rule curve (USACCE 1984) for the
Kootenai R ver. Al gates were typically renoved by |ate Novenber-
early Decenber (Appendix Figures Bl-B4)

Wat er tenperatures neasured at the forebay buoy in 1991 and
1992 showed a dimictic pattern typical of tenperate region |akes
(Wetzel 1975), and also simlar to patterns previously described
for the reservoir by Chisholmet al. (1989) (Appendix Figures d-2).
In both years, isothermal conditions occurred in spring (April to

early June) and fall (late OCctober through Decenber). W nt er
t enperatures dropped below 4°C in both winters briefly from January
to March. Thermal stratification was weak, but seened to be

strongest between the 16 and 18°C isotherns. Tenperatures exceeded
15°C during July, August and Septenber, but only exceeded 20°C
briefly during July and August.

Forebay Fish Density and Distribution
Hydr oacousti cs

Acoustic data were collected along 711 transects in the
forebay between Decenber 4, 1990 and June 24, 1993. Effort was
fairly well distributed anong individual transects and periods of
day (Table 3). An average of 59.2 and 177.7 surveys were conducted
for each transect and tinme period, respectively. For each period
of day, an average of 14.8 surveys (range 7-23) were conducted for
each transect.

We found no indication of |longtermor sustained differences in
target densities fromone part of the forebay to another. Kruskal -
Wallis rank tests showed that there was no significant difference
(P<0.05) in target densities between transects, either on an areal
basis or on a volunetric basis when 10 neter depth strata were
considered individually (Table 4).

The areal density of sonar targets was highest during May and
June 1991, peaking at 63.4 targets/100 m?* at m dni ght May 20 (Table
5) - Hgh densities also occurred in May and June of 1992 and 1993
and Novenber through Decenber 1992 (Figure 38). An  unknown
percentage of the targets during May and June were probably echoes
from air bubbles and/or woody debris carried into the reservoir by
snowpack runoff. This was corroborated by draft-tube net catches
of large quantities of woody debris during May and June of 1992 and
1993 (Table lo), and by penstock sonar which detected debris-Ilike
traces in the spring of 1991 and 1992 (Appendi x D). Lowest target
densities were detected from April 29-30, 1992, when the densities
averaged 0.085 targets/100 m* for all four periods of the day.
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Tabl e 3. Nunber of sonar surveys conducted for individua
transects and periods of day in the forebay,
Decenmber 4, 1990 to June 24, 1993.

Peri od

Tr ansect Sunri se M dday Sunset M dni ght Tot al
1 21 13 13 15 62

2 14 21 13 17 65

3 16 9 14 13 52

4 16 14 18 15 63

5 15 17 15 16 63

6 11 15 17 13 56

7 11 23 14 11 59

8 18 21 7 19 65

9 15 11 19 16 61

10 12 15 17 15 59
11 20 7 16 15 58
12 10 10 17 11 48
Tot al 179 176 180 176 711

On nost dates, densities were higher at mdnight than any
ot her period of day (Appendix E). Overall, areal densities at
m dni ght averaged 12.0 targets/100 m*, about twice the levels at
sunrise (5.52/100m?) and sunset (7.28/100m?), and over three tines
greater than levels recorded at mdday (3.62/100 m?) (Table 5).
These differences are probably an anomaly, resulting from the
tendency of kokanee to school during the day and not at night
Echoes from schools were usually large and anorphous, and we were
rarely able to distinguish the traces of nore than 4 to 6
i ndividuals from a school. Consequently, we believe that many
i ndi vidual fish were unaccounted for during periods of schooling.
For this reason, mdday transect densities were usually the |owest.
Sunrise and sunset densities were internediate in density |evels,
because these were the periods of day when schools were breaking up
(dusk) or formng (dawn), and only sone of the schools were
det ect ed. M dni ght transects were therefore considered to be the
best indicator of actual forebay fish densities.

The vertical distribution of sonar targets varied with_ the
period of day and the season (Table 5, Figure 9). In the spring,
nearly all the targets were found in the top 20 neters of the water
col um. Even at m dnight, when a slight novenment to deeper water
occurred, there were still 83% of the targets in the top 20 neters.
This preference for shallow water could be due to: 1) Fish seeking
the warner surface waters in order to optimze growh conditions;
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Tabl e 4. Results from Kruskal -Wallis rank tests showing the nean rank of sonar target densities for
i ndividual transects in the forebay, Decenber 4, 1990-June 25, 1993. Total nunber of
transect s=711.

Volunetric Density in 10 m depth strata

Areal

Transect Density 0-10 m 10-20 m 20-30 m 30-40 m 40-50 m 50-60 m 60-70 m
1 345. 17 352.98 340.77 338.05 351.88 369.00 362.31 367.73
2 379.72 391.08 365.96 356.21 351.82 369.02 355.69 350.17
3 371.54 349.40 385.14 387.45 377.94 354.73 364.04 345.76
4 363.00 350.87 372.29 391. 48 352. 95 356.84 366.63 361.32
5 372.80 377.42 367.17 346.07 337.47 342.27 344 .00 350.08
6 346.70 366.98 350.97 318.85 316.27 325.22 342.82 339.00
7 328.68 329.78 326.15 325.03 355.46 343.65 341.13 351.54
8 371.64 377.18 370.15 356.46 383.18 356.25 360.79 361.28
9 384.15 374.43 389.91 391. 33 375.79 369. 39 350. 92 356.22
10 296. 01 305.08 297.32 332.64 340.14 367.55 368.30 362.79
11 366.30 358.54 358.42 378.09 389.55 363.03 365.07 363.36
12 338.57 324.89 344.04 349. 21 335.55 350.90 347.75 361.27

H Val ue 10. 04 10. 03 10. 41 10. 44 8.37 4.74 5.06 8.07

ﬁignfficance

eve 0.5268 0.5275 0.4942 0. 4910 0.6796 0.9432 0. 9282 0.7068
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Table 5. Summary of sonar target densities in the forebay, Decenber 4, 1990-June 25, 1993.
Mean volunetric density (no./10* m®)
Mean Areal within depth stratum (n
Density
Season' N Peri od (no./100 m?) 010 10- 20 20- 30 30-40 40-50 50- 60 60-70
Spring 51 Sunri se 9.08 49.7 36.0 4.41 0. 65 0.05 0 0
52 M dday 6.41 45.9 16. 2 1.77 0.10 0.08 0 0
52 Sunset 15.9 122 28.1 5. 60 2.69 0.04 0.23 0.10
52 M dni ght 21.1 102 84.1 18.8 5.27 0. 64 0.20 0.24
Sunmer 40 Sunrise 5.93 24.5 20.2 9.56 2.72 1.44 0.79 0.05
40 M dday 4.72 26.7 14.0 2.16 1.73 1.29 0.89 0. 45
40 Sunset 5.71 28.0 20.2 6. 37 1.35 0.33 0.51 0.33
40 M dni ght 9.14 14.5 23.3 33.2 12.9 6.14 1.25 0.13
Fall 44 Sunrise 5.07 14. 6 16. 8 9.04 6. 85 2.76 0.53 0.11
40 M dday 1.90 7.62 6.04 2.34 1.59 1.01 0.31 0.12
44 Sunset 5.13 18.6 17.7 7.30 4.38 2.70 0. 48 0.10
40 M dni ght 12.1 28. 4 18.5 22.0 22.5 19. 4 9.36 0.97
W nt er 44 Sunri se 1. 46 4.00 4.77 3.96 1.33 0.50 0 0
44 M dday 0.90 6.02 1. 44 0.78 0.34 0.25 0.10 0.04
44 Sunset 0.69 1.72 3.39 0.89 0.51 0.19 0.07 0.10
44 M dni ght 3.73 20.9 8. 49 4.17 3.19 0.57 0 0.06
All 179 Sunrise 5.52 24.3 20.1 6.59 2.80 1.14 0.31 0.04
176 M dday 3.62 22.9 9.70 1.74 0.87 0.61 0.30 0.14
180 Sunset 7.28 46.5 17.8 5.03 2.27 0.79 0.31 0.15
176 M dni ght 12.0 45.0 36.5 19.1 10. 4 6.12 2. 47 0.34

'Season definitions are:
6-15°C and weak thernal

Sunmer

tenperature

exi sts;

Fal |
is 6-15°C; Wnter

Spring (late April
stratification or
(late June through early OCctober),
stratification

(Cct ober

through early July),
i sot her mal
when wat er
through Decenber),
(January through April),
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i sot her nal

when water
condi tions exist.
t enper at ur es

when
when wat er

reach at
condi ti ons exi st
tenperatures are <6°C.

tenmperatures are between
Turbidity |l evels may be high;

| east

15°C and thernal
and water
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or 2) Hgh levels of turbidity reducing light penetration and
therefore reducing the ability of the fish (primarily kokanee) to
forage in deep water. In the sumer, a marked diel vertical
mgration was seen. At midday, about 48% of the fish were in the
top 10 nmeters, but at mdnight only 14% were in the top 10 neters
and 69% were bel ow 20 neters. Exam nation of individual sanpling
sessions showed a tendency for the concentrations of fish at
mdnight to be at or below the 15°C isotherm-the upper limt of
the optimal tenperature range for kokanee (Piper et al. 1982). The
novenent down to this tenperature at night may be for purposes of
nmet abolic efficiency (Bevel hinmer and Adans, 1993). In the fall,
fish seened to be sonewhat shal lower at sunrise and sunset that at
m dday and midnight, although the differences were slight. For all
periods of day, the general tendency was for a slight concentration
of fish in the top 20 neters (49-72% of total), but a substantial
nunber of fish between 20 and 50 neters (an additional 26-46%.
Wnter distributions were simlar to those in fall: 51-73% in the
top 20 neters and an additional 27-47% between 20 and 50 neters.
The nost notable difference fromthe fall was the tendency for fish
in winter to concentrate heavily in the top 10 neters at m dnight
(46% in this layer conpared to 16-33% for the other times of day).

Vertical gillnetting

Vertical gillnets were fished on 17 nights between Decenber
1990 and July 1992 in order to verify the species conposition and
vertical distribution of sonar targets. Speci es conposition was
domi nated by kokanee, (81.1% of the catch), followed in abundance
by peanobuth (9-0%, redside shiner (6.8%, northern squawish
(1.8%), bull trout (0.6%, westslope cutthroat trout (0.4% and
rai nbow trout (0.4% (Table 6). The shallow waters were dom nated
by redside shiners and peanouth, whereas deeper net captures were
predom nantly kokanee. Peanouth and redside shiners were caught in
the nets exclusively from My through Septenber. Al of the
redsi de shiners were caught in the top 6 mof the water colum (85%
were in the top 2 neters), while 80% of the peamouth were found in
the top 6 neters. Kokanee conprised only 17% of the catch in the
top two neters, 43% of the catch throughout the top six neters, and
94.8% of the catch in water deeper than six neters. Kokanee were
found in shallow water in April and May of both 1991 and 1992,
noved to deeper water in August and Septenber, and were distributed
t hroughout the water colum during fall and wnter. Thi s
distribution for kokanee was fairly consistent with the
distribution indicated in Figure 9 for seasonal distribution of all
sonar targets. This is as expected, particularly since the sonar
charts were typically unreadable in the top 2-3 neters, meaning
that nost of the species other than kokanee were not represented in
the chart recordings. The sanple size was often insufficient to
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Tabl e 6.

Vertical distribution of fish captured in vertical gillnets in the
forebay, Decenber 4, 1990 to July 21, 1992. Each cell indicates nunber
of kokanee captured within that depth interval. Abbreviations

used for other species: NSQnorthern squawfish, RSS=redside shiner, CRC=
peanouth, DV=bull trout, RBT=rainbow trout, WCT=westslope cutthroat
trout. Only one individual fish was caught for species other than
kokanee unless specified.

Date |12 |1 4 5 6 7 8 9 10 |12 |1 21314 |5 6 7
4 |22 11 20 18 15 16 26 31 4 |13 |12]10]15]12 10 21
Depth (m) |90 |91 91 91 91 91 91 91 91 |91 |92 [92]92]92]92 92 92
0-2 1 1 RSS-4 |RSS-7 |crC-5 |Ns@ 3 6 CRC-7 |RSS-15
CRC-6 |CRC CRC RSS RBT
RSS NSO NSQ
RSS
2-4 1 2 1 3 RSS-2 |RSS 1 bR 3112 CRC-5 |CRC
CRC CRC-2 |crRC CRC-2 RSS
j4-6 2 2 2 5 RSS 4 42 24 2 1 CRC
| CRC-2 CRC RBT rRss  |Rrss
6-8 ov |1 2 2 3 7 1 3 1 J2 |2 |7 |1 |cre 6
8-10 2 2 2 crRc-4 |2 |4 N 2811 |1 1
NSQ
10-12 1 1 1 2 1 2 |4 4 12 CRC 2
I NSa
12-14 2 Nsa |1 4 3 1 1 1 1103 1 2 wCT
NSQ CRC
14-16 1 4 7 1 1 313 4 l4 3 1
16-18 2 1 1 7 1 | 4 1 weT
18-20 1 3 1 4 1 2 12 2 2
NSQ
20-22 NSQ 2 1 2 3 2 ]2 2
22-24 1 2 1 1 3 2 2
24-26 2 1 1 2 1 1 1 3 5
26-28 2 3 7 2 |1 1 1 1 2
DV
28-30 1 1 5 2 1 1 |1 1 3
30-32 CRC 1 4 ov |1 |1 2 n crRC |4
32-34 4 2 2 3 1 3
34-36 2 1 4 1
36-38 2 It 2 1 11 1
38-40 1 1 2 11 4
40-42 2 1 1 2 i 1 1
42-44 1 1 1 1 1
44-46 1 1 1 1
46-48 1 2
48-50 1 1
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characterize the vertical distribution of the other species. Bul
trout and northern squawfi sh were often found next to other fishes
in the nets, and nmay have been caught as they attenpted to prey on
fish already caught in the nets.

Lengt h-frequency anal ysis was used to separate the age cl asses
of kokanee captured in the vertical gill nets. The 1988 year cl ass
was never distinct in the catches, but was nost easily recognized
in late sumer/fall 1991, when nost of the fish were probably over
300 nm TL (Table 7). The 1989 year class was first clearly
detected in July 1991, when these fish had a nodal value of 250-260
mm As age 2+ fish in July 1992, only three of these fish were
captured, ranging in size from 340-360 nm The first obvious
capture of 1990 year-class fish was in Decenber 1991, when they had
attained |l engths between 170 and 220 mm  These fish were probably
present in the forebay in the winter of 1990-1991, but the 12-mm
mesh net had not as yet been used, and so these fish went
undetected. The 1990 year-class fish were strongly represented in
the nets in July 1992, when the nodal |ength increnent was 240-250
mm  The 1991 year class was first captured in October 1991, when
they had a nodal value of 120-130 mm By March 1992, this sane
year class had grown to have a nodal value of 130-140 nm

The sanple size of net catches was usually insufficient to
characterize the vertical distribution of the different age cl asses
of kokanee. However, there were four netting series (Cctober 31
1991- February 12, 1992) in which a conparison of depth selection
was possi bl e. Wien fish distribution was examned by |o-neter
depth intervals, age class 1 and 2+ fish (conbi ned) were found nost
frequently in the top 10 m of the water colum (50% of total)
while the 1020 m depth interval was nost frequently occupied by
age 0+ fish (40% of total) (Table 8).

Conparisons to | akewi de dual - beam sonar surveys

Differences in the wvertical distribution of kokanee age
cl asses were |less distinct in | akew de sonar surveys than they were

in the vertical gill net conparisons. In the |akew de estinates
conducted in 1989 and 1991, fish were also grouped into |arge (age
class 1+ and 2+) and small (age O+ groups. The wverti cal

distributions of these two size groups were determned for the 12
transects extending from the dam to Tenmle Creek (Table 9). As
shown above in Table 6, kokanee are not the nost abundant species
in the 2-10 meter stratum in August. Therefore, the percentages
given for the 2-10 m interval probably do not reflect actual
kokanee densities. Below 10 neters however, the sonar targets can
be assurmed to represent kokanee. Excluding the 2-10 neter stratum
the percentage of large fish in the 1989 survey was highest in the

31



Table 7.

Lengt h-frequency distribution of kokanee captured in forebay vertica
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30-40 neter stratum and ranged from 26-34% of the total fish (Table
9) In 1991, the greatest percentage of large fish was in the 10-
20 nmeter stratum (40.2451, while percentages tended to drop wth
depth and were |lowest in the 40-50 neter stratum (14.92%.

Tabl e 8. Percentage of large (age class |+ and 2+) and
smal | (age class O+) kokanee in forebay
vertical gillnet catches, COctober 31, 1992 to
February 12, 1992.

Large Fish Smal | Fi sh
Dept h
stratum (m Percent no. Percent no.
O 10 80.0 24 20.0 6
10- 20 26.0 10 74.0 28
20- 30 30.0 6 70.0 14
30- 40 30.0 6 70.0 14
40- 50 20.0 2 80.0 8

Table 9. Percentages of small (age class Ot and
large fish (age class |+ and 2+) in Tenmle
sonar transects, August 1989 and August 1991

August 19892 August 1991°
Dept h
stratum Lar ge Snal | Large Snall
(m fish fish fish fish
2-10 25.0 75.0 1.73 98. 17
10- 20 26.0 74.0 40. 24 59. 76
20- 30 30.0 70.0 39. 34 61. 66
30-40 34.0 66. 0 30.72 69. 28
40- 50 28.0 72.0 14.92 85. 08
50- 60 28.0 72.0 17.72 82. 28
60- 70 - -- 16. 25 83.75
70- 80 28.0 72.0

2Thorne 1989
®McClain and Thorne 1991
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Fi sh Entrai nnent
Draft Tube Netting

A total of 13,186 fish were captured during 501 hours of
draft-tube net sanpling between January 29, 1992 and June 30, 1994
(Tabl e 10). Kokanee conposed 97.5% of the catch, of which 74.1%
were age O+ (TL 40-160 nmm), 12.7% were age |+ (TL 120-250 mm) and
13.2% were age 2+ (TL 200-360 nmm. Not abl e surges in age O+ fish
were seen during June in all years. Peak nunbers of this age class
were netted in the evening of January 13, 1993, when 1,246 were
captured, vyielding an entrainment rate of 41.99 fish/10* m?® of
wat er . H gh nunbers of age I+ fish were captured in June of both
1993 and 1994, with the peak nunber of 330 fish netted on the
norni ng of June 4, 1993 (Table 10). Age 2+ fish were netted from
June through Cctober 1992 and again in June of both 1993 and 1994.
The peak nunber of this age class was reached on June 2, 1994 when
244 fish were netted between 1930-0718 hrs.

Next to kokanee, the npbst abundant species in the draft-tube
nets was the |l|argescale sucker, which conposed 44.6% of the
remai nder of the catch (Table 11). Some of the suckers were
probably swept into the penstocks while feeding on algae on the
face of the dam Most of the suckers, however, were believed to
have intruded into the nets from downstream duri ng spawning runs in
early sunmer. A nunber of sexually mature fish were found in the
nets and they nmay have had the notivation to challenge the water
velocities and swmup into the draft-tubes, only to be washed back
into the nets. Simlar intrusions by spawning fish were suspected
in a few instances by nountain whitefish in the late fall and by

kokanee in |ate summer. Several large (> kg) rainbow and bull
trout were captured unharned during the study, and these were al so
likely intruders from downstream Burbot were captured nost
frequently during summer and fall, with juvenile fish outnunbering
adul t s. The entrai nment of burbot was surprising, given their
denersal orientation. However, the extensive fields of rip-rap

i medi ately above the dam nay serve as an attractant to burbot for
spawni ng and/or rearing. The two hatchery cutthroat trout captured
in the nets on August 12, 1992 and January 14, 1993 probably do not
serve as a reliable indication of the extent of entrainment of this
speci es. This is because nmany hatchery cutthroat trout that were
stocked into the reservoir in md sunmrer 1992 were captured |ater
that year during electrofishing surveys below the dam (MFWP,
unpubl i shed file data). Kam oops rainbow trout are also stocked
into the reservoir on an annual basis, but none were captured in
the nets during the course of the study.
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Tabl e 10. Numbers of fish and woody debris caught in draft-tube nets, January 29, 1992 to June 30, 1994.

Nurmber of kokanee" Entrai nnent rate€

Nunber Tot al Nunber
Nunber Age |1+ ot her nunber woody Nunber fish per
Dat e Ti me of nets" Age 0+ Age |+ & older speci es fish debris 100 X m® water

01-29-92 0647-1053 2 0 0 0 0 0 0 0

01-29-92 1109- 1235 3 0 0 0 0 0 0 0

02-13-92 0650- 0952 3 4 0 0 0 4 0 0.311
02-25-92 1610- 0005 3 20 0 0 0 20 0 0. 596
02-26-92 0020- 0845 3 44 0 0 0 44 0 1.232
03-10-92 1600- 2341 3 12 0 0 0 12 0 0. 367
03-11-92 2351- 0810 3 16 0 0 0 16 0 0. 455
04-61-92 1630- 2356 2 0 3 0 0 3 0 0. 143
04-02-92 0010- 0640 3 ] 7 0 0 7 0 0. 254
04-15-92 1632- 2355 3 1 6 1 1 9 0 0. 288
04-16-92 0010- 0758 3 0 3 0 2 5 0 0.151
04-29-92 1600- 0001 3 0 0 0 0 0 47 0

04-30-92 0010- 0737 3 0 0 0 0 0 9 0

05-12-92 1600- 2330 3 0 0 2 16 18 50 0. 063
05-13-92 2345- 0650 3 0 0 0 0 0 245 0

05-27-92 1600- 2400 3 0 0 0 13 13 12 0. 236
05-28-92 0015-0730 3 0 2 5 5 12 23 0. 357
06-09-92 1600- 2400 3 1 0 4 29 34 60 0. 147
06-10-92 0015- 0800 3 3 0 3 7 13 17 0.213
06-23-92 1600- 2353 3 10 0 29 1 40 10 1.168
06-24-92 0027- 0805 3 60 0 3 7 70 2 2.036
06- 30-92 1600- 2400 3 11 0 51 5 67 0 1.944
07-21-92 1600- 2356 3 15 1 37 5 58 1 1. 666
07-22-92 0010-0728 3 52 0 9 5 66 1 2.131
08- 04-92 1600- 2401 3 8 0 18 4 30 3 0. 854
08- 05-92 0016- 0807 3 33 0 4 1 38 0 1.143
08-12-92 1600- 2400 2 0 0 15 2 17 0 0.702
08-25-92 1600- 2400 3 19 0 28 1 48 1 1. 415
08-26-92 0020- 0812 3 78 0 42 0 120 1 3.599
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Tabl e 10, continued.
Nunber of kokanee" Entrai nnent rate'
Nurber Tot al Nurber
Nunber Age |1+ ot her nunber woody Nurmber fish per
Dat e Ti me of nets' Age 0+ Age |+ & older. speci es fish debris 10* X m’ water

09-10-92 0020- 0800 3 69 2 25 3 99 4 3.042
09-24-92 1600- 2400 3 46 3 52 31 132 0 3.183
09-25-92 0020- 0815 3 46 5 49 1 101 1 3. 006
10- 05-92 1600- 0010 3 32 0 11 3 46 0 1.299
10- 06- 92 0020- 0800 3 32 3 14 4 53 o] 1.630
10- 26- 92 1600- 2300 3 168 4 13 3 188 1 6. 334
10-27-92 2325-0810 3 42 2 8 6 58 0 1.563
11-18-92 1600- 2310 3 283 17 0 2 302 0 9.951
11-19-92 2332-0755 3 291 14 0 1 306 0 8.610
12-08-92 1600- 2310 3 1, 088 13 0 0 1,101 0 36. 24
12-09- 92 2337-0700 3 766 11 1 0 778 0 24.84
12-09-92 1600- 2304 3 717 36 6 3 762 1 25. 44
12-10-92 2320-0710 3 498 8 0 1 507 0 15. 28
01-13-93 1600- 2300 3 1, 246 0 0 0 1, 246 0 41.99
01-14-93 2325-0710 3 1,098 0 0 1 1,099 0 33.45
01-27-93 1600- 2300 3 66 1 0 0 67 0 2.258
01-28-93 2305- 0715 3 29 0 0 0 29 0 0. 836
05- 25-93 1600- 2300 2 0 23 11 4 38 0 1.750
05- 26- 93 2335-0730 2 0 214 0 5 219 2 9. 840
06-03-93 1630- 2315 3 86 124 31 8 249 198 9. 460
06- 04- 93 2345-0700 2 78 330 36 6 450 36 22.30
06-10-93 1600- 2300 3 354 97 50 6 507 - 18.70
06-11-93 0010- 0700 3 718 223 43 8 992 - 37. 44
06-17-93 1600- 2305 3 204 43 120 27 394 63 13.59
06-18-93 2320- 0705 3 436 99 46 16 597 38 19.76
06-24-93 1535- 2305 3 193 22 81 3 299 24 10. 27
06- 25-93 2337-0700 3 390 59 13 7 469 20 16. 37
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Table 10, conti nued.
Nunmber of kokanee® Entrai nnent rate€
Nunber Tot al Number
Pul | Nunber Age |1+ ot her nunber woody Nurmber fish per
Dat e Ti me of nets' Age 0+ Age |+ & older speci es fish debris 10' X m® water

05- 16- 94 0700- 1925 3 0 0 49 14 63 44 1.332
05-17-94 1935- 0710 3 0 1 24 5 30 21 0.663

05- 25-94 0700- 1925 3 0 1 9 4 14 23 0. 306

05- 26- 94 1930- 0715 2 0 14 35 4 53 18 1.764
06-01- 94 0700- 1915 3 0 10 53 17 80 42 1. 683

06- 02- 94 1930- 0718 3 0 109 244 8 361 49 7.890
06-08-94 0700-1915 2 0 2 28 1 31 80 0.932
06-09-94 1956- 0707 2 0 23 67 2 92 30 3.024

06- 15-94 0700- 1900 3 0 1 12 3 16 -- 0.336

06- 16- 94 1920- 0700 3 43 61 117 8 229 82 4.940
06-22-94 0700- 1914 1 0 2 14 4 20 183 1.214

06- 23-94 1940- 0715 2 25 25 132 1 183 19 5. 865

06- 29- 94 0730- 1915 2 0 2 24 1 27 35 0.854
06-30-94 1952- 0714 2 98 11 26 0 135 56 4.410
TOTAL FI SH 9,529 1, 637 1,695 325 13, 186

*Nets were fished in unit 3 on all dates except 5/25-26, 1993 when unit 2 was used,

and all of 1994 when unit 1 was used. Nets were fished in right draft tube on
draft tube after |-29-92. Nets were fished in cells 1,3, and 5 for all dates.
PApril | is assuned to be the birthdate of all kokanee.

"Does not include fish considered to be intruding into nets from downstream

and frome/3-25, 1993

[-29-92; nets fished in left
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Table 11. Sunmary of species other than kokanee caught in
draft-tube nets, January 29, 1992 to June 30, 1994.

Nunber Per cent
Speci es caught of total
Largescal e sucker (Catostonus macrocheil us) 145 44. 6
Peanmout h chub (Ml ocheil us caurinus) 57 17.5
Mountain whitefish (Prosopium williansoni) 30 9.2
Longnose sucker (Catostonmus catostomus) 26 8.0
Burbot (Lota lota 24 7.4
Rai nbow trout (Oncorhvnchus nyki ss) 9 2.8
Yell ow perch (Perca flavescens) 9 2.8
West sl ope cutthroat trout (Oclarki lewsi) 7 2.2

(i ncludes 2 hatchery WCT)

Redsi de shiner (Richardsonius balteatus) 7 2.2
Bull trout (Salvelinus confluentus) 6 1.8
Rai nbow cutt hroat trout 3 0.9
Longnose date (Rhinichthvs cataractae) 1 0.3
Nort hern squawfish (Ptvchocheilus oregonensis 1 0.3
TOTAL 325 100.0

Entrai nnent during Spring Runoff

Entrai nment of age 0+ kokanee was very high in May and June
1993 relative to the sane tinme period in 1992 and 1994 (Figure 10).
Nunmbers in 1993 peaked on June 10-11 when 1,072 fish were captured.
The large nunber of fish in 1993 relative to the other two years
cannot be explained by differences in the size of the spawner class
the previous year, because the 1992 spawner class was apparently
fewer in nunber than either of the other two years. W hypot hesi ze
that following winters with high snowack, reservoir inflowis very
turbid and kokanee will nove down-reservoir seeking clear water in
which to feed. When the kokanee reach the dam they continue
downstream through the turbines of the dam In support of this
hypot hesis, light transm ssion at the forebay buoy in 1993 was nuch
ower than in 1992 or 1994 (Table 12).

Wiile less well docunented, the situation in 1991 also
supports the hypothesis. Light transm ssion values were the | owest
of all four years while the nunber of penstock sonar targets was
hi gher than in 1992. Unfortunately, it was not possible to
directly conpare entrainnent rates between the two years, because
many of the penstock sonar targets durin% May, June and July in
1991 may have been debris. Nonetheless, the targets we specul ated
to be fish were consistently greater in nunber than they were in
1992 (Appendix El and E4). Forebay sonar target densities were
al so nuch higher during this period in 1991 than in 1992 (Table 5).
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Figure 10. Number of age 0+ kokanee in draft-tube nets fished from ca 1600-0700 hrs.
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Tabl e 12. M ni mum and maxi mum |ight transmission levels (%
nmeasured at regular depth intervals within the water
colum from O 21 m (70 ft) at the forebay buoy, 1991-
1994. Data from U. S. GCeol ogical Survey, Water
Resources Data Summaries, 1991-1994.

Year
Dat e 1991 1992 1993 1994
m d- May 3-4 8-14 4-7 9-27
m d- June 0-2 21-45 5-11 11-32
m d-July 30-50 25-33 14- 32 24- 33

Injuries to Entrained Fish

A total of 1,208 kokanee captured in draft-tube nets in 1992
and 1993 were examned for injuries (Table 13). Abrasions were the
nost common injury, found in 81% of examned fish ("conbined"
col um) . O her injuries, in decreasing order of occurrence were
internal bleeding of unidentified source (40% of fish), inflated
gas bl adder (26%, eye danage (18%, contusions (lo0%, soft and
pul py tissues (9%, lacerations (9%, body-cavity rupture (5%,
damaged operculum (5%, decapitation (4%, ruptured or inverted
gills (3% and internal bleeding of spleen (2%.

Interpretation of the cause of these injuries is difficult,
because damage nmay have occurred in the nets. Fish remained in the
nets for up to 12 hours, and injuries or deaths may have resulted
from being suffocated, crushed or disfigured by other fish and
debris, or from the pounding action of the nets against the walls
of the draft-tubes. To test for the effects of the nets alone, we
pl aced yearling rainbow trout in the draft-tube nets and depl oyed
the nets into the draft tube for varying anounts of tine (Table
14). W found that the only injuries that occurred after 11.45
hours were abrasions (100% of the fish), henorrhaging of |ower
intestine (80%, henorrhage of unidentified source (80% and soft
and pul py tissues (60%. To test for the effects of the turbines
alone, we captured 38 kokanee fromthe tailrace of Libby Dam which
had come through the turbines, but had not been netted (Table 15).
Many of the sanme types of injuries were found as in the nets al one
experiment: abrasions (40%, internal bleeding of unidentified
source (45%, and soft and pulpy tissues (5%. However, nore
serious injuries were also found, such as |lacerations (18%,
decapitation (119, and body cavity rupture (5% .

To be conservative, we treated all abrasions, wunidentified
internal bleeding, and soft and pul py tissues as being net-induced.
Fish were grouped into one of three nutually-exclusive categories
based on the severity of their injuries (Table 13). Fish with
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Table 13. A description of the types of injuries sustained by age class I+ and 2+ kokanee (TL > 124 mn) captured in draft-tube nets,
February 13, 1992 to June 25, 1993.

Number of dead fish (percent of total)

1992

Type of Feb Feb March April April May May June June June

injury 13 25/26 10/11 112 15/16 12 27120 10 23/24 30

1. Abrasions 1(50) 33(77) 9(82) 8(100) 3(60) 0 (0) 8(100) 6(86) 30(97) 52(100)

2. Contusions 0 (0) 2 (5) 2(18) 0 (0) 0 (0) 0 (0 0 (0 0 (0) 0 (0) 21)

3. Decapitation 0 (0) 1(2) 1 (9) 0 (0) 0 (0) 0 (0 0 (0 4(57) 2 (7) 0 (0)

4. Internal bleeding 1(50) 19(44) 5(46) 5(63) 2(40) 0 (0 0 (0 1(14) 0 (0) 24(46)
of unidentified
source

5. Internal bleeding 0 (0) 0 (0) 1 (9) 0 (0) 0 (0) 0 (0 0 (0) 0 (0) 0 (0) 0 (0)
of spleen

6. Lacerat ions 1(50) 4 (9) 2(18) 2(253 0 (0) 0 (0 0 (0) 0 (0) 1 (3) 0 (0)

7. Eye damage’ 1(50) 7(16) 8(73) 2(25) 0 (0) 0 3(38) 1(14) 1 (3) 0 (0)

8. Tissue soft,pulpy 0 (0) 1(2) 1 (9) 0 (0) 0 (0) 0 (0 0 (0) 3(43) 18(58) 3 (6)

9. Ruptured or 1(50) 0 (0) 4(36) 0 (0) 0 (0) 0 (0 3(38) 0 (0) 0 (0) 1 (2)
inverted gills

10. Damaged operculun 1(50) 2 (5) 3¢27) 0 (0) 0 (0) 0 (0 0 (0) (14 1 (3) 0 (0)

12. Bedy cavity 1(50) 5(12) 1 (9) 0 (0) 0 (0) 0 0 (0) 2?293 1 (3) 0 (0)
rupture

13. Inflated gas 0 (0) 0 (0) 2(18) 3(38) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
bladder

Fish with no injuries,  1(50) 30¢70) 2(18) 3(38) 4(80) 1(100) 5¢63) 4(57) 27(87) 51(98)

minor injuries or

net induced injuries

(#1,2,4,5,8)

Fish with turbine 0 (0) 7 (16) 5(45) 5¢63) 1(20) 0 (0) 3(38) 1(14) 2 (6) 0 (0)

induced injuries

(#6,7,10,13)

Fish with lethal or 1(50) 6(14) 4(36) 0 (0) 0 (0) 0 (0) 0 (0) 2(29) 2 (6) 1(2

soon to be lethal

injuries (#3,9,12)

Total number dead fish 2 43 11 a 5 1 8 7 31 52

Total number fish 2 47 12 10 1 8 7 32 52

Dead fish as a percent 100 92 92 80 7: 100 100 100 97 100

of total fish

Total length (range, mm) 125-136 125-176 125-170 124-150 125-335 288 148-220 124-360 125-360 125-374

‘Eye damage includes hemorrhaging, protrusion or removal.
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Table 13, continued.

Number of dead fish (percent of total)

1992
TYPE of July Aug Aug Aug Sept Sept Oct Oct Nov Dec
injury 21/22 5 12 25/26 10 24/25 5/6 26/27 18/19 8/9
1. Abrasions 40(89) 18(90) 14(100) 43(92) 8(33) 94(93) 24(96) 25(78) 45(87) 45(85)
2. Contusions 5¢11) 10(50) 2(14) 0 (0) 14(58) 20(20) 4(16) 4(13) 1 (2 5 (9)
3. Decapitation 2 (4) 1 (5) 0 (0) 4 (9) 4(17) 7 (7) 3(12) 4(13) 6(12 2 (4)
4. Internal bleeding 6(13) 8(40) 10(71) 18(38) 20(83) 28(28) 8(32) 7(22) 16(31) 14(26)
of unidentified
source
5. Internal bleeding 0 (0) 1 (5) 0 (0) 0 (0) 0 (0) 0 (0) 5¢20) 1 () 0 (0) 1 (2
of spleen
6. Lacerations 0 (0) 1 (5) 1 (7) 2 (4) 2 (8) 1(11) 4¢16) 7(22) 6(12) 8(15)
7. Eye damage' 2 (4) 0 (0) 0 (0) 9(19) 5(21) 12(12) 7(28) 2 (6) 3 (6) 13(25)
8. Tissue soft,pulpy 0 (0) 0 (0) 0 (0) 16(34) 1 (4) 3 0) 7(28) 1 (3) 20(39) 3 (6)
9. Ruptured or 2 (4) 1 (5) 1 (7) 0 (0) 6(25) 5 (5) 0 (0) 0 (0) 0 (0) 0 (0)
inverted gills
10. Damaged operculun 1 (2 0 (0) 0 (0) 0 (0) 0 (0) 5 (5) 1 (4) 2 (6 0 (0) 4 (8)
12. Body cavity 1 (2 0 (0) 0 (0) S¢11) 0 (0) 12(12) 2 (8) 8(25 5¢10) 1 (2)
rupture
13. Inflated gas 1 (2) 0 (0) 0 (0) 12(26) 0 (0) 20(20) 1 (4 8(25) 25(48) 14(26)
bladder
Fish with no injuries, 38(84) 18(90) 13(93) 25(53) 12(50) 47(47) 11(44) 12(38) 17(33) 24(45)
minor injuries or
net induced injuries
(#1,2,4,5,8)
Fish with turbine 2 (4) 0 (0) 0 (0) 17(36) 12(50) 45(45) 10(40) 11(34) 27(52) 26(49)
induced injuries
(#6,7,10,13)
Fish with lethal or 5fll) 2¢(10) 1 (7) 5¢11) 0 (0) 9 (9) 4(16) 9(28) 8(15) 3 (6)
soon to be Lethal
injuries (#3,9,12)
Total number dead fish 45 20 14 47 24 101 25 32 52 53
Total number fish 48 23 14 69 28 107 27 33 57 72
Dead fish as a percent 94 87 100 68 86 94 93 97 91 74
of total fish
Total length (range, mm) 125-136 125-362 125.360 125-368 125-285 125-359 125-372 125-326 125-282 125-363

‘ Eye damage includes hemorrhaging, protrusion or removal.
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Table 13, continued.

Nunber of dead fish (percent of total)

1993

Type of Jan Jan May June June June June Totals’ Totals" Combined

injuries 13/14 27/28 25/26 3/4 11 17/18 24/25 (Dead Fish) (Live Fish) (Live+Dead)

1. Abrasions 9(24) 4(801 41(61) 120(92) 66(87) 81(60) 60(61) 894(82) 86(74) 980(81)

2. Contusions 1 @3 0 (0) 1 (2) 22(17) 4 (5) 5 (4) 1 (D 15011 6 (5) 121(10)

3. Decapitation 0 (0) 1(20 1 (2) 4 (3) 4 (5) 3 (2) 0 (0) 54(5) 0 (0) 54 (4)

4. Internal bleeding 5(13) 2(40 10(15) 76(58) 28(37) 70¢52) 65(66) 446(41) 33(28) 479(40)
of unidentified
source

5. internal bleeding 0 (0) 0 (0) 1 4 (3) 2 (3) 3 (2 0 (0) 20(2) 1 (1) 2 (2)
of spleen

6. Lacerations 0 (0 0 (0) 3 (5) 19(15) 11(15) 13(10) 14(14) 113(10) 1 (1) 114 (9)

7. Eye damage* 8(213 0 (0) 18(27) 37(28) 21(28) 25(19) 24(25) 205(19) 11 (9) 216(18)

8. Tissue soft,pulpy 0 (0) 0 (0) 3 (5) 1 (1) 4 (5) 3 (2) 2 (2 95 (9) 10 (9) 105 (9)

9. Ruptured or 0 (0) 0 (0) 4 (6) 9 (7) 1 (1) 0 (0) 3 @3 38 (3) 2 (2) 40 (3)
inverted qills

10. Damaged operculun 0 (0) 0 (0) 6 (9) 14(11) 5 (7) 5 (4) 6 (6) 63 (6 0 (0) 63 (5)

12. Body cavity 0 (0) 0 (0) 0 (0) 9 (7) 2 (3) 5 (0) 1 (1) 62 (6 0 (0) 62 (5)
rupture

13. Inflated gas 9(24) 2(40) 17(25) 60(46) 39(51) 64(48) 61(62) 336(31) 26(22) 310(26)
bladder

Fish with no injuries, 15(39) 1(20) 36(54) 31(24) 19(25) 52(39) 18(18) 502(46) 80(69) 582(48)

minor injuries or

net induced injuries

(#1,2,4,5,8)

Fish with turbine 22(58) 3(60) 26(39) 79(60) 51(67) 74(55) 77(79) 465(43) 34(29) 4W(41)

induced injuries

(#6,7,10,13)

Fish with lethal or 1 (3 1(20) 5 (7) 21(16) 6 (8) 8 () 3 (3) 125(11) 2 (2) 127(11)

soon to be lethal

injuries (#3,5,12)

Total number dead fish 38 5 67 131 76 134 98 1092 (Live)116

Total number fish 38 6 67 150 76 142 111 1208 1208 1208

Dead fish as a percent 100 83 100 87 100 94 88 90 (% Live)10

of total fish

Total length (rangemnm) 125-168 125-255 132-305 130-351 136-295 125-335 125-300 124-372 125-393 124-393

! Eye damage includes hemorrhaging, protrusion or removal.
"Data from January 13/14, 1993 excluded from "totals" column because many live fish were not measured during this sample period.
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Table 14. A description of the types of injuries sustained by yearling
Kam oops rainbow trout (TL 162-240 mm) placed in draft tube nets
for varying anopunts of time.

Nunber of fish (percent of total)

Type of
injury 3.9 hours 6.0 hours 11.45 hours
1. Abrasions 14 (93) | O(100) 15(100)
2. Contusions 0 (0 0 (0 0 (0
3. Decapitation 0 (0 0 (0 0 (0
4. Internal henorrhage of
unidentified source
a. Spots of blood--not |[ethal 3 (20) 4 (40) 1 (7
b. Blood covers I[/4 to |/2 body 0 (0 1 (10) 0 (0
cavity--may be | ethal
c. Blood covers |/2 or more 0 (0 0 (0) 11 (73)
of body cavity--probably |Iethal

5. Henorrhage of lower intestine

a. Probably not |ethal 2 (13) 1 (10) 12 (80)

b. Probably |ethal 0 (0 0 (0 0 (0
6. Lacerations

a. Barely breaks flesh--not |ethal 0 (0 0 (0) 0 (0)

b. Deeper, night be |ethal 0 (0) 0 (0) 0 (0

c. Deep, probably |ethal 0 (0) 0 (0 0 (0
7. Eye danmge

a. Henorrhage 1 (7 0 (0) 0 (0

b. Protrusion 0 (0 0 (0) 0 (0

c. One eye mssing 0 (0 0 (0) 0 (0

d. Two eyes nmissing 0 (0 0 (0) 0 (0

e. One eye crushed 0 (0 0 (0 0 (0

f. Two eyes crushed 0 (0 0 (0) 0 (0
8. Tissues soft, pulpy 0 (0 4 (40) 9 (60)
9. Henorrhaged gills 0 (0 0 (0 0 (0
10. Torn gill arch(es) 0 (0) 0 (0) 0 (0
11. Damaged opercul um

a. torn or less than |I/2 m ssing 0 (0 0 (0) 0 (0

b. more than |/2 m ssing 0 (0) 0 (0) 0 (0
12. Body cavity rupture

a. Hole tiny, probably not |ethal 0 (0 0 (0) 0 (0

b. Hole large, organs exposed 0 (0 0 (0) 0 (0
13. Inflated swi m bladder 0 (0 1 (10) 0 (0
Total nunmber of fish 15 10 15

44



Table 15. A description of the types of injuries sustained
by age class I+ and 2+ kokanee (TL 140-307 m)
captured in the tailrace of Libby Dam on June 4,

1993.
Type of Nunber Per cent
injury of fish of total
1. Abrasions 15 40
2. Cont usi ons 0 0
3. Decapitation 4 11
4. Internal bleeding of 17 45
unidentified source
5. Internal Dbl eeding 1 3
of spleen
6. Lacerations 7 18
7. Eye damage?® 13 34
8. Tissue soft, pulpy 2 5
9. Ruptured or 0 0
inverted gills
10. Danmmged opercul um 1 3
12. Body cavity rupture 2 5
13. Inflated gas bl adder 28 74
Fish with no injuries, 3 8

m nor injuries or
net -induced injuries
(#1,2,4,5 or 8

Fish with turbine- 29 76
i nduced injuries
(#6,7,10 or 13)

Fish with lethal or 16
soon to be | ethal

injuries

(#3,9 or 12)

Total nunber of fish 38

a Eye damage includes henorrhaging, protrusion or renoval.
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“"lethal or soon to be lethal injuries" (decapitation, ruptured or
inverted gills, body cavity rupture) were found in 11% of exam ned
fish. Fish with "turbine-induced injuries" (lacerations, eye
damage, damaged operculum inflated swim bl adder) represented 41%
of the fish. W could not confidently determne if the "turbine-

induced injuries" were |life-threatening because the injury
categories included injuries with a wide range of severity. Eye
damage, for exanmple, included a fish with a slight henorrhage in

one eye as well as a fish with two eyes mssing. Al the remaining
fish (48% of total) were placed in the "no injuries, mnor injuries
or net-induced injuries" group, which included abrasions, internal
bl eeding, soft and pul py tissue injuries and contusions.

Al t hough the 1992-1993 sanpling allowed us to establish a
mnimum nortality rate (11% resulting from turbine passage, we
felt that a refinement of the injury classification would provide
for a nore accurate determ nation of the effects of turbines on the
fish. In 1994, we expanded the nunber of types of injuries from 13
to 25. W then examined 405 fish captured in draft-tube nets
between May 16 and June 30, 1994 (Table 16). Abrasions were again
the nost common injury (99% of total), followed in decreasing order
of occurrence by internal henorrhage of,unidentified source (56%
divided in three categories), inflated swim bladder (47%,
henorrhage of specific organ (38% divided into two categories, and
typically referred to ki dneﬁ, spleen or intestine), eye damage (30%
in six categories), henorrhaged gills (26%, lacerations (18% in
three categories), soft and pulpy tissues (18%, body cavity
rupture (13% in two categories), torn gill arch(es) (8%, damaged
operculum (4% in two categories), decapitation (4%, and contusions
(29 . Al fish were placed into one of four mutually-exclusive
cat egori es. Fish with "lethal or soon-to-be-lethal™ injuries
(i ncluding decapitation, deep l|acerations, two eyes mssing, two
eyes crushed, torn gill arch(es), or large body cavity rupture)
represented 21% of the total. Fish with "major/possibly |ethal
turbi ne-i nduced injuries" represented 28% of the total, and
included the following injuries: intermediate depth |acerations,
one eye missing, one eye crushed, henorrhaged gills, nore than |/2
operculum mssing, or tiny body cavity rupture. Fish with
“m nor/ non-| et hal t ur bi ne-i nduced injuries"” sustained m nor
| acerations, henorrhaged eye(s), protruding eye(s), less than /2
opercul um missing, or inflated swim bladder, and represented 32% of
the fish. The remainder of the fish were placed in the "net-
i nduced injuries" category and represented 19% of the fish. As in
1992 and 1993, nmany of these injuries may have been .cau‘sed‘bﬁ
passage through the turbines, but we have no way to distinguis
them from net-induced injuries.

Based on the 1994 sanpling, the mninmmestimate of nortality
(21% conpares favorably with rates presented by Wnchell et al.
(1992) for other damns. They found an average nortality of 18.2%
for sal nonids going through Francis turbines Ebased on work at four
separate dans). For all fish species i ncl udi ng sal noni ds,

46



Table 16. A description of the types of injuries sustained by age class 1 and 2 kokanee (TL >124mm)
captured in draft-t&e nets during 1994.

Number of fish (Percent of total)

Type of May 16/17 May 25/26
injury Live Dead Live Dead
1. Abrasions 5(100) 43(¢100) 1(100) 42(100)
2. Contusions 0 (0) 0 (0) 0 (0) 0 (0)
3. Decapitation 0 (0 1 (2 0 (0) 0 (0
4. Internal hemorrhage of
unidentified source
a. Spots of blood--not lethal 2 (40) 12 (28) 0 (0) 6 (14)
b. Blood covers 1/4 to /2 body 1 (20) 15 (35) 0 (0 6 (14)
cavity--msy be lethal
c. Blood covers I/2 or more of 0 (0) 6 (14) 0 (0) 8 (19)
body cavity--probably lethal
5. Hemorrhage of specific organs
a. Probably not lethal 0 (0) 1 (2 0 (0) I %)
b. Probably lethal 0 (0) 0 (0) 0 (0) 0 (0)
6. Lacerations
a. Barely breaks flesh--not lethal 0 (0) 0 (0) 0 (0) 0 (0)
b. Deeper, might be lethal 0 (0) 0 (0 0 (0) 2 (5
c. Deep, probably lethal 0 (0 0 (0 0 (0) 5 (12)
7. Eye damage
a. Hemorrhage 0 (0) 13 (30) 0 (0) 1 (2
b. Protrusion 0 (0) 0 (0) 0 (0) 1 (2
c. Dne eye missing 0 (0) 1 (2) 0 (0) 4 (10)
d. Two eyes missing 0o (0 1 (2 0 (0) 2 (5
e. One eye crushed 0 (0) 0 (0) 0 (0) 1 EZ)
f. Two eyes crushed 0 (0 0 (0) 0 (0 0 (0)
8. Tissues soft, pulpy 0 (0) 0 (0 0 (0 0 (0
9. Hemorrhaged gills 4 (80) 9 (21) 1¢100) 12 (29)
10. Torn gill arch(es) D (0) 0 (0) 0 (0) 3 (7
11. Damaged operculum
a. Torn or less than /2 missing 0 (0 2 (5 0 (0) 0 (0)
b. more than 1/2 missing 0 (0) 2 (5 0 (0) 0 (0
12. Body cavity rupture
a. Bole tiny, probably not lethal 0 (0) 1 (2 0 (0) 0 (0
b. Hole large, organs exposed 0 (0 2 (5 0 (0) 4 (10)
13. Inflated swim bladder 0 (0) 19 (44) 0 (0) 22 (52)
Net induced injuries I )] 11 (26) 0 (0) 6 (14)
# 1,2,4a,4b,4c,Sa,Sh,8)
Minor/non-lethal turbine induced 0 (0) 18 (42) 0 (0) 18 (43)
injuries (# 6a,7a,7b,lla,13)
Major/possibly lethal turbine 4 (80) 12 (28) 1(100) 10 (24)
induced injuries
(# 6b,7c,7e,9,11b,12a)
Lethal or soon to be lethal D (0) 2 (5 0 (0) 8 (19)
turbine induced injuries
# 3,6¢,7d,7f,10,12b)
Total number of fish 5 43 1 42
Total Length (range, mm) 206-228 183-245 217 152-253
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Table 16, continued.

Number of fish (Percent of total)

'_I'ype of June 1/2 June 8/9
injury Live Dead Live Dead
1. Abrasions 131100) 85 (98) 2(100) 48 (96)
2. Contusions 0 (0) LY 0 (0) 4 (8)
3. Decapitation 0 (0 3 (3 0 (0) 1 (2
4. Internal hemorrhage of
unidentified source
a. Spots of blood--not lethal 1 (8) 16 (18) 0 (0) 10 (20)
b. Blood covers 1/4 to 1/2 body 1 (8) 28 (32) 0 (0) 8 (16)
cavity--may be lethal
c. Blood covers 1/2 or more of 0 (0 13 (15) 0 (0 5 (10)
body cavity--probably lethal
5. Hemorrhage of specific organs
a. Probably not lethal 2 (15) 51 (59) 0 (0 15 (30)
b. Probably lethal 0 (0) 8 (9) D (0) 3 (6)
6. Lacerations
a. Barely breaks flesh--not lethal 0 (0 3 3 1 (50) 0 (0)
b. Deeper, might be lethal 0 (0) 2 (2 0 (0) 1 52)
c. Deep, probably lethal 0 (0 17 (20) 0 (0) 10 (20)
7. Eye damage
a. Hemorrhage 2 (15) 13 (15) 2¢100) 2 (4
b. Protrusion 1 (8 0 (0) 0 (0 0 (0
c. One eye missing 0 (0) 6 (7) 0 (0) 2 4
d. Two eyes missing 0 (0) 3 (3 0 (0) 3 (6)
e. One eye crushed 0 (0 4 (5) 0 (0) 5 (10)
f. Two eyes crushed 0 (0 1 @ 0 (0) 0 (0)
8. Tissues soft, pulpy 1 (8) 36 (41) 0 (0) 7 (14)
9. Hemorrhaged gills 7 (54) 41 (47) 1 (50) 2 4
10. Torn gill arch(es) 1 (8) 10 (11) 0 (0) 5 (10)
11. Damaged operculum
a. Torn or less than 1/2 missing 0 (0 3 3 0 (0 4 (8)
b. more than /2 missing 0 (0 0 (0) 0 (O 0 (0)
12. Body cavity rupture
a. Hole tiny, probably not lethal 0 (0 1 Q) 0 (0 0 (0)
b. Hole large, organs exposed 0 (0) 19 (22) 0 (0) 4 (8)
13. Inflated swim bladder 4 (31) 52 (60) 1 (50) 20 (40)
Net induced injuries 5 (38) 5 (6) 0 (0 15 (30)
(# 1,2,4a,4b,4c,52,5b,8)
Minor/non-lethal turbine induced 3 (23) 23 (26) 1 (50) 17 (34)
injuries (# 6a,7a,7b,lla,13)
Major/possibly lethal turbine 4 (31) 36 (41) 1 (50) 6 (12)
induced injuries
(# 6b,7c,7e,9,11b,12a)
Lethal or soon to be lethal 1 (8) 23 (26) 0 (0) 12 (24)
turbine induced injuries
# 3,6¢,7d,7f,10,12b)
Total number of fish 13 87 2 50
Total length (range, mm) 210-251 145-241 205-230 155-242
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Table 16, continued.

Number of fish (Percent of total)

Type of June 15/16 June 22/23
injury Live Dead Live Dead
1. Abrasions 6¢100) 59(100) 3(100) 49(100)
2. Contusions 0 (0) 1 (2 0 (0) 1 (2
3. Decapitation 0 (0) 3 (5 0 (0) 4 (8)
4. Internal hemorrhage of
unidentified source
a. Spots of blood--not lethal 0 (0) 12 (20) 0 (0) 9 (18)
b. Blood covers /4 to 1/2 body 3 (50) 5 (8) 0 (0) 6 (12)
cavity--my be lethal
c. Blood covers 1/2 or more of 0 (0) 16 (27) 0 (0) 15 (31)
body cavity--probably lethal
5. Hemorrhage of specific organs
a. Probably not lethal 2 (33) 22 (37) 1 (33) 18 (37)
b. Probably lethal 0 (0) 5 (8) 0 (0) 14 (29)
6. Lacerations
a. Barely breaks flesh--not lethal 0 (0) 2 (3 0 (0) 0 (0)
b. Deeper, might be lethal 0 (0) 1 (2 0 (0) 3 (6)
c. Deep, probably lethal 0 (0) 11 (19) 0 (0 11 (22)
7. Eye damage
a. Hemorrhz_age 0 (0) 7 (12) 1 (33) 5 (10)
b. Protrusion 0 (0) 0 (0) 0 (0) 1 (2
c. One eye missing 0 (0) 6 (10) 0 (0) 4 (8)
d. Two eyes missing 0 (0) 1 @ 0 (0) 3 (6)
e. One eye crushed 0 (0) 3 (5 0 (0) 3 (6)
f. Two eyes crushed 0 (0) 0 (0) 0 (0) 0 (0)
8. Tissues soft, pulpy 0 (0) 2 3 0 (0) 23 (47)
9. Hemorrhaged gills 0 (0 4 (7) 1 (33) 21 (43)
10. Torn gill arch(es) 0 (O 4 (7) 0 (0) 6 (12)
11. Damaged operculum
a. Torn or less than I/2 missing 0 (0) 1 (2 D (0) 2 4
b. more than /2 missing 0 (0) 3 (5 0 (0) 1 (2
12. Body cavity rupture
a. Hole tiny, probably not lethal 0 (0) 1 (2 0 (0 2 (4
b. Hole large, organs exposed 0 (0) 9 (15) 0 (0 6 (12)
13. Inflated swim bladder 4 (67) 23 (39) 2 (67) 28 (57)
Net induced injuries 2 (33) 16 (27) 1 (33) 1 (2
# 1,2,4a,4b,4c,5a,5b,8)
Minor/non-lethal turbine induced 4 (67) 21 (36) 1 (33) 11 (22)
injuries (# 6a,7a,7b,lla,13)
Major/possibly lethal turbine 0 (0) 9 (15) 1 (33) 21 (43)
induced injuries
(# 6b,7c,7e,9,11b,12a)
Lethal or soon to be lethal 0 (0) 13 (22) 0 (0) 16 (33)
turbine induced injuries
# 3,6¢,7d,7f,10,12b)
Total number of fish 6 59 3 49
Total length (range, mm) 221-240 159-246 230-232 170-268
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Table 16, continued.

Number of fish (Percent of total)

Ueighted
Type of June 29/30 Total Total Combined
injury Live Dead Live Dead Totalwd
1. Abrasions 14(100) 311100) 44(100) 357 (99) 99
2. Contusions 0 (0 0 (0 0 (0) 7 (2) 2
3. Decapitation 0 (0) I ) 0 (0) 13 4 4
4. Internal hemorrhage of
unidentified source
a. Spots of blood--not lethal 1 (7 9 (29) 4 (9) 74 (20) 19
b. Blood covers /4 to 1/2 body 1 (7) 4 (13) 6 (14) 72 (20) 20
cavity--may be lethal
c. Blood covers 1/2 or more of 0 (0) 2 (6) 0 (0) 65 (18) 17
body cavity--probably lethal
5. Hemorrhage of specific organs
a. Probably not lethal 0 (O 5 (16) 5 (11) 113 (31) 30
b. Probably lethal 0 (0) 0 (0 0 (0) 30 (8) 8
6. Lacerations
a. Barely breaks flesh--not lethal 0 (0) 0 (0) 1 (2 5 (O 1
b. Deeper, might be lethal 0 (0) 0 (0) 0 (0) 9 (2 2
c. Deep, probably lethal 0 (0) 3 (10) 0 (0) 57 (16) 15
7. Eye damage
a. Hemorrhage 1 (7 2 (©) 12 (27) 43 (12) 13
b. Protrusion 0 (0) 0 (0) 1 12) 2 (v 1
c. One eye missing 0 (0) 3 (10) 0 (0 26 (7) 7
d. Two eyes missing 0 (0 I ) 0 (0) 14 (4) 4
e. One eye crushed 0o (0 0 (0 0 (0) 16 4 4
f. Two eyes crushed 0 (0) 0 (0 0 (0) 3 (1) 1
8. Tissues soft, pulpy 0 (0) 0 (0) 1 (2 68 (19) 18
9. Hemorrhaged gills 1 (@ 5 (16) 12 (27) 94 (26) 26
10. Torn gill arch(es) 0 (0) 0 (0) 1 (2) 28 (8) 8
11. Damaged operculum
a. Torn or less than 1/2 missing 0 (0) I ) 13 (30) 0 (0 2
b. more than 1/2 missing 0 (0) I )] 0 (0) 7 (2 2
12. Body cavity rupture
a. Hole tiny, probably notlethal 0 (0 0 (0 0 (0 5 (1) 1
b. Hole large, organs exposed 0 (0) 2 (6) 0 (0) 46 (13) 12
13. Inflated swim bladder 3 (21) 11 (35) 14 (32) 175 (48) 47
Net induced injuries 9 (64) 10 (32) 18 (41) 64 (18) 19
# 1,2,4a,4b,4c,5a,5b,8)
Minor/non-Lethal turbine induced 4 (29) 9 (29) 13 (30) 117 (32) 32
injuries (# 6a,7a,7b,lla,13)
Major/possibly lethal turbine 1 @ 8 (26) 12 (27) 102 (28) 28
induced injuries
(# 6b,7c,7e,9,11b,l2a)
Lethal or soon to be lethal 0 (0) 4 (13) 1 (2 78 (22) 21
turbine induced injuries
# 3,6c,7d,7f,10,12b)
Total number of fish 14 31 44 361
Total length (range, mm) 155-239 170-242 155-251 145-268

Only a representative sample of netted fish were inspected for injuries and summrized in this table.
To determine injury rates for all fish, the following calculation was done for the weighted combined
total column: (total dead kokanee in nets x % dead kokanee measured with specified injury(ies) + total
live kokanee in nets x % live kokanee measured with specified injury(ies))/total live and dead kokanee
in nets.
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cl upei ds, centrarchids, per ci ds, esoci ds, cyprinids and
ictalurids), average nortality was 20.7% (37 dans).

The cause of injuries that we interpreted to be "turbine-

i nduced"” is poorly understood. Eicher et al. (1987) summarized
turbine-nortality studies, and found that investigators in this
field characterized injuries as being of three sources: nechani cal

(causing contusions, |acerations, skeletal fractures, scraped or
cracked head, severed bodies, internai henorrhaging, protruding or
m ssing eyes), pressure (ruptured swim bladder, popped eyes,

internal henorrhaging) or shear (popped eyes, severing and
decapitation, torn gill opercula). Mich of this is speculation, as
no one has actually observed injuries occurring in the turbine
chanber. Regardless, nechanical injuries are thought to occur when
the fish cones in contact wth hard objects such as stay vanes,

wi cket gates or turbine blades. Water shear injuries result from
conditions in turbines where water noves in different velocities or
directions, creating a shear plane. Pressure injuries are assuned
to occur as a result of the sudden drop in pressure as water

crosses the face of the turbine buckets. Anot her cause of
pressure-related effects may be cavitation, where sub-atnospheric
pressure pockets of air form under turbine buckets and subsequently
i mpl ode when the pockets are carried away from the turbine blades
i nto above- at nospheric pressure areas. These inplosions are enough
to renove steel from the turbine blades and presunmably can cause
injuries or kill fish.

Much work has gone toward relating fish nortality rates to
conditions associated wth turbine operation. Ei cher et al.
(1987), Wnchell et al. (1992) and Bell (1981) provided summaries
of much of this work. Conditions relevant to the Francis turbines
operated at Libby Dam are discussed bel ow

Ei cher et. al. (1987) found a very strong relationship between
peri pheral runner velocity and fish nortality for Francis turbines
(r=0.73, P<O A, N=22). At Libby, peripheral runner velocity is
32.5 nmiset toward the higher end of velocities used by Eicher et
al. (1987) in their regression analysis. Qher Francis units wth
velocities simlar to Libby had nortalities in the 30-50% range.
Unfortunately, runner velocity cannot be nani pul ated during nornal
dam operations, as it is tied to rate of revolution of the turbine,
whi ch nust remai n unchanged.

Changes in the operation of w cket gates have been linked to
fish nortality (Ei cher et al. 1987, Bell 1990). These gates are
used to regulate the anmpbunt of water entering the turbine. At
Li bby Dam |ow gate aperture is probably nore likely to cause fish

injuries and nortalities than is high gate aperture. Low gate
apertures are believed to cause nortalities because of the narrow
cl earances between the adjacent wcket gates (Wnchell et al.
1992). In addition, as w cket gate aperture is decreased, the angle

at which water is directed against the turbine blades decreases
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away from the perpendicular. This is presunmed to increase the
chances of a fish striking the turbine blades and being injured or
killed (Von Raben 1957 as cited in Cada 1990; Bell 1990). Hi gh
gate settings nay cause fish nortalities due to the-low cl earances
between the trailing edge of the w cket gates and the outer edge of
t he turbine buckets. If the opening between the gates and buckets
becomes smal | enough, fish can be squeezed or crushed as they pass
into the turbines (Ei cher et al. 1987). This is probably not a
probl em at Libby Dam as the mninum size of this opening is about
17 ¢cm (6.6 in) --greater than the thickness of virtually all fish in
the reservoir. Gate aperture ranged from 64-82% during the course
of the study, which represents the range for typical operation of
the dam (Table 17). No statistically significant correlations were
found between w cket gate opening and incidence of different types
of injuries (Table 18).

Unit efficiency (percent of power developed versus the
t heoretical anmount) has al so been related to fish nortality (Cramer
and digher, 1961b; Eicher et al. 1987). Maxi mum unit efficiency
at Libby Dam is about 93% and is achieved with a particular
hydraul i c head and discharge (U S. Arny Corps of Engineers 1984).
In this study, wunit efficiency remained virtually unchanged and

near its maxinum the entire time (Table 17). It was therefore
assuned that unit efficiency was not a factor affecting nortalities
or injuries in this study. However, efficiencies between 80 and

90% are possible at Libby Dam even when operating within the
official generator output limts (data obtained from B. Chadw ck,

ACOE). Turbine efficiency values |ower than 90% are not likely to
develop at Libby Dam when turbine discharge is over 127.5 cns
(4,500 cfs). At 113.4 cns (4,000 cfs) however, efficiency wll

drop bel ow 90% when head drops bel ow about 70 m (230 ft, about 110
ft below full pool). Efficiency drops to 85% when head drops to 61
m (200 ft, about 140 ft below full pool). At a discharge of 85 cns
(3,000 cfs) efficiency is below 90% for any head el evati on. \Wen
head is greater than 64 m (210 ft, about 130 ft below full pool),

efficiency ranges from 86-89% Below a head of 64 m efficiency
drops bel ow 85% The effect of low unit efficiencies on fish
nortalities at Libby Dam is not known. However, tests at the
Cushman No. 2 plant in Washington (Cranmer and O igher 1961b) showed
that survival of steelhead trout and coho salnon was positively
correlated with efficiency. Coho sal nmon survival increased from
32% to 74% as efficiency increased from 80 to 91% It should be
noted that w cket gate opening was nodified in Cushman test in
order to alter efficiency, and could have been a factor
contributing to changes in survival.

Craner and A igher (196la) observed decreased fish nortalities
as tailwater elevation was increased relative to turbine runner

el evati on. This was presumably due to changes that occur in the
pressure differential between penstock and turbine chanber, as well
as the anount of cavitation that devel ops. As the tailwater

el evation drops below the turbine runner elevation, the |ikelihood
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Table 17. I ncidence of types of injuries and their relationship to dam operation.

Percent of dead fish with the following injuries:

Tur bi ne
Decapi tati on, el evation W cket
| acerations Maj or I nflated Uni t m nus gate
Decapi - or body and m nor SW m Hydraulic efficiency tailwater openi ng

Dat e tation cavity rupture iniuries' bl adder head (n (% el evation (n (A
2- 25/ 26- 92 2 14 30 0 74.8 91 0.06 76
3-10/11-92 9 18 81 18 74.5 91 0.06 76
6-23/24-92 7 6 12 0 92.2 92 0.06 65
6-30-92 0 0 2 0 93.5 92 0.06 65
7-21/22-92 4 7 15 2 97.0 92 0.06 64
8-5-92 5 10 10 0 97.3 92 -0.79 64
8-12-92 0 7 7 0 97 ‘' 0 92 -1.04 64
8-25/26-92 9 13 47 26 96.5 92 -0.46 64
g-10-92 17 25 50 0 94.3 92 -1.89 65
9-24/25-92 7 23 54 20 91.3 92 -1.62 66
10-5/6-92 12 28 56 4 90.8 92 -0.73 66
10-26/27-92 13 34 62 25 88.2 92 -0.40 67
11-18/19-92 12 21 67 48 82.7 92 -1.68 67
12-8/9-92 4 19 55 26 76.9 91 -1.62 76
1-13/14-93 0 3 61 24 69.2 90 -1.62 82
5-25/26-93 2 6 46 25 79.2 92 0.03 73
6-3/4-93 3 21 76 46 82.6 92 0.06 67
6-11-93 5 18 75 51 83.8 92 -1.43 70
6-17/18-93 2 15 61 48 85.6 92 -0.24 70
6-24/25-93 o} 15 82 62 87.9 92 0.06 67
5-16/17-94 2 7 75 44 86.9 92 -0.52 67
5-25/26-94 0 19 86 52 88.6 92 -0.91 67
6-1/2-94 3 28 93 60 90.1 92 -1.37 67
6-8/9-94 2 24 70 40 91.3 92 -1.46 68
6-15/16-94 5 27 73 39 92.5 92 -1.37 67
6-22/23-94 8 31 98 57 93.2 92 -1.46 65
6-29/30-94 3 13 68 35 94.5 92 -1.25 65

"Includes injuries #3,6,7,9,10 and 12 as denoted in Table 13
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Table 18. Correlation analysis of dam operation variables vs.

injury rates.

| ndependent Dependent
Vari abl e Vari abl e N r P
W cket gate opening Decapitation rate 27 -0. 2382 0. 232
Maj or injury rate 27 -0. 1554 0. 439
(decapi tation,
| acerations, body
cavity rupture)
Maj or & mnor injuries” 27 0.1914 0. 339
Head Inflated swi m bl adder 27 -0.1594 0. 427
Decapi tation 27 0. 1668 0. 406
Maj or injuries 27 0. 0857 0.671
Maj or & minor injuries 27 -0. 2953 0.135
Tur bi ne el evati on- Inflated swi m bl adder 27 -0. 2315 0. 245

tail water el evation

“"Major and mnor injuries as described in Table 13.
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t hat sub-at nospheric conditions can occur under the turbine blades

will increase. In this study, the turbine/tailwater elevation
difference ranged from6.1 cmto -1.89 m resulting from discharges
ranging from 113.4 to 793.5 cnms (4,000 to 28,000 cfs). The

incidence of inflated swm bladders is a pressure-related injury
that m ght be expected to result from changes in tailwater/turbine
el evati ons. In this study, no significant relationship was found
bet ween these two variables (Table 18). However, several factors
may have precluded us from accurately neasuring the incidence of

inflated sw mbladders. Qur own assessnent of what constituted an
inflated swim bl adder was subjective, and was probably eval uated
sonewhat differently by individual field personnel. Al so, sone of

the fish we handl ed may have experienced so nmuch deconpressi on that

their swi m bl adders expanded to the point of rupture. Jones (1951)

denonstrated this in the |aboratory when he found that pressure
reductions of 60% of the acclimted level could burst the swim
bl adders of 10 cm perch (Perca fluviatilis) . In this study,

however, we did not distinguish between a burst swi m bl adder and
one that had sinply not expanded.

Cada  (1990) noted that the nagnitude of deconpression
experienced by a fish passing through a turbine would be |less for
a fish acclimated to shallow water than for a fish acclimted to
deep wat er. However, the nagnitude of deconpression would be the
sane for all fish if they were able to adjust to the changing
pressure as they approached and were drawn into the penstocks. A
physost onous fish, such as kokanee, is nore likely to be able to
adjust the contents of its swim bladder in this manner than is a
physoclistis fish (such as yellow perch).

The magni tude of deconpression for fish in the Libby forebay
i's not known. If fish are able to adjust the volunme of their swim
bl adder prior to entering the penstocks, then neasurenents of
hydraulic head should be a good indicator of the nmagnitude of
deconpression. During the course of normal dam operations, naxinmm
deconpression would occur when the reservoir is at full pool
(hydraulic head of 104 m, which typically occurs during late
sunmer and fall. M ni mum deconpression would occur when the
reservoir is at its |lowest level (hydraulic head of 60-80 m, which
normally occurs during late wnter. In this study, head ranged
from69.2-97.3 m but no significant relationship was found between
it and various types of injuries (Table 18). Eicher et al. (1987)
found a strong correlation between head and nortality when
conparing nmany sites. However, they felt that peripheral runner
velocity, which was also strongly correlated with both nortality
and head, was the truly inportant variable in determning
nortality.
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Penst ock Sonar

A total of 821 hours of sonar chart recordings were nade
during 37 sessions between Decenber 4, 1990 and August 4, 1992
(Appendi x E). Sonar traces were divided into debris and non-debris
targets, based on characteristics of the targets described in the
Met hods and Materi al s. Periods of heavy debris were encountered
fromMay 6 to July 2, 1991 and April 29 to June 9, 1992 (Appendi x
E - Excluding the periods where debris contanmination was
suspected, the total nunber of targets detected during recording
sessions ranged from 7 to 44. The one exception to this was
February 28, 1991 when 213 targets were detected, 179 of them
during a four hour period extending fromone hour before sunrise to
three hours after sunrise (Appendix E).

Twenty-four recordi ng sessions were deened suitable for use in

describing diel entrainnment rates. Results show a distinct
tendency for nost of the fish to be entrained at night (Table 19,
Figure 11). Al hourly intervals between sunrise and sunset had

medi an entrai nment rates of 0% of the daily rate. The seven hour
period extending frommdday -1 to sunset -1 was especially low, in
that five of the seven intervals had no targets detected 95% of the
tinme. Entrai nnent increased imediately after sunset and reached
a peak at 144% of the daily rate in the mdnight -3 interval.

Rates dropped for the next two hours, but then showed sustained
high levels from mdnight until sunrise. The peak interval was from
one to two hours before sunrise, where the rate was 149% of daily
rate and the 95% confidence intervals were 61-319.

In order to detect differences in entrainnment between [ight
and dark hours, the hourly intervals were grouped into two
categories: diurnal (sunrise + to sunset -1) and nocturnal (sunset

+1 to sunrise -1). Noct urnal entrainnent averaged 161% of daily
rate, while diurnal entrainment average only 45% (Table 20). This
sane trend was seen for winter, summer and fall, wth sumrer having

the greatest difference between the two categories (222 to 49% and
fall the least difference (127% to 46%.

Thirteen chart-recordi ng sessions were deened suitable for the
calculation of entrainnment rates by way of conputer sinmnulation.
The nunber of detected targets ranged froma |low of three on Apri
-2, 1992 to a high of 44 on January 18-19, 1992 (Table 21)
Scalars fromthe conputer sinulation ranged from 19.2 to 67.1; the
w de range due to variability in the maxi mum effective sonar range
and the size of fish. Based on conputer sinulations, the estinated
nunber of targets through the entire penstock for the two dates
nmenti oned above was 70 and 1,366, respectively. The hi ghest
calculated rate of entrainment was 1.535 targets/10* m® between
2400- 0800 hrs on April 2, 1991. This rate is quite |ow conpared to
rates estimated for sone periods of draft-tube netting (Table 10).
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Table 19. Hourly rates of entrainnment as determ ned by penstock
sonar. Hourly rates are expressed as a percentage of
daily rates.

Medi an 95% confi dence

Hourly percentage of intervals
interval? N® daily rate' for median®
------------------- MIDNIGHT----------=-=--=-—-—~---“~--=---~--~—~—~--
M dni ght +l 22 127 0 - 231
M dni ght +2 24 112 0 - 205
M dni ght +3 19 92 0 - 185
Sunrise -3 15 149 0 - 357
Sunrise -2 20 149 61 - 319
Sunrise -1 21 111 0 - 190
------------------- SUNRISE------~---=-=c-c--c--coccmmo— o
Sunrise +l 23 0 0 - 188
Sunrise +2 22 0 0 - 125
Sunrise +3 14 0 0 - 82
M dday -3 14 0 0 - 147
M dday -2 19 0 0 - 61
M dday -1 20 0 0-0
------------------ “MIDDAY---------=--s- - - oo — -
M dday +l 20 0 0 - 76
M dday +2 20 0 0-0
M dday +3 13 0 0-0
Sunset -3 11 0 0-0

Sunset -2 21 0 0 - 50
Sunset -1 22 0 0-0
------------------ ~SUNSET-----~--~-----=-c----c----m—mmmm— o~
Sunset +l 24 30 0 - 122

Sunset +2 24 100 0 - 245

Sunset +3 18 90 0 - 222

M dni ght -3 17 144 46 - 309

M dni ght -2 20 54 0 - 181

M dnight -1 22 59 0O - 188
------------------- MIDNIGHT~--~--=--~--~--~------—-----~-~-~~--~
"Hourly intervals are in relation to sunrise, m dday,

sunset and midnight. Exanple: Mdnight + = one hour tine

interval beginning at m dnight.

' Each sanple consisted of one chart recording session. Chart

recordings were used for this analysis if they were free of
debris and if there were nore than 5 targets for the entire
sessi on.

"Hourly rates calculated as the nunber of targets per mnute;
daily rates are the nunber of targets per mnute for entire
chart recording session (usually about 24 hours). _

4 Confidence limts are non-parametric tolerance linmits (Dixon
and Massey 1983).
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Figure 11. Hourly entrainment rates of fish through the penstock of unit 3. Hourly rates
are expressed as a percentage of daily rate. Vertical bars represent 95%
confidence intervals; short horizontal |ines represent median val ues.
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Tabl e 20. Seasonal differences in diurnal and nocturnal
rates of entrainnent. Season definitions are
the sane as in Table 5.

Peri od Rate/

Season N Peri od" Daily Rate (nean + S.D.)
W nt er 13 Noct ur nal 1.63 + 0.71
13 Di ur nal 0.34 + 0.39
Sumrer 4 Noct ur nal 2.22 + 0.61
4 Di ur nal 0.49 + 0.27
Fal | 6 Noct ur nal 1.27 + 0.29
6 Di ur nal 0.46 + 0.33
Al | 24 Noct ur nal 1.61 + 0.67
24 Di ur nal 0.45 + 0.41

"Nocturnal period includes hourly intervals from sunset
+l to sunrise -1; diurnal period includes hourly
intervals from sunrise + to sunset -1.
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Tabl e 21. Penstock sonar operating conditions, nunber of detected targets, and estinmated entrainnment rates,
April 1, 1991 to April 16, 1992.

Estimated entrainnment

Maxi mum rate (no./10* m?)®
M nut es effective Nunber Esti mat ed
of sonar targets t ot al Entire 1600- 2400-
Dat e Ti ne cover age range (n det ect ed targets” Peri od 2400 hr 0800 hr
4-1/2-9 1745- 1540 1,204 15.5 37 705 0.879 1.115 1.535
4- ICYII 1100- 1149 1, 323 15.5 27 434 0.494 1.217 0. 448
4-22/ 23- 91 1932- 1829 1,244 15.5 34 682 0. 826 0.494 1. 066
8-1/2-91 1145-1225 1,456 8.5 28 1, 381 1.161 0. 656 1. 507
8-16/17-91 2400- 0400 1, 665 8.5 30 936 0.702 0.568 1. 030
-14/15-91 1509- 2204 1, 697 8.5 30 1,141 0.720 0.769 1.108
-18/19-92 1205- 0829 1,216 8.5 44 1, 366 1. 253 1. 440 1. 443
| -28/29-92 1220- 1204 1,411 16.5 13 173 0. 158 0. 326 0. 206
2-12/13-92 1150- 1516 1,631 16.5 4 56 0.051 0. 043 0.130
2- 25/ 26- 92 1145- 1320 1,526 16.5 33 634 0.614 0.773 1.175
3-1Q11-92 1220- 1155 1,388 16.5 13 198 0.210 0.092 0.540
4-1/2-92 1245- 1233 1,419 16.5 3 70 0.079 0.072 0. 144
4-15/16-92 1339-1129 1,323 16.5 7 170 0.189 0 0.522

"Estimates based on conputer sinulation
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The Effect of Entrainnent on the Reservoir Population

High and low estimtes of total fish entrainnent were
calculated for various periods of tine (Tables 22 and 23). The
| ongest of these periods was from January 1992 through January
1993, during which tinme about 4.5% of the total quantity of water
t hrough the dam was sanpl ed during 25 nights of netting and sonar.
The high estimate for this period was 4,469,969 fish, alnost four
times the low estimate of 1,146,513 fish. The reason these
estimates differ so much is the extrenely high entrainnent rates
measured during four sanpling sessions between Novenber 1992 and

January 1993. For the high estimate, these four sessions were
assuned to apply to the entire three nonth period between Novenber
and January. Conversely, the low estimation procedure vastly
reduced the influence of the four sanpling sessions by using a
transformed nean val ue. The high and low estinmates were nmnuch
closer when applied to other periods of tine. H gh and | ow

estimates were 1,117,425 and 859, 427 for the period May 26-June 25,
1993, and 487,083 and 380,630 for the period May 16-June 30, 1994
(Tables 22 and 23).

O the two estimates, the low estimation procedure is probably
t he nost biased. This is because it assunes that the entrai nment
rate during days not sanpled is equal to the nean rate for all
sanpl i ng sessions. This inplies that the entrainnment rate during
one sanpling session is independent of the next or previous
sessi on. This assunption may not be valid, however, based on the
influence that discharge, depth of wthdrawal and forebay fish
density have been shown to have on entrainnent (see section bel ow
on Regression Analysis of Factors Affecting Entrainnment).

W estimated the proportion of fish in the reservoir that were
lost to entrainment during the January 1992 to January 1993 peri od.
Qur dual - beam hydroacoustic estimate of the fish population in the
reservoir in August 1991 provided an approxi mation of the nunber of
fish that were alive during the entrainnent sanpling. The
hydroacoustic equipnent was unable to detect fish in waters
shallower than 2 m and was not typically used closer than 15 m of
shore, which probably elimnated many trout, suckers and peanouth
fromthe estimate. Wthin the areas surveyed wth this equipnent,
we estimated there to be about 4.8 mllion fish (Table 24). Qur
low and high estimates of entrainment during 1992 were 1.15 and
4.47 mllion fish, respectively, or about 23% and 92% of the
reservoir estimate.

W also estimated the nunber of kokanee in the reservoir
during 1991. Using vertical gillnet catches, we estimted that 89%
of the "large" (220 nmm TL) sonar targets were kokanee (1, 203, 154
fish). This was partitioned into 193,000 age class |+ fish and
1.007 mllion age class 2+ fish. The gill nets could not be used
to determne the percent of the "small" 1.~220 nm TL) fish that were
kokanee. However, trawl sanples in 1989 showed that about 95% of

61



Table 22. Estimates of nunber of fish entrained through Libby Dam using entrainment rates developed from
penstock sonar (for dates prior to 2/25/92) or draft-tube netting (for dates after 2/13/92).
Estimates are based on the assunption that neasured rates apply to half the duration of time to the
next or previous sanpling session.
Expansion to other dates
Expansion to entire
dam for period of neasurenent For neasured For unneasured .
time period time period" no. fish
Nunber (rmeasured +
Dat e Ti me of fish Dat es No. fish No. fish unneasured peri ods)
4-1/2-91 1800- 1600 1,723 4- to 4-6 3, 953° 3,953
4-10/11-91 1100- 1100 1,135 4-7 to 4-10 5, 296 5, 296
4-11 to 4-16 4,588 4,588
4-22/23-91 1900- 1800 3,108 4-17 to 4-23 12,531° 12,531
Estimate for period 4-1 to 4-23-91 26, 638
8-1/2-91 1200- 1200 6, 741 8-1 to 8-8 41,674 41,674
8-16/17-91 2400- 2400 2,292 8-9 to 8-17 21,622 _ 21, 622
Estimate for period 8-1 to 8-17-91 63, 296
I'1-14/15-91 1500- 1500 3, 007 11-14 to 11-16 15,133 15, 133
[1-18/19-91 1600- 0800 6, 258 11-17 to 11-19 17,808 2,510 20, 318
Estinmate for period 11-14 to 11-19-91 35,451
| -28/29-92 1200- 1200 173 1-28 to 2-4 1, 340 1, 340
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Tabl e 22, continued.

Expansion to other dates

Expansion to entire

dam for period of measurenment For neasured For unmeasur ed
tinme period tinme period Total no. fish
Nunber (rmeasured +
Dat e Ti me fish Dat es No. fish No. fish unrmeasured periods)
2-12/13-92 1200- 1200 56 2-5 to 2-12 468 -- 468
2-13 to 2-18 339 -- 339
2- 25/ 26- 92 1600- 0900 635 2-19 to 2-25 4,413 509 4,922
2-26 to 3-3 4,434 510 4,944
3-1Q11-92 1600- 0800 267 3-4 to 3-10 1, 885 260 2,145
3-11 to 3-21 2,843 396 3,239
4-1/2-92 1600- 0700 121 3-22 to 4-1 1,027 170 1,197
4-2 to 4-8 726 135 861
4-15/ 16- 92 1600- 0800 199 4-9 to 4-15 1,281 261 1,542
4-16 to 4-22 1,748 280 3,570
4-29/ 30- 92 1600- 0800 0 4-23 to 4-29 0 0 0
4-30 to 5-5 0 0 0
5-12/13-92 1600- 0700 19 5-6 to 5-12 221 38 259
5-13 to 5-20 153 26 179
5-27/28-92 1600- 0700 958 5-21 to 5-27 2,922 568 3,490
5-28 to 6-2 5,081 696 5,777
6-9/10-92 1600- 0800 175 6-3 to 6-9 3,163 454 3,617
6-10 to 6-16 842 121 963
6- 23/ 24- 92 1600- 0800 1,044 6-17 to 6-23 7,282 1,020 7,302
6-24 to 6-27 4,159 583 4,742

63



Tabl e 22, continued.
Expansion to other dates
Expansion to entire
dam for period of neasurenent For measured For unneasured
time period time period Total no. fish
Nunber (measured +
Dat e Ti me of fish Dat es No. fish No. fish unrmeasured periods)
6- 30-92 1600- 2400 635 6-28 to 6-30° 3,780 528 4,308
7-1 to 7-10° 12,618 1,765 14, 383
7-21/22-92 1600- 0700 1,151 7-11 to 7-21 12, 686 2,137 14,823
7-22 to 7-28 8,075 1, 359 9,434
8-4/5-92 1600- 0800 1,333 7-29 to 8-4 4, 486 627 9,741
8-5 to 8-8 5, 255 785 6, 040
8-12-92 1600- 2400 466 8-9 to 8-12° 3,160 642 3, 802
8-13 to B8-18° 5,972 988 6, 960
8-25/26-92 1600- 0800 1, 867 8-19 to 8-25 40, 129 6, 497 46, 626
8-26 to 9-I 14, 157 2,613 16,670
g-10-92 2400- 0800 6, 250 9-2 to 9-9¢ 33,928 6, 423 40, 351
9-10 to 9-16¢ 68, 641 9,030 77,671
9-24/25-92 1600- 0800 9, 366 9-17 to 9-24 81, 131 11,512 92, 643
9-25 to 9-29 32,133 5,616 37,749
10-5/6-92 1600- 0800 3,100 9-30 to 10-5 19, 418 3,463 22,881
10-6 to lo-15 28, 647 6, 269 34,916
10-26/27-92 1600- 0800 7,743 lo-16 to |o0-26 80, 557 16, 448 97, 005
l0-27 to 11-7 84, 641 12, 567 97, 208
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Tabl e 22, continued.

Expansion to other dates

Expansion to entire
dam for period of neasurenent For nmeasured For
time period

( unmeasur ed
time period

Total no. fish

Nurber (measured +

Dat e Ti me of fish Dat es No. fish No. fish unneasured peri ods)
[1-18/19-92 1600- 0800 30, 377 11-8 to 11-18 327,198 48, 524 375,722
11-19 to 11-28 300, 346 45, 639 345, 985
12-8/9-92 1600- 0700 92, 555 11-29 to 12-8 735, 423 109, 021 844, 444
12-9/10-92 1600- 0700 61, 508 12-10 to 12-26 760, 140 118, 163 878, 303
[-13/14-93 1600- 0700 118, 338 12-27 to 1-13 896, 250 191, 689 1, 087, 939
[-14 to 1-20 205, 676 38, 422 244,098
| -27/28-93 1600- 0700 1, 042 [-21 to |-28 8, 033 1, 338 9,371
Estimate for period 1-28-92 to |-28-93 4,469, 969
5- 25/ 26- 93 1600- 0700 3,713 5-25 to 5-29 23,034 3,560 26, 594
6- 3/ 4-93 1700- 0700 34, 965 5-30 to 6-3 105, 075 23,171 128, 246
6-4 to 6-6 109, 260 21, 344 130, 604
6-1Q11-93 1600- 0700 72,595 6-7 to 6-10 284,729 48, 057 332,786
6-11 to 6-13 220, 651 36, 929 257, 580
6-17/18-93 1600- 0700 10, 406 6-14 to 6-17 132,014 23,140 155, 154
6-18 to 6-21 41, 009 6, 904 47,913
6- 24/ 25- 93 1600- 0700 8, 165 6-22 to 6-25 32,962 5,586 38, 548
Estimate for period 5-25 to 6-24-93 1.117. 425
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Tabl e 22, continued.

Expansion to other dates

Expansion to entire

dam for period of neasurenent For neasured For unneasured
time period time period Total no. fish
Nunber (rmeasured +
Dat e Ti me of fish Dat es No. fish No. fish unrmeasured peri ods)
5-16/17-94 0700-0700 1,887 5-16 to 5-20 12, 306 - 12, 306
5- 25/ 26- 94 0700-0700 2,790 5-21 to 5-25 13, 866 -- 13, 866
5-26 to 5-28 9,835 -- 9,835
6-1/2-94 0700-0700 20,503 5-29 to 6-1 73,807 -- 73,807
6-2 to 6-4 63, 379 -- 63, 379
6-8/9-94 0700-0700 8,712 6-5 to 6-8 35, 966 -- 35, 966
6-9 to 6-11 25,688 -- 25,688
6- 15/ 16- 94 0700-0700 10, 988 6-12 to 6-15 44,977 -- 44,977
6-16 t0 6-18 32,703 -- 32,703
6-22/23-94 0700-0700 16, 611 6-19 to 6-22 64,678 -- 64,678
6-23 to 6-26 68,565 -- 68,565
6- 29/ 30- 94 0700-0700 9,280 6-27 to 6-30 41,313 -- 41,313

Estimate for period 5-16 to 6-30-94 487,083

——

“"Unneasured (diurnal) rates assuned to be 28% of neasured (nocturnal) rates.
"Measured tine period assuned to apply to entire 24 hr period.

"Entrainnent rate for 1600-2400 is assumed to also apply to 2400-0800.
*Entrainment rate for 2400-0800 is assumed to also apply to 1600-2400.
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Table 23. Estimates of total nunber of fish entrained through Libby Dam for
selected periods of tine, based on the use of nean entrainnent rates.

Esti mat ed

Mean nurmber for Expanded no.

entrai nment period not for entire dam
Ti me rate measur ed for period of Tot al
Peri od (10* m®) (rate x volune) measur enent’ ent rai nnent
[-28-92 to 1.44° 808, 468 338, 045 1, 146, 513
| -28-93
5-25 to 14.50° 729, 583 129, 844 059, 427
6-25- 93
5-16 to 2.07 309. 859 70,771 380, 630
6- 30- 94

'Sanme nunbers as shown in Table 22.
PCalculated after fourth-root transformation to achieve normality.
"Calculated after square-root transformation to achieve nornality.

Table 24. Estimate of the nunber of fish in different areas of Libby
Reservoir, August 1991. Esti mates are expansi ons based on density
calculations derived from 40 sonar transects. Raw data presented
in MC ain and Thone (1991).

Esti mated nunber of fish

Nunber
Ar ea transects Large (>220 mm TL) Smal | (<220 nm TL) Tot al
Tenmi | e 12 450, 790 1,542,995 1,993, 785
Peck 10 90, 832 350, 887 441,719
Rexford 10 555, 887 1,212,555 1,768, 442
Canada 8 251,776 328,941 580, 717
Tot al 40 1, 349, 285 3,435, 378 4,784, 663

fish in this size category were kokanee in the Tenmile, Peck and
Rexford areas, but only 12% were kokanee in the Canada area.

Applying these percentages to the small fish for 1991, we estimte
that 2.99 mllion of these fish were age 0+ kokanee. Total kokanee
in the reservoir was therefore estinmated to be 2.99+1.20 = 4.19

mllion. W estimated the total kokanee entrai nment during 1992 to
be between 1.12 and 4.36 mllion, based on draft-tube net catches
t hat showed kokanee to conprise 97.5% of the catch. These kokanee
entrai nnent estinates were 27% and 104% of the cal cul ated reservoir
popul ati on, respectively.

H gh | evel s of kokanee entrai nnent have al so been reported for
Banks Lake, Washington (Stober et al. 1979). They found that nost
of the kokanee that were entrained were of ages 2, 3 or 4+ They
estimated the nunber of fish in the reservoir in these age cl asses,
based on creel census calculations and spawner surveys, and
estimated that 60 and 75% of the population was entrained in 1975
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and 1976, respectively. Weekly sampling of kokanee entrainnment
over a four year period showed the entrainment to be quite erratic.
The authors postulated that this may have been partially due to the
volume of irrigation water withdrawn, the effects of maturation,
and the feeding novenents of the fish in the portion of the |ake
near the wthdrawal structure.

Regression Analysis of Factors Affecting Entrai nnent

W exam ned the statistical relationship between entrai nnment
rates and a variety of potential predictors--including forebay fish
densities (at different depths and distances from the dan),
di scharge and withdrawal depth and tenperature. Entrainnment rates
were calculated for both the evening hours (typically 1600-2400
hrs) and norning hours (2400-0800 hrs) of each sanpling session.
A square-root transformation was performed on entrainment rates
("rate"), in order to increase the linearity of the relationship
between rate and the predictor variables. Even when transforned,
the relationship of rate to discharge was non-linear, so we added
two additional variables in an attenpt to explain the relationship
as quadratic (discharge and discharge squared) or as binary (low
di scharge under 538 cns [19,000 cfs] and high discharge over 538
Cns) . Areal fish densities were examned for the entire forebay
area or for the near-dam area (transects |-6 conbined) and the far-
dam area (transects 7-12). Densities within discrete strata were
also stratified by near- and far-dam areas, but also from 20 m
bel ow withdrawal depth to 20 m above wi thdrawal depth. Dept h
strata farther away from withdrawal depth (>20 m were not used
because of snall sanple size. Density values from sunset and
m dni ght were averaged to make up an "evening" rate, and val ues
from m dni ght and sunrise were averaged to nake a "norning" rate.
Sanpl e sessions were not used for the analysis if the forebay
density values were thought to include l|arge anmpbunts of woody
debris (primarily during May and June).

Rate was significantly correlated (P<0.01) with three nmeasures
of discharge (DISCH (L-H), D SCHARGE and DI SCH SQ and seven fish
density variables (DOP (I-6), DQO. (I-6), D20L (I-61, D20L (7-12),
ARE DEN (I1-6), ARE DEN (7-12?, AREAL DEN) (Table 25). At all
depths, rate was better correlated with densities in transects |-6
than in transects 7-12. Correlations of densities in transects |-6
were greater between strata above or below the wthdrawal depth
(DOP vs D20P = 0.789 and DIOL vs D20L = 0.889) than between strata
straddling the wthdrawal depth (DOP vs. DO = 0.525). Thi's
suggests that hydraulic conditions at the depth of wthdrawal
create water currents that affect fish densities and distribution.
Rate was very weakly correlated with wthdrawal depth (r=-0.024)
and wi thdrawal tenperature (r=0.154).

W used the stepwise mnmethod of multiple regression to
construct a nodel for explaining the variation in entrainment
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Table 25. Pearson correlation coefficient matrix betueen entrainment rate, forebay fish densities and selective uithdraual system variables.
RATE= square-root transformed entrairunent rate; DISCH (L-H)= discharge > or ( than 19,000 cfs; DISCH $Q= discharge; AREAL DEN= areal
density all transects combined; AREAL DEN (I-6)= areal density transects 1-6 combined; AREAL DEN (7-12)= areal density transects 7-12
combined; DIOP=density O-10 m above withdrawal depth; DZOP=density l0-20 m above withdrawal depth; DIOL= density O-10 m below uithdraual
depth; D20L= density 10-20 m below uithdraual depth; WITH DEP= uithdraual depth; WITH TEMP= uithdraual temperature. N=40 for all
correlations.

AREAL  AREAL
DISCH DISCH AREAL DEN DEN DIOP DIOP DIOL  DIOL D20P  D20P D20L DZOL WITH WI
RATE (L-H) DISCHARGE SQ  DEN (I-6) (7-12) (1-6) (7-12) (1-6) (7-12) (1-6) (7-12) (-6)  (7-12) DEP TEMP

RATE —

DISCH (L_H)  .758** -

DISCHARGE L570%* 813w --

DISCH sQ L549%% B56** 981w+ --

AREAL DEN J557%%  B13% 423**  459** --

ARE DEN(I-6) .676** ,580** .,435** .464* 975* --

ARE DEN(7-12) .426** .364* .321*%  .343*  967**  903** -

DIOP (1-6) .498*>  338* 280 .324*  .877** .B65** .818** --

DIOP (7-12) 301 279 .309 .352% ,915%% . 835%* 014*  9Q7** -

DIOL (1-6) JT64%* 74T 625%** 636** .655* .715%*  531**  525** A462%* --

DIOL (7-12) .266 455**  585%%  §32**  602** 509** . 557* ,526%*  681** .638** --

D20P (1-6) .292 .146 .073 .105 .862*  ,B21%%  ,BY2*%  789** .a42** .263 .270 --

D20P (7-12) .182 .086 .037 .067 .835*  767** ,B97** 735 833w .200 .263 981w --

D20L (1-6) .789**  768**  .613**  .613**  457** . 567** 309 .267 213 .889**  .399*  ,158 041 --

D20L (7-12) .593**  .600** .555** 541 337 387 275 .160 .1 LT26** 367 044 -.008 T30+ --

WITHDEPTH  -.024 107 - 155 130 -.365* -.319* -371* .'.476** -.522** -271 -.399* -.415** -,380* -.104 133 --

WITH TEMP .154 179 .361*  .330* .259 .223 .246 211 .300 .518%* 527** 060 .050 .367* 556%  -.631%* -

0 p<0.05

0  *p<o.ol
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rates. W restricted our nodel runs to four or fewer variables and
in conbinations that were logical or intuitively correct. Thi s
nmeant that we only used conbinations of depth strata that were
spatially adjacent to each other (either vertically or
hori zontal ly). Qur preferred nodel (# in Table 26) was chosen
because it explained the |argest percentage of variance (78% and
nmakes sense intuitively. No other conbination of four or fewer
vari abl es expl ained as nuch of the variance. Diagnostics for this
nodel were all acceptable. The residuals did not depart
significantly (P=0 ) from nornmality. Leverage val ues were wthin
the P=OC critical level for all but 3 of the 40 sanples.

Qutliers were examned and felt to be legitimate and worthy of
inclusion in the nodel. Scatterplots of rate and the four
variables in this nodel show obvious trends, with a few outliers
occurring at high fish densities (Figure 12). Using the preferred
model, entrainnent rate is estimated by the equation

RATE = 1.3904*DISCH(L H) + O O437*DIOP(1-6) - O 0687*Dl OP(7-12) +
O. | 355* AREAL DEN - 0.8287, where

PATE = square-root of fish/10°* m® di scharged water

DISCH (L_.H = value of 1 assigned to discharge<19,000 cfs;
value of 2 assigned to discharge>19,000 cfs.

DI OP(I -6) = density of fish/10° m® water

DIOP (7-12) = density of fish/10* m® water

AREAL DEN = density of fish/10%? m* water.

When the equation was applied to entrainnent rates neasured in this
study, the plot of predicted rates against neasured rates was best
described by the equation Y = 0.800X + 0.309 (Figure 13).

When using the nmodel in the future to estimate entrai nment
rates, forebay fish densities (DOP (I-6), D OP (7-12) and AREAL
DEN) can be obtained enpirically, or estimted by using areal
densities (Table 5 and volunmetric densities (Appendi x F)
sunmari zed by season for this study. The nodel is nost properly
applied to periods from 1600-0800 hours, because this is the tinme
period for which entrainnent rates were typically neasured.
Predictors of diurnal entrainnment should be determined enpirically
or else it should be assumed that the diurnal rate is 28% of the
nocturnal rate.

More sanpling is needed to inprove the nodel, particularly
during periods of high discharge. Only 9 of the 40 sanples in the
nodel were taken during high flows. The nodel also needs to
i ncorporate nore sanples fromthe spring runoff period, when woody
debris | oads have rendered many of the forebay sonar density val ues
unrel i abl e. Corrections for debris should be based on trawing,
where estimates of debris densities can be nade.
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Table 26. Miltiple regressions of entrainnent rate regressed on
areal density, density within strata, and discharge. N=40
for all regressions. Variables defined in Table 25.

Model # Vari abl e Coeffici ent T P R?

(Suitable nodels deternmined by stepw se nethod)

1. DI SCH (L-H 1.3904 4, 001** <0.001 0.776
DOP (1-6) 0. 0437 4.550%*
DOoP (7-12) -0.0687 -5.195%*%*
AREAL DEN 0. 1355 3.198**
Const ant -0. 8287 -2.302*

2. DISCH (L H 2.1102 7.110%%* <0 d 0.719
DOoP (I-6) 0. 0492 4, 658**
D oP (7-12) -0.0385 -3.711**
Const ant -1.3333 -3.676**

3. DI SCH (L 1.3939 2.963** <0 0. 645
Dol (I-6) 0.0479 3.116**
Const ant -0. 8003 -1.720

4 DI SCH (L_H 1.2910 3. 242%* <0 0. 699
AREAL DEN (| -6) 0.1662 3.959%*
AREAL DEN (7-12) -0.1070 -2.863**
Const ant -0.6526 -1.525

(Model s deternmined by forced entry nethod, testing the
suitability of wusing densities from other depths.)

5. DISCH (L H 1.2861 3.171" <0 0.738
DA (1-6) 0. 0644 3. 999**
Do (7-12) -0. 0304 -3.807**
AREAL DEN 0. 0364 1.924
Const ant -0.7477 -1.861
6. DISCH (L H 1.5812 3. 324** <0 0. 659
Dol (1-6) 0. 0411 2. 393*
DOP (1-6) 0.0181 1.754
AREAL DEN -0. 0415 -1.109
Const ant -0.9916 -2.121*
7. DI SCH (L-H 0.9221 1. 855 <0 0.674
DAL (I-6) 0.0132 0.617
D20L (I-6) 0.0726 2. 196*
AREAL DEN 0. 0244 1.185
Const ant -0. 3590 -0.725
8. DISCH (L H 2. 3458 4, 328%* <0 d 0. 604
DOP (I-6) 0.0194 1.742
D20P (1-6) 0. 0011 0. 145
AREAL DEN -0.0291 -0. 457
Const ant -1.5523 -3.018**
® p<0.05
e fPcQQ
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Inmplications for Dam Operations and Fisheries Managenent

Qur entrainnent nodel shows that there is a relationship
between entrainnment rates and discharge, depth of wthdrawal and
forebay fish density. Entrai nment can be expected to be high
during tinmes when high forebay fish densities coincide with high
di scharges and with wthdrawal depths that are at or near the
concentrations of fish. Wen "typical" dam operations are conpared
to trends in forebay fish densities, we can nake sone
general i zati ons about the potential for entrainnent on a seasona
basis (Table 27). Entrainment rates are likely to be |owest during

the wnter (January-March), due to low fish densities, | ow
di scharges and deep w thdrawal depths. The hi ghest potential for
entrainment wll be in spring (late April-early July) when

wi t hdrawal depth is shallow, discharge can be high (particularly if
white sturgeon/salnon flows continue) and fish densities are
hi ghest . Fall (COctober-Decenber) is the other |ikely season for
high rates of entrainnent to occur, based primarily on the
l'i kel i hood of high discharges. Potential for entrainment during
the summrer (July-Septenber) is likely to be greater than in wnter
but less than in spring and fall. This is because of internediate
levels of fish densities (12.1 fish/100 w?), a |low incidence of
hi gh di scharges, and diel vertical mgration of kokanee through the
depth of wi thdrawal

One additional aspect of dam operations that wll influence
seasonal trends in entrainment is Jload following or "power
peaki ng. " The current practice at Libby Dam is to increase

di scharges at about 0600 or 0700 hours and maintain high levels
t hroughout the day until cutting back at 2100 or 2200 hours. The
effects of this |oad-follow ng schedule on entrainment will change
seasonal | y, because entrainnment rates increase quickly after sunset
and decrease quickly after sunrise. Therefore, during late fall to

early spring, load following wll begin before sunrise and end
after sunset, increasing the potential for entrai nment .
Conversely, load following from late spring to early fall wll

typically begin after sunrise and end before sunset--thereby
reducing the potential for entrainment.

The rel ati onshi ps between dam operations and entrainment, as
well as the high levels of entrainment (23-92% of the 1991
popul ation cane out in 1992) suggest that it is feasible to
mani pul ate entrainment rates for fish nmanagenent purposes. A
review of current managenent practices and the kokanee popul ation
trends should provide sonme insight into circunstances in which
entrai nment mani pul ati on can be useful

Current managenent practices for kokanee in Libby Reservoir
are based on the assunption that the population is large and can

sustain high levels of harvest. Fi shing regul ations are |iberal
allowng 20 fish as a daily limt and 40 in possession; snagging is
all owed Septenber |-Decenber 15. Kam oops rainbow trout are
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Table 27. Seasonal dam operating conditions, fish distribution, and potential for entrainment through Libby
Dam
M dni ght Locati on Diel wvertical I nci dence
forebay fish of hi ghest novenent of high
W t hdr awal densities fish across depth (>19 kcfs) Potential for
Peri od Dept h' (no./100 m?) densities of withdrawal ? di schar ge' ent rai nnent
W nter usual l'y Low (3.73) 020 m No Cccasional, but Low, except
(Jan- Mar) 30-50 m flows wusually during high
cut back di schar ge
for storage
Spring Starts at Hgh (21.1) 020 m No I nfrequent H gh (especially
(late April >30 m but prior to 1992, in June) due to
to early ends cl ose but is now wi t hdrawal dept hs,
July) to 20 m typical for hi gh  di schar ges,
st urgeon and presence of
age O kokanee.
Sunmer 20-30 m I ntermedi at e G30 m Yes I nfrequent, I nt er nedi at e,
(July- (9.14) except for due to diel
Sept enber) Sept enber novenent
of fish®
Fal | starts at I ntermedi ate 020 m but No Frequent H gh, due
(Cct ober - ca. 30 m (12.1) many fish primarily to
Decenber) but ends from 20-40 m hi gh di scharges'
>40 m

'Based on dam operations from 1984-1994.
fish may be nmore susceptible to entrai nnent
than age class It or 2t

*Age class It

‘age class O fish nay be nore susceptible to entrainment

and 2t
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stocked by both the British Colunbia Mnistry of Environment (using
Gerrard strain) and MDFWP (using Duncan River strain). These fish
are piscivorous for nmuch of their lives and have a preference for
kokanee. However, there is reason to believe that the popul ation
cannot sustain high levels of predation or harvest in every year.
Surveys have shown that the density and maxi num si ze of kokanee has
been quite variable since their introduction to the lake in the
late 1970s. Total population densities between 1984 and 1991 have
varied nore than threefold, from 88.8 fish/ha in 1986 to 301. 2/ ha
in 1988 (Table 28). The size of spawners since 1984 has ranged
from 257 to 410 mm and the spawner class of 1992 was particularly
small, with peak counts of less than 1,700 in Ki komun Creek (Table
28) . The year earlier, our dual-beam survey estimated this age
class to nunber only 193,000 fish.

Tabl e 28. Characteristics of the kokanee popul ation in Libby
Reservoir, 1984-1994. Al popul ation estinmates conducted

in August.
Hydr oacousti c surveys
Spawner Peak spawner
t ot al count in Popul ati on Density
Year length (mm Ki komun Creek estimate? (no/ ha)
1984 312 -- 2,527,530 134.3
1985 352 - 2,047,911 108. 8
1986 410 " 1,671, 389 88.8
1987 356 - 1,875, 513 99.7
1988 317 " 5, 667, 202 301.2
1989 278 21, 860 3,302,578 175.5
1990 257 79, 645 - --
1991 316 %:8 A 4,193,742 222.9
1992 363 : P T
1993 290 23, 779 —— b -
49, 300 b —
1994 271 :

* Estimates from 1984-1988 were with single-beam Honda Sitex.
Estimates in 1989 and 1991 were with dual -beam Bi oSonics
equi prent .

> pData have been collected and are under analysis.

The inverse relationship between size and density in the
kokanee spawner surveys of Kikomun Creek is highly correlated
(r=0.975) (Figure 14). This logarithmc relationship is consistent
with the nodels devel oped by Reiman and Mers (1990) for kokanee
popul ati ons in |daho | akes. Their nodel s suggest that for |akes
with a given productivity, size wll decrease rapidly and
logarithmically as density increases from 0O to around 40-60
fish/hectare (for each of the age classes 2+ and 3+). As densities
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i ncrease beyond this level, size will decrease nmuch nore slowy.
At Libby, the density/size relationship is clearly in the dynamc
zone of Reiman and Myer's nodel s.

By manipulating entrainment rates, it nay be possible to
achieve two objectives: 1) stabilize the population, so there is
| ess annual variation in spawner-class size and density. Thi s

objective would reduce the boom and-bust aspect of the sport
fishery, and would probably be nore satisfactory to anglers and
busi nesses supporting the fishery. It would also provide a nore
dependabl e basis for which to judge changes in regulations and
changes in stocking levels of Kam oops trout; and 2) |ower kokanee
densities in order to increase size. This would generate nore
interest from anglers, but a note of caution is in order. In order
to produce a 350 mm kokanee, densities would probably be quite | ow
Rei man and Mers (1990) data show that catch rates drop markedly
from 1.0-1.5/hr to below 0.5/ hr as kokanee densities drop from

50/ha to 25/ha or |ower. Fur t her nor e, severely reducing the
popul ation my meke it unstable and subject to collapse from
catastrophic events or from overharvest. If entrainnment is used

to mani pul ate kokanee nunbers, age 0O+ fish should be targeted,
because they typically occur in higher densities than ol der age
classes and are not sought by anglers. Renoval of age 0+ fish wll
al so reduce conpetition for food with the older age classes. A
controlled entrainment program would require a clearly defined
nmoni toring schedul e and popul ati on objecti ves. The popul ati on of
each gge <class should be quantified imediately after its
immgration to the reservoir. Popul ati on objectives, indicating
the desired standing crop of each age class in April or WMy of
their second and third years, should then be established.
Estimates of survival from age 0+ to 1+ and then from |+ to 2+
should incorporate desired levels of entrainnment as well as
esti mates of harvest and predation.
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RECOMVENDATI ONS FOR ADDI TI ONAL
RESEARCH MONI TORI NG AND EVALUATI ON

Accurately describe the timng of kokanee fry emgration from
tributary streans and their subsequent novenent in the
reservoir downstream toward the dam Further investigate the
effect of turbidity and inflow volune and tenperature on the
novenent of age 0+ fish.

Describe the effect of changes in kokanee size and density on
angl er satisfaction and catch rates.

Establish and quantify the relationship between entrainnent
rates and the magnitude of kokanee spawning runs in the
Koot enai River below Kootenai Falls and in Lake Creek

Measure entrainment through the dam with draft-tube nets
during May, June and July to better assess the effects of
white sturgeon fl ows.

Continue to conduct annual reservoir-w de popul ati on
est i mat es. Partition population estimates by age class of
kokanee.

Investigate fish nortalities and injuries when turbines are
run at |ess than 90% efficiency.

Strengthen the entrainment nodel through additional draft-tube
netting and forebay sonar neasurenents. Data during periods
of high discharge and/or high rates of entrainnent are needed
t he nost.
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APPENDIX A

Plot of daily inflow and outfl ow nmeasurenents
for Libby Reservoir, 1991-1994
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Appendi x Figure Al. Plot of daily inflow and outflow neasurenents for Libby Reservoir, 1991
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Appendi x Figure A2. Plot of daily inflow and outflow measurenents for Libby Reservoir, 1992.
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Appendi x Figure A3. Plot of daily inflow and outflow neasurements for Libby Reservoir, 1993.
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Appendi x Figure AAd. Plot of daily inflow and outflow neasurements for Libby Reservoir, 1994.
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APPENDI XB

Plot of water surface elevations and w thdrawal depths
for Libby Reservoir, 1991-1994
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Appendi x Figure BI. Plot of water surface elevations and wthdrawal depths for Libby

Reservoir, 1991.
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APPENDI X c

Li bby Reservoir forebay water tenperatures, 1990-1993
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Appendi x Figure O . Li bby Reservoir forebay water tenperatures, 1990-1991.
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Appendix D. Density of sonar targets in forebay, Decenber 4, 1990-June 25, 1993. N4 for all periods
except sunrise, My 20, 1991 where N=3.

Mean volunetric density (no./10* m® |

Mean Areal within depth stratum (n
Density
Dat e Peri od (no./100 m?) o 10 10- 20 20- 30 30-40 40- 50 50- 60 60- 70
Dec 4-5, 1990 Sunri se 0.59 0 4.86 0.69 0.33 0 0 0
M dday 0.82 1.16 4.49 1.14 0. 36 0.22 0.79 0
Sunset 2.47 8.38 12.61 2.74 0.22 0.75 0 0
M dni ght 10.1 50. 8 16. 2 13.8 14.9 2.34 3.20 0
Dec 12-13, 1990 Sunri se 4.50 20.2 15.5 7.82 0.96 0 0.53 0
M dday 1.69 3.25 8. 56 4.02 1.09 0 0 0
Sunset 7.37 44,2 14.3 9.70 3.49 0.71 1.32 0
M dni ght 5.09 17.8 13.1 14.0 4. 38 0. 20 1.42 0
Jan 8-9, 1991 Sunri se 2.14 9.89 6.79 3.32 0.98 0.38 0 0
M dday 0. 44 1.57 0. 88 0.77 0. 66 0.14 0 0.41
Sunset 0.13 0 0.73 0.58 0 0 0 0
M dni ght 7.19 55.2 12.1 4.71 0 0 0 0
Jan 22-23, 1991 Sunri se 3.19 1.66 16. 3 8.63 2.74 2.51 0 0
M dday 1.10 4.55 1.95 2.80 1.24 0.16 0. 27 0
Sunset 1.58 4.78 5.09 3.01 2.65 0. 29 0 0
M dni ght 7.81 30.0 24. 8 9.06 10.6 3. 64 0 0
Apr 10-11, 1991 Sunri se 2.64 11.0 7.77 7.60 0 0 0 0
M dday 1.85 16.0 1.17 0.61 0 0.75 0 0
Sunset 0. 49 0.88 3.02 0. 55 0.48 0 0 0
M dni ght 5. 07 30.1 12.0 7.35 1.25 0 0 0
Apr 23-24, 1991 Sunri se 2.08 10.5 6.40 3. 65 0.32 0 0 0
M dday 4.73 35.4 9. 47 2.44 0 0 0 0
Sunset 3.36 7.05 22.8 3.20 0.56 0 0 0
M dni ght 3.03 15.5 13.0 1.50 0.28 0 0 0
May 6-7, 1991 Sunri se 6.31 32.9 26.7 3.52 0 0 0 0
M dday 5.05 32.2 9. 86 7.57 0.88 0 0 0
Sunset 15.5 82.4 57.2 12.3 3.55 0 0 0
M dni ght 23.4 81.3 138 12.6 1.06 0.72 0 0
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Appendi x D, continued.
Mean volunetric density (no. /10* m® )
Mean Areal within depth stratum (m)
. Density
Dat e Peri od (no./100 m?) o 10 10- 20 20- 30 30-40 40- 50 SO 60 60- 70
May 20-21, 1991 Sunri se 5.57 48.8 6. 88 0 0 0 0 0
M dday 8. 66 72.1 13.6 0.94 0 0 0 0
Sunset 32.2 250 63.8 6.75 0. 25 0 1.46 0
M dni ght 63. 4 365 242 27.1 0.33 0 0 0
Jun 4-5, 1991 Sunri se 20. 6 194 11.7 0 0 0 0 0
M dday 8.35 82.9 0.59 0 0 0 0 0
Sunset 18.3 180 2.39 0 0 0 0 0
M dni ght 31.9 309 10. 2 0 0 0 0 0
Jun 18-19, 1991 Sunri se 16. 4 130 33.7 0. 33 0 0 0 0
M dday 31.8 204 105 8.87 0.19 0 0 0
Sunset 28. 4 265 17. 4 0.83 0. 68 0 0 0
M dni ght 21.9 177 40.9 1.45 0.13 0 0 0
Jul 2-3, 1991 Sunri se 9.07 28.9 47.2 13.5 1.11 0 0 0
M dday 1.43 5.21 7.50 1.54 0 0 0 0
Sunset 10. 8 78.5 25.6 3.61 0 0 0 0
M dni ght 7.57 29.8 42.9 2.93 0.12 0 0 0
Jun 15-16, 1991 Sunri se 1.78 2.26 8. 87 6.39 0.32 0 0 0
M dday 1.49 5.68 5.35 2.12 1.58 0.17 0 0
Sunset 2.05 9.24 10. 28 0.97 0 0 0 0
M dni ght 4.51 6.10 25.8 13.0 0.19 0 0 0
Aug 1-2, 1991 Sunri se 9.95 45.5 45.6 4.28 1.30 2.08 0.77 0
M dday 10.5 55.0 26. 4 8. 42 5. 86 6.10 3.24 0
Sunset 15. 8 56.0 85.6 11.2 5.28 0 0 0
M dni ght 26.8 52.9 77.0 128 8. 84 0.68 0 0
Aug 16, 1991 Sunri se 3.42 4.66 19.3 7.96 2.10 0.14 0 0
M dday 3.02 5.48 12. 6 4.42 5.63 1.75 0.58 0.17
Sunset 4.36 1.83 32.1 9.20 0.51 0 0 0
M dni ght 7.93 5.30 20.8 38.7 13.5 1.12 0 0
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Appendi x D, continued.

Mean volunetric density (no./10* m®)

Mean Areal within depth stratum (n
Density

Dat e Peri od (no./100 m?) 010 10- 20 20- 30 30- 40 40- 50 50- 60 60-70
Sep 25-26, 1991 Sunri se 8.03 16.0 33.1 6. 97 5.83 10. 8 7.13 0. 46

M dday 3.66 14. 6 6. 05 0.36 1.99 4.57 4.59 4.36

Sunset 2.98 11.7 0.50 2.84 3.69 2.72 5.05 3.33

M dni ght 7.43 30.0 1.87 9.34 9.93 15.9 6.62 0.69
Cct 17-18, 1991 Sunri se 0.50 0.92 1.52 0.14 1.07 0 0.56 0.28

M dday 0.23 0 0.31 0 0.64 1.34 0 0

Sunset 0.74 3.15 1.09 1.03 1.02 0.14 0.50 0. 49

M dni ght 2. 74 19.7 2.66 1.50 2.89 0.69 0 0
Cct 30-31, 1991 Sunri se 0.28 0 0.92 0.89 0.53 0 0 0.44

M dday 0.56 0 0.67 0 1.69 0. 87 1.92 0.42

Sunset 5.62 30.4 17.1 4.00 2.69 1.69 0. 34 0

M dni ght 10. 8 78.0 9.67 6. 97 7.52 3.34 2.09 0.75
Nov 18-19, 1991 Sunri se 3.50 10. 7 8.67 10.5 3.58 1. 60 0 0

M dday 1.40 0 7.77 2.01 2.57 1.61 0 0

Sunset 2.74 13.0 7.79 3.31 1.92 1. 47 0 0
Dec 4-5, 1991 Sunri se 2.73 17.7 5. 82 3.11 0.71 0 0 0

M dday 2.19 15.5 2.78 1.79 0.14 0.55 0.38 0.77

Sunset 5.32 37.6 9.82 2.48 0.87 2.04 0. 45 0

M dni ght 4.60 20.9 2.28 14.1 8. 46 0. 29 0 0
Dec 19-20, 1991 Sunri se 0.57 3.38 1.71 0.45 0 0.20 0 0

M dday 0.41 1.01 1.55 0.63 0.61 0. 27 0 0

Sunset 0.25 0.96 1.36 0.13 0 0 0 0

M dni ght 0.11 0 0.66 0 0.43 0 0 0
Jan 13-14, 1992 Sunri se 0.63 0 2.56 2.92 0. 86 0 o 0

M dday 0.18 0.73 0 0.76 0.29 0 0 0

Sunset 0.36 0 2.43 0.84 0.35 0 0 0

M dni ght 2.07 8.21 6.22 4.00 1.13 0.48 0 0.67
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Appendi x D, continued
Mean volunetric density (no./10* m®)
Mean Areal within depth stratum (n
Density
Dat e Peri od (no./100 m?) 010 10- 20 20-30 30-40 40-50 50-60 60-70
Jan 28-29, 1992 Sunri se 1.02 2.01 2.71 4.02 0.96 0.52 0 0
M dday 0.10 0 0.34 0 0.70 0 0 0
Sunset 0.16 0.73 0.23 0.38 0.23 0 0 0
M dni ght 2.16 5.93 7.46 5.79 2.38 0 0 0
Feb 12-13, 1992 Sunri se 0.76 0 2.54 4.08 1.02 0 0 0
M dday 0.03 0 0.26 0 0 0 0 0
Sunset 0.09 0 0.24 0 0 0.64 0 0
M dni ght 1.10 2.21 5.17 1.62 1.56 0.48 0 0
Feb 25-26, 1992 Sunri se 1: 46 0 5.28 5.55 3.27 0.52 0 0
M dday 0.18 0 1.28 0.37 0.17 0 0 0
Sunset 0.11 0 0.34 0 0 0.28 0 0.45
M dni ght 3.36 8.74 3.89 7.72 12.1 1.16 0 0
Mar 10-11, 1992 Sunri se 0.95 4.74 0.79 1.25 2.06 0.73 0 0
M dday 0.23 0 0 0.69 0.68 0.93 0 0
Sunset 0.59 3.63 0. 96 0.27 0.81 0.28 0 0
M dni ght 2.87 11.6 7.77 3.76 5.18 0.34 0 0
Apr 1-2, 1992 Sunri se 0.24 0.99 1.26 0.13 0 0 0 0
M dday 0.29 2.63 0.22 0 0 0 0 0
Sunset 0.56 1.88 1.23 0.42 0 0.65 0.77 0.65
M dni ght 3.73 37.0 0.36 0 0 0 0 0
Apr 15-16, 1992 Sunri se 0.90 3.33 0.03 2.36 2.41 0.89 0 0
M dday 0.76 5.44 0.33 0.14 0 0.82 0.86 0
Sunset 0.13 0 0.27 0.50 0.51 0 0 0
M dni ght 2.67 24.9 0.64 0.35 0.63 0.19 0 0
Apr 29-30, 1992 Sunri se 0 0 0 0 0 0 0 0
M dday 0.02 0 0 0 0.17 0 0 0
Sunset 0.28 0 0 0 0 1.49 1.28 0
M dni ght 0.04 0 0. 29 0.15 0 0 0 0
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Appendi x D, continued.

Mean vol unetric density (no./10* m® )

Mean Areal within depth stratum (n
Density
Dat e Peri od (no./100 m™?) 010 10- 20 20- 30 30-40 40-50 50- 60 60-70
May 12-13, 1992 Sunri se 1.26 10.1 2.06 0.23 0.25 0 0 0
M dday 0.26 0. 60 1.89 0 0.15 0 0 0
Sunset 3.14 28.1 3.24 0 0 0 0 0
M dni ght 15.1 45.7 75.8 13.0 6.87 4.26 2.28 3.08
May 27-28, 1992 Sunri se 0. 58 3.89 0. 65 1.28 0 0 0 0
M dday 1.54 13.0 2.15 0 0 0.25 0 0
Sunset 3.53 25.7 9.33 0.13 0 0.24 0 0
M dni ght 11.8 67.0 34.9 15.8 0. 66 0 0 0
Jun 9-10, 1992 Sunri se 1.89 11. 4 7.22 0 0 0. 26 0 0
M dday 1.17 2.85 8.48 0. 38 0 0 0 0
Sunset 2.71 16. 4 10.7 0 0 0 0 0
M dni ght 6. 77 40. 8 18.5 7.80 0 0.25 0.32 0
Jun 23-24, 1992 Sunri se 8.03 46. 8 19.2 12.7 1.58 0 0 0
M dday 6. 60 32.1 33.4 0.55 0 0 0 0
Sunset 6.19 49.8 11. 6 0. 49 0 0 0 0
M dni ght 10. 3 7.37 37.5 44.3 13.0 0. 47 0 0
Jul 21-22, 1992 Sunri se 6.28 15. 3 12.0 25.8 9.30 0.43 0 0
M dday 2.66 16. 6 7.07 1.20 1.22 0 0.50 0
Sunset 2.21 10.7 2.35 7.05 1.92 0.13 0 0
M dni ght 6.54 14.1 2.07 34.6 14. 1 0.13 0.33 0.18
Aug 4-5, 1992 Sunri se 3.37 5.53 8.72 16. 7 2.53 0.21 0 0
M dday 2.86 19.2 7.94 0. 45 0.30 0.29 0. 36 0
Sunset 1.19 1.13 5.52 5.29 0 0 0 0
M dni ght 2.92 1.54 2.03 14. 6 10. 4 0.56 0 0
Sep 24-25, 1992 Sunri se 4.27 19.1 18. 4 3.80 1.45 0 0 0
M dday 1.71 9.80 6. 64 0. 47 0.19 0 0 0
Sunset 8. 44 38.6 26. 6 16. 8 1.98 0.47 0 0
M dni ght 12. 6 2.03 12.2 22.1 48.9 34.2 5.58 0. 41
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Appendi x D, continued.
Mean volunetric density (no./10* m* )
Mean Areal within depth stratum (m)
. Densi tal

Dat e Peri od (no./100 m?) 010 10- 20 20-30 30-40 40-50 50- 60 60- 70
Cct 5-6, 1992 Sunri se 6. 36 36.7 13.3 9.97 2.83 0.74 0 0

M dday 6. 36 42.7 20.0 0. 37 0.49 0 0 0

Sunset 3.59 9.48 16.4 9.83 0.15 0 0 0

M dni ght 3.39 3.94 6.63 7.69 7.35 8.33 0 0
Cct 26-27, 1992 Sunri se 6.75 12. 4 41.9 6. 50 4.41 2.00 0.35 0

M dday 5.09 36.5 10.6 2.25 0.69 0.76 0 0

Sunset 7.16 26.5 33.3 8.79 2.47 0. 56 0 0

M dni ght 15.9 12.7 20.1 40.5 43.7 27.4 14.5 0.21
Nov 18-19, 1992 Sunri se 19.5 65. 2 53.9 31.8 22.2 17.1 4.91 0

M dday 3.34 3.33 19.8 6.08 3.01 1.22 0 0

Sunset 6.78 19.2 29.2 14.0 4.20 0.97 0.32 0

M dni ght 20.9 37.7 30.0 30.3 47.0 49.9 12.3 2.18
Dec 8, 1992 Sunset 14.8 17.9 59.3 28.3 21.9 19.1 1.54 0. 64

M dni ght 18.6 16.8 54.0 45. 6 30.1 31.6 7.87 0.29
Dec 9, 1992 Sunri se 9.03 20.3 25.0 16. 3 23.5 5.26 0 0

M dday 3.31 15.4 3.84 5.51 5.06 3.28 0 0

Sunset 3.05 3.38 8.76 5. 88 9.41 2.28 0.82 0

M dni ght 32.2 30.0 36.8 53.2 65. 6 77.9 52.2 6.29
Dec 10, 1992 Sunri se 7.80 10. 3 24.6 21.3 18.0 3.76 0 0
May 25-26, 1993 Sunri se 10.9 43.9 65. 3 0 0 0 0 0

M dday 3.70 35.1 1.87 0 0 0 0 0

Sunset 48. 8 458 27.7 1.83 0 0 0 0

M dni ght 31.5 161 145 8.04 0 0 0 0
Jun 3-4, 1993 Sunri se 20. 8 32.1 158 17.7 0.43 0 0 0

M dday 9.47 72.9 20.3 0.87 0 0.58 0 ]

Sunset 16.2 50.3 72.8 29.7 9.34 0 0 0

M dni ght 19.8 12.1 99.3 62.2 24.3 0 0 0
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Appendi x D, continued.

Mean vol unetric density (no./10* m’)

Mean Areal within depth stratum (n
) Densi t
Dat e Peri od (no./ 13/0 m?) O 10 10- 20 20- 30 30-40 40- 50 50- 60 60- 70
Jun 10-11, 1993 Sunri se 12.3 51.5 62.8 8. 65 0 0.18 0 0
M dday 7.45 51.4 21.9 1.14 0 0 0 0
Sunset 17.1 117 47.8 2.74 3.26 0 0 0
M dni ght 21.1 17.1 144 40.1 7.52 2.85 0 0
Jun 17-18, 1993 Sunri se 11.6 58. 3 39.5 11.1 6.52 0.15 0 0
M dday 4.32 23.7 17.8 1.67 0.12 0 0 0
Sunset 9.56 35.0 27.7 15.0 18.0 0. 28 0 0
M dni ght 19.6 14.7 101 53.7 27.5 0 0 0
Jun 24-25, 1993 Sunri se 8. 04 55.5 23.7 1.10 0 0 0 0
M dday 8.34 65. 6 14.5 3.28 0 0 0 0
Sunset 10. 3 91.5 11.0 0 0 0 0 0
M dni ght 9.02 21. 7 46. 3 18.9 3.26 0 0 0
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APPENDI X E

Nunber of fish and debris detected and tine nonitored
by penstock sonar, Decenber 4, 1990 - August 4, 1992
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Number of non-debris sonar targets, December 4,

Appendix Table E1l.

1992 at Libby Dam.
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Appendix Table E2.
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Appendix Table E3. Minutes of coverage by penstock sonar in hourly intervals,
December 4, 1990 - November 14, 1991 at Libby Dam.

ate 2 2 P [ 2 2 [ [ [ [ |5 b 6 [ F B [ T
Hour 0 |2 |8 [z |« |21 fe8 |1 fo 2 |6 3 [k J8 fo hs 1 e |
interval  fl90 oo Jor for for fer o1 o1 for Jor for fer o1 o1 o1 o1 o1 o1 o
sunrise +1 ]| 60 ] 60 |60 |60 60 | 0 |60 |60 J41 |60 Jeo Jeo Jeo o Jeo Jeo Jeo [s0 60
Sunrise +2 || 42 | 60 |60 | 60 |60 |60 |60 |60 |60 | 6 |60 |60 |60 | 60 |53 | 60 | 60 | 60 | 60
sunrise +3 || 0 | 5 | 6 |16 |50 |39 |45 |60 |60 | 41 |60 |60 |50 | 60 |59 | 60 | 60 | 60 | 18
sunrise +4 || - ] |- |-~ 1= |- -] 9 J20 [31 |52 |53 |59 |60 [ 60 |57 [45 |36 [ --
wiaday 4 || -~ | - |- |- 1-- |- |-- |10 |20 ]31 {52 |55 |59 |60 |60 |56 |46 |35 | --
Wigday 3 | 0] 5] 6 16 |50 |39 |45 |60 |60 |60 | 5 |38 |60 |60 |60 |60 | 62 | 60 | 17
Midday -2 || © |60 |60 |60 | 96 | 60 |60 | 49 102 |60 | 0 |60 | 60 | 61 | 60 [101 | 98 | 50 | 60
Midday -1 || 37 |60 |60 |52 |60 |60 |54 |40 |66 |30 | 0 |60 |60 |60 |60 |61 [ 60 |60 | 60
Widday +1_ || 60 |25 |58 | 18 |50 |53 |60 | 60 |60 |60 | 0 |60 |60 60 [ 60 [ 60 [ 60 [ 60 |60
Widday +2 || 60 | 0 |63 | 0 |60 |55 |60 |60 |60 |60 | 0 |60 |60 |60 |60 [60 [60 |60 | 60
miaday +3 || 7] 0] 6] 9 [ 25 |38 |45 [51 |60 |60 | 0 |60 |60 |60 |60 |60 [ 60 | 60 | 18
wiaday +4 || -~ |- |- |- |- 1-- |- ] o]20 |31 {20 |53 |60 |42 |60 |56 |46 |35 ]--
suset 4 | - 1-- | - |- 1 -- |-- 1--] o2 [31 [42 |53 ]60 [2« |60 |56 [46[36]--
Sunset 3 || 7 7 |15 |23 [39 [« | 0 |11 |46 |2« |60 |60 |60 |60 | 60 | 60 [ 60 | 17
Sunset -2 60 |60 |60 |47 |47 |60 |25 |45 [10 ] o |60 |98 | 60 J109 | 60 | 60 | 60 [112
sunset -1 || 52 |60 |60 |60 |60 |60 | 8 J60 |60 |60 | 0 | 60 J120 | 60 J120 [ 60 [ 60 [ 60 [120
sunset +1_ || 60 |60 |60 |60 |60 |60 |60 |60 |60 |60 | 0 |60 J120 | 60 120 [ 60 |60 | 60 J120
sunset +2 || 60 | 60 | 60 |60 |60 |60 | 60 J 60 |60 |60 | 2 | 46 120 | 57 [ 80 |60 | 40 | 60 |120
sunset +3 || 60 | 60 | 60 | 60 |60 |34 |60 |49 |39 |28 |17 ] o | -- |- | -- | 3 |13 |23 [r20
sunset +4 || 52 |55 152 |43 |35 ] o5 J-- [--|--|--|--|--1--[--[-1-1]-1¢e
Midnight -4 46 |56 |53 |43 |34 | o 15 |-- [~ [-- |- [-- |- {--[]--[--]--T]--J&
Midnight 31| 60 |34 |« |60 |60 | 0 |60 |50 J4o |28 |17 ] o ]-- |- [-- 1 3]13[2 [
Widnight 2] 60 |60 60 | 6 |60 | 0 |58 |27 127 |60 |60 | 58 |8 |58 | 58 | 46 | 60 [104 | 60
Midnight -1]| 60 | 60 | 60 | 41 |53 | 0 |56 |50 |55 |59 |60 |60 |60 |60 [ 60 | 60 | 60 J120 | 60
Widnight +1]| 60 |60 |60 |60 |55 | 0 |60 |60 |60 | 60 |60 |60 |60 [ 60 [60 [ 60 [60 J120 | 60
Widnight +2]| 60 | 60 | 60 | 60 | 60 | 56 | 60 | 60 | 60 | 60 | 60 | 60 |60 [ 58 [60 60 [ 60 [120 | 60
Midnight +31| 60 | 60 | 60 ] 60 | 60 | 60 |60 |49 |38 |28 |17 | 6 | -- | -- [-- | 3 [13]39 [eo
Widnight +4 || 32 |56 |53 |43 |35 |20 |14 § - §-- § - |- ]--1--1-- [ [--f--[-1]¢2
sunrise 4 || 0 |56 |53 |4 |34 {20 Jwe | -- |- |- |- 1--1--1--[---—-1-1-Ta
sunrise 3 || 0 |28 |61 |50 |60 |60 |60 149 |38 |28 J1i7 {6 [ - [--[--[ 2]1]23]e
Sunrise -2 || 58 | 60 |60 |60 | 48 | 16 | 11 |60 |60 |60 [ 14 |60 |60 |57 60 [60 [60 [60 | 0
sunrise -1 || 60 [60 |60 [0 J6o | o Jeo [26 |21 |36 Jeo [60 |60 |60 |60 | 60 | 60 | 60 | 51
Total 1173 1276 [1420 [1182 [1475 | 934 [1321 [1204 [1323 [1244 | 759 [1386 [1675 [1367 [1619 [1464 [1060]1665 [1697
minutes
“coverage
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Appendix Table E5. Debris sonar targets from November 18, 1991 to
August 4, 1992 at Libby Dam.
Date "11 12 12 1 T 12 |12 I3 |6 |4 |6 |5 |5 |6 |6 6 |7 |8
Hour 18 |4 |19 |13 128 {12 |25 |10 |1 [15 |29 |12 |27 |9 |23 |30 j21 |4
interval 91 |91 |91 |92 |92 {92 |92 |92 |92 |92 |92 |92 |92 |92 |92 |92 [92 |92
Sunrise +1 ojojojojojojojojojo 21]0}0}0 0]0
Sunrise +2 cjJ]ojojojojojojojojioj3mt|]1]O}oO 0]0
Sunrise +3 ojojojojojojojojo |33 38j1]jo0jo 0]0
Sunrise +4 - - - |- - - {1 |- ] 0 jO0]4)S50]0 0 0]0
Midday -4 - - - - -]l Jojoejes | e 0 01]0
Midday -3 0ojJojJojo]JoOojJo]JOoj]JojoO|16 29 |1 0 0]0
Midday -2 ojojJojojojojJojJojo]o |4 |1 0i10]0
Midday -1 ojJ]ojJojojojojojojo 0 4 0j]0]oO
Midday +1 1 ojojojojojojojojojo 1 ojojo
Midday +2 sj{ojJojojojojojojojojo 6 0]0}oO
Midday +3 3]0 ojojJo{ojojojojo}j2]|3j8jJ0jo0}J0]oO
Midday +4 -~ 1-1-1-1-1-1-]-]J]0]Jo]jJocj7]|3]0o]jojojo}jo
Sunset -4 -t t-1-1-1-1-1]-]1]0]Jo0o]Jo32|]3]o0j0ojo0ojojo
Sunset -3 s]J]ojJojojJojojojJojojojo}5]|5(0]0jojojo
Sunset -2 0]o cojojojojJojJojojJojs4t2j{O0{0o0joOjojo
Sunset -1 o|]ojojJo]Jo]J]ojojojo}jojoOo]|5]|3}j0]J]OjoOjoOo{jo
Sunset +1 oJojojJojo]J]ojo]JojojojojojcjojoOojojojo
Sunset +2 ojo]JojJojojojojojojojojojeajojojojojo
Sunset +3 ojJoJ]ojojlojojo]JojojJojo]Ojf1t §--}--]-1]-}@O
Sunset +4 ojJojJojojo o ]JOV}JO J--J--{-L"-1"-L"-1"-1"-}t-1I-
Midnight -4 ojofjojojojojoj)oOg--4--t--f--I1-"-1"-L>-\L1"-}1-1|-
Midnight -3 ojo]l]o]Jo]jojojojojojojojojoj--1}j-1]--1--10
Midnight -2 ojolo]J]o]Jojofjojojojojojsojs5jo0}jo}jojojo
Midnight -1 0jJoJo]JojJo]Jojo]JojojJojo|25}|3}0{jo 01]0
Midnight +1 H g|lolJojJojJo{ojJojojJoOojJOjOjsejéjojo 0j]o
Midnight +2 ojJojojJojojojojojojojoijs6jJO}joO]oO 01]o
Midnight +3 ojo]Jojojojojojojojojo 13§11 })--|]-- -- |10
Midnight +4 ojJoJojojojo}o]o -~ f-- J--t--Q--|-- |- == 1 -
Sunrise -4 ojojJojojojojojfjo J-- j--1--J|"-¢-1|"-1"- -- 1~
Sunrise -3 ojojojojojojojojojojo}|5]0]|-|- -- 10
Sunrise -2 o|J]o]J]olo]JojJo]Jojojoj]Jojoj|™]|3]0}]O 0
Sunrise -1 ojoijeo 0j]ojojojojojojo I5]ojojo 0
Total number 14 T 0 | 0]o | cjo | 0 T 0 |90 558|55 TI-O o|o}jo
targets
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Appendix Table E6.

Minutes of coverage by penstock sonar on an hourly basis

from November 18, 1991 to August 4, 1992 at Libby Dam.
pate 11 12 [z v |v 2 |2 I3 J« ¢ Jo s s 6 l6 |6 [z s
Hour 18 lo 19 |13 |28 |12 |5 Jio 1 s feo |12 faz o 23 [30 |21 e
interval 91 o1 o1 o2 o2 o2 o2 o2 |9z o2 o2 o2 o2 |v2 ez sz ls2 |o2
[ sunrise 41 ][ 3« |60 [ 60 [ 60 [ 60 [0 [60 [ 6o [0 [ 6o [6o Jeo [eo Jeo Jeo [ o [eo[5s2
| sunrise +2 0 {60 |60 |60 ]6o]eo|eo]eo]eofeo]eo]eofeo]eo]eo] o]eo]eo
" Sunrise +3 o] s8] «f10]20 |31 41 ]52]e0fe0]eo [60f60]58]60] ofeo]eo
Sunrise +4 -- - - - - oo - L -- 10125 35 )45 )55 0] 60 0}]58] 38
Midday -4 -]l -] -l ofes s [esfss] o]eo] o]s7]3s
Midday -3 o] 7] 3]0 a3 a1 |s3]eo]eof27]ecofeo] of31] ofeo]eo
Midday -2 0 |60 |60 60 606570 60 ]e6o]azf3s]r0f11] of ofJas] 6]2
Midday -1 20 [ 60 [ 60 [ 60 [ 43 J120 [120 [ 36 47 | o 6o ]| ofeo | o] o]eo{eo]so
Widday +1 || 60 | 88 | 60 | 46 | 60 |120 | 86 |60 |60 | 2 |60 | 0|60 | o] o] 6o |60 |53
Midday +2 60 |120 [ 28 | 60 | 60 J120 | 60 | 60 J 60 [ 60 60 | 0o feo | o] o] 6o feo]eo
Midday +3 15 [12] o a8 |s0]ao|s3]eo]eof[e0]s2]eo]as a1 {eo]eso]eo
Midday +4 - T-- -l - - -] w0 ]aa|36]4as |55 |e0feo]eo]eo]ss
Sunset -4 T 0--]--0--l--1--lwolas|37}sr|s6]60]eo]oeo]sas]as
Sunset -3 16 |14 of 91831 ]41]|53]60[60]e6o]6ofoeo]|eo]eo]eo]eol]so
Sunset -2 60 | 65 60 | 60 [ 60 [ 60 | 60 | 60 | 60 | 60 | 60 | 60 | 60 [ 60 | 60 | 60 | 60
sunset -1 60 | 60 |16 [ 60 [ 60 [ 60 [ 60 | 60 | 60 [ 60 | 60 [ 60 [ 60 | 60 | 60 | 60 | 60 | s0
Sunset +1 60 |60 |60 [0 [ 60 |60 | 60 | 60 | 60 | 60 |60 | 6o | 6o | 6o |eo |60 ]eo]eo0
Sunset +2 60 |60 J 60 [0 [ 60 |60 |60 | 60 | 6o 6o ]eo]eo]eo]ss|sa]|sa]sa]eo
sunset +3 || 60 | 60 J 60 [ 60 | 60 60 [ 60 J 60 [ 49 [sa |22 12| 3| --]--]--]--]15
sunset +6 Il 43 |52 [se [sofso[2of8e] 6 -] --]--]--]--1--[--1--1--1]--
Midnight -4 || 46 |52 |55 |50 Jeo {8 ol 6 --f--f--f--[--[--]--|--}1--1]-
Midnight -3 J‘E 60 |60 |60 |60 [ 60 |60 [ 60 |50 |ss Jaz 13| «)--]--]--]--[1e
Midnight -2 || 60 | 60 | 60 | 60 | 60 [ 60 | 60 | 60 | 60 | 60 | 50 |50 [ 60 [ 58 |57 |58 | 60|60
Midnight -1 || 56 | 49 | 60 | 51 | 54 | 50 [ 54 | 38 |56 [ 60 | 59 [ 60 [48 [ 48 |54 | o602
Midnight +1 || 60 | 60 | 60 | 60 | 60 | 60 [ 60 | 60 J 60 [ 48 | 60 | 60 [0 [ 60 ] 60 | o] 60 [ 20
Midnight +2 |l 60 | 60 | 53 [ 60 [ 60 [ 60 |60 [ 60 | 60 [ 60 | 60 |60 [ 60 Jeo [ 57 ] o] 60|60
| wianight +3 |60 |60 [ 60 [ 60 |60 [0 |60 Joo fao {36 J22 f1a] a|--F--[--]--]a
Midnight +4 Jl 4 |52 |55 {49 |39 ]88 ]| 72| --|--]--]--{--|--|--}--1--]-
sunrise -4 w |52 ]s6|s0o]3e]s]8] 6]--]--]--]--|--]--|--{--]-1-
Sunrise -3 60 |60 |60 |60 |60 {60 |60 6o a9 |36 a3 a]--]--f--]--]a
Sunrise -2 60 | 60 [ 60 [ 60 | 60 [ 60 | 60 [ 60 | 60 | 60 {60 | 60 J 60 |60 [ 58 | o [e0 ] 60
Sunrise -1 60 | 60 | 60 [ 60 | 60 | 60 | 60 ] 60 | 60 | 60 | 60 J 60 [ 60 | 60 |60 | o | 60 | 60
I,Total number  ||1216 [1531 {1286 [1413 [ 1411 [ 1631|1526 [1388 [ 1419|1323 | 1366 | 1188|1375 | 967[1136] 760]1371]1309
targets
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Appendix F. Summary of sonar target densities in forebay, December 4, 1990 - June 25, 1993. Target
densities are stratified by neardam (transects [-6) and far-dam (transects 7-12) areas.

Density values in this Appendix are intended to be used to estimate AREAL DEN, DIOP (I-6)

and DIOP (7-12) values for the nultiple regression model.

Mean volunetric density (no./10° m*) within depth stratun (m)

Season’ Transects N Period 0-10 10-20 20-30 30-40 40-50 S0O-60 60-70
Spring -6 14 Sunrise 38.1 60.1 6.12 0.52 0 0 0

14 Midday 49.6 12.7 2.56 0.25 0 0 0

14 Sunset 142.1 42.3 14.5 6.50 0.08 0.42 0

14 Midnight 124.4 117.3 28.5 10.3 0.62 0 0
Spring 7-12 13 Sunrise 46.4 59.6 10.1 191 0.10 0 0

14 Midday 34.0 13.9 1.37 0.04 0.16 0 0

14  Sunset 164.1 49.9 6.00 3.32 0 0

14 Midnight 70.4 143.3 30.6 7.09 0.40 8 0
Summer 1-6 22 Sunrise 26.9 19.2 12.2 2.84 1.86 1.31 0.05

21 Midday 33.5 17.4 20.5 1.67 1.31 0.18 0

20  Sunset 28.1 21.7 6.72 1.47 0.39 0.54 0.41

20 Midnight 15.2 24.9 25.2 11.8 491 1.04 0.14
Summer 7-12 18 Svliris 22.1 21.5 6.36 2.58 0.93 0.15 0.04

19  Midday 19.1 10.2 2.28 1.79 1.26 1.67 0.95

20 Sunset 27.9 18.7 6.01 1.24 0.27 0.47 0.25

20 Midnight 13.8 21.7 41.1 14.1 7.37 1.47 0.11
Fall -6 22 Sunrise 21.8 20.3 11.9 9.12 4.15 1.06 0.22

20 Midday 9.95 7.67 2.40 1.31 1.60 0.34 0.15

22  Sunset 20.5 22.3 8.65 5.71 4.01 0.60 0

20  Midnight 31.6 21.4 18.8 21.7 23.8 9.31 0.41
Fall 7-12 22 Sunrise 7.44 13.2 6.18 4.58 1.38 0 0

20  Midday 5.28 4.41 2.29 1.87 0.43 0.28 0.08

22 Swet 16.7 13.1 5.96 3.06 1.39 0.36 0.21

20  Midnight 25.3 15.6 25.1 23.3 14.9 9.42 1.53
Winter 1-6 23 Sunrise 5.44 5.29 5.07 1.40 0.53 0 0

22 Midday 7.63 2.00 1.12 0.41 0.10 0.16 0.08

22 Sunset 2.50 1.92 1.01 0.53 0.32 0.06 0.12

23 Midnight 18.6 9.45 4.19 3.48 0.78 0 0
Uinter 7-12 21 Sunrise 2.43 4.19 2.72 1.26 0.48 0 0

22 Midday 4.42 0.89 0.43 0.27 0.41 0.05 0

22  Sunset 0.94 4.86 0.77 0.49 0.07 0.08 0.08

21 Midnight 23.3 7.43 4.15 2.87 0.35 0 0.13

'Spring sample sessions are a sub-set of those indicated for Spring in Table 5, and are the sessions
thought to be relatively free of woody debris.

110



