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. RESEARCH ON FINGERLING MORTALITY

. IN KAPLAN TURBINES - 1968

Introduction

This is a preliminary_réportL/‘of research conducted
in the spring of 1968 at Ice Harbor Dam by the Bureau's
Fingerling-Pa;sage_ngéqg@, located at Pasco, Washington.‘f

The research this year provides strgng evidence
of the intet:elétionéhip betweén turbine losses and losses -

. from predation that occur in discrete areas of the tailrace.
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1/ The results reported here are based on a portion of the

data. Although preliminary, we expect only minor changes

in numerical values when the analysis is compieted.-



Field Conditions

This yéar there was very'little spillway operation;
a condition that will exist in the future. Consequently, a
large slack-water area.existed below the spillway.

The turbine discharge divides at the upweliing in
the tailrace into two major‘flows. Most of the water moves
downstream as a "fxontroll®™ discharge to form the main river.’
A portion of tﬁe disdharge forms tﬁe "backroll®; i.e., it
flows upstream till it reaches Ehe damf The backroll-flows
from all units then mer aiong the dam;t; enter the slack-

water area below the spillway. -

Methods and Procedures
The fish used were 1+ ccho reared'at Leavenworth

Hatchery. Methods of handling and marking have been reported
" previously. Tests were conducted from Maxrch 27 tOFMay 10, |
1968. " |
The method'ih use to measure tu:bine losses employs
the release of test fish through the turbine and tbe release
of control fish in the tailrace. The ratio of survivors of}
the test and.controlygroups'proéides a measure of the tdrbi;e

. —v‘/”-—n'—-" . . . '3
mortality. This ratio was determined by sampling several miles

downstream,




Testvfishywere released in intake B of unit No. 2

 about ten feet below the ceiling. The turbine was operated f

at 115 percent overload for all tests. Tailrace controls *’7;2;£F

”'ji;were released (1) 1nto the badkroll flows, and (2) into the

.main flows moving downstream., _
Gear for sampling the survivors of test and control C
| fishvincluded (a) purse seines, and (b) beach seines, both
_deployed about 6q§*§3}e§“?elow Ice Harbor Dam, and (c) d1p
nets for sampling the’gatewells of McNary Dam, about 45 miles -
below Ice Harbor Dam. | o

In addiéion, é ﬁufee seine was used in the slack- -
Water area in the tailrace of Ice Harbor Dam to. ocbtain séﬁples f;_‘
of predator fish, and a migrant-dipper trap was piaced in,the_'l‘
tailrace to sample test and'contfol fish found in the backroll

flows.

CompariSon of Sampling Methods

The purse seine and beadh selne catches made 6.5 mlles f’
below Ice Harbor Dam, and ‘the gatewell catches from McNary
' Dam were compared to ‘determine if select1v1ty varied among
the recovery methods. ':. ' . E o {
| The ratio of fish from the 3%% test and two control
groups was comparable in the catches made by all three recovery
‘methods (table 1)."The;efere; all catch data were cdﬁbine&

for subsequent analysis.



recoveries for season,

Table 1l,--Raw .data-fish releases for eight days and fish
The ratio of recaptured fish

from two test and two control groups was comparable Co
. for each of three flsh~recovery methods., h
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 pable 1.--Raw data-fish releases for eight days and fish

The ratio of recaptured fish
from two test and two control groups was comparable
for each of three fish-recovery methods. -— continued._

recoveries for season,
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Comparlson of Control Groups

The control groups released in the backroll suffered
a statlstlcally 91gn1f1cant loss of 33 percent by comparlson

with the control gnoups released in the frontroll, or maln'

river flows (table 2”1 Thls loss was presumed to be from

g

predation. --

Ev1dence of Predation

Both seagulls and flsh were obviously feeding upon
experlmental flSh 1n the slack watexr areas. Purse seine
catches in the area took mostly squawfish. Up to 37 percent
of the squawflshﬁtaken 1mmed1ate1y after the day's release
of coho had ideheifiab}efcoho in their stomachs. fA total of

54 percent had'fish ipaﬁheir.stomachs.

Comparlson of Test and Control Groups

The test groups suffered a statlstlcally significant

loss of 32 percent by comparlson w1th the frontroll controls-

a loss of the same magnitude as the backroll control groups = -

(table 2).




eight test days.
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" pable 2.--Raw data-season's recovefy”bf test and control fish for
Ratio of recovered fish show a total

loss of about 32 pexcent of the fish passed through the

turbines and 33

ercent of the control groups released

into the backroll, by comparison with control groups
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Table 2.--Raw data-season's recovery of test and control fish for
eight test days. Ratio of recovered fish show a total
loss of about 32 percent -of the fish passed through the

~ turbines and .33 percent of the control groups released:
into the. backroll, by com arlson with control groups

__released into the fran ontinued.
RECOVE-R\/ RY TYPE|
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. Assessment of Turbine LoOSs

A gfouPVOf fish passing through a turbine enter
either the backroll or frohtroll‘flows; or the group may
divide, a percentage entering yéthvflows. The paramete:s
determining the destination of a fish are (1) the segment of
flow‘containing the fish‘approadhing the turbine, and (2) the
turbine load at the time.

The total lésswéf’ye$t £§§§ in this ekperiment
(32 percent) presumably included both losses frém the turbine
and losses from predation.- If a turbine loss of less than
32 percent and greater than 0,0 percent‘is presumed, then
only a portion of the survivors of tesé fish were entering
the backroll flows, where they suffered an additional loss
from predation éé a 33 percent rate. The block diagram in’
figure 1 gives an example of how turbine and predation losses
can conbine to affect total survival. .

TheAmortality occurring in the turbine was estimated
b& assessing the mortality dﬁe to predation; e.g., the total
loss (32 percent), less predation loss, eqdais turbine loss.

Determining the loss due to predation required an
éétimate of the number of test fish éntering the backroll.
The dipper trap was used to samble fish in the backroll. The

control groups released difectly into the backroll provided
an estimate of the. efficiency of the trap; e.g., if 10 percént

of the backroll controls were takenvby the trap, then the

LR alet Bt d o e nse-
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100 TEST FISH

TURBINE
LOSS-
10%

- 90 FISH
SURVIVE

[ -eoFisH

PREDATION \ - \
“* [ENTER BACKROLL[™® ™ ~

LOSS
- 33%

30 FISH
| ENTER FRONTROLL

|

Y

40 FISH SURVIVAL ,
SURVIVE 100 % .

~ S ’./
\ ) B - - R ’

| TOTAL SURVIVAL 70 FISH -
(30% MORTALITY)

K

Figure l.--Total loss of fish includes turbine mortality
and predation mortality. Total loss from predation
depends ﬁpon division of fish between backroll and

frontroll flows in the tailrace.




- number of test fish caught was taken #s 10 percent of the
number of test fish in the backroll. only the ﬁest,fish_in
the backroll were exposed to the 33 percent rate of predation.
.\ complicaﬁion arose when we found that differént |
release locations of controls in the backroll produced
different estimates of trap efficiencies (thus, resulting in
different estimates of the pércent of test fish eﬁtéring the
backroll). Tests were run, therefore, with sevetal release
locations in the backroll. The extremes of trap-efficiency
estimates were used to compute a maximum and a minimum
turbine loss. Results imply that turblne mortallty lies be-

tween 10 and 19 percent (table 3).

Discussion

The loss of test fish (32 percent) is not necessarzly
comparable to the loss of naturally dlstrlbuted fish that .
pass through turbines. Although the turbine loss on test
fish is presumed similar for that of naturally distributed
fish, the predation loss varies with the exit point of fish
at the tailrace; i.e., the percentage of fish that enter the
backroll. Because the test fish were released in a discrete
portion ofvthe intake flows, we must presume the divisidn of
this group between the backroll and frontroll flows is

different from that of naturally distributed fish.
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backroll. Dipper trap samples of control and test

fish in backroll indicate a minimum predation loss of
13 percent and a maximum predation loss of 22 percent of
the test fish., Therefore, the turbine loss falls - . ~
between 10 and 19 percent,
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" of protecting these flsh.

Impllcatlons )

The results dbtalned thls year 1mp1y Ehat bypa551ng

fish around turblnes may'be the best approach to the problem

Eyen if turblpes were made
completely safe, sxgnlflcant numbers of flngerllngs may be
placed in backroll flows to suffer losses from predatlon.
Flngerllngs bypassed around turblnes, however, also can be

rhypassed around concentratlons of predators,
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