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INTRODUCTION

vIn seeking geiief'frém higﬁ_nitrégen levels'ﬁhich'are-

beliéved to be instrumental in_rgcent estiméfés of severe losses
'évKOﬁng Salgon and tfoﬁf in:fﬁé Snake'Rivéf; the U.‘S; Afﬁy
Ac§rps‘of Engineers installed péffofatéd bulkheads (fig.vl)‘in i
intakes of empty turbine bayé of dams ih the‘lowéf rivé:. froto-.
type‘tests previoﬁ#ly ruh at ﬁittlekébose iﬁdicated thaf wétérf
could be passed fhrougﬁ fﬁese'struéfureé'ﬁith iiftléiiﬁcrease in
ni¥togen levels, This impliea tﬁat ﬁpto 65,000 c.f.s"COuld be .
diverted from'spillways, thus reducing,fhé,volume of spill and .
the level of nitrogen supersaturation caused by plunging flows
over the‘spillwéy.» : “ . l:

‘The erbs also quifiéa a spillway at. Lower Monﬁmeﬁt;l.bam.
forvpfotoffpe tests to determine,thé‘effecfiveheés of fhis moéif'
fication.iﬁ/iéducing nitroéen levels during periods ofFSPiiliné.f
(fig. 2$. .HYdraulic model.studies iﬁdicated-;hat a aeflécéor
- with three rows of dentafgs coﬁld pass the éreatest-amount Ofl}‘
water without éausing significantlinéfeQSeébin ﬁit;;genylevél;.
Essénfially,>the def1e§£6r is éﬁ additioh to the spillWayzogeev
fhat‘changes the difection 6f sPilling.wéter from plunging to
horizontal; this tends to p:eveﬂt’supérsatufétion bf.reaucihg the

pressure gradient that forces gases into solution,
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Figure 1,--Perforated bulkhead

Upstream view
(above) and downstream

gate,

(xight) ,

view




Figure '2,--Flow deflector with dentates in spillway bay at Lower
Monumental Dam.




'ﬁ&draulic structuresdesigned to'ameliorate the problem cff
f:vnitrogea cupersaturatlon‘,,bowever,Acould create problemsvfor
.iimlgratlng flsh whlchrmay:overrlde the 1ntended beneflts In thls
L  ca°e there ‘was reascn 1o belleve.that the structures 1nstalled

jby the Corps mlght cause death or 1njury to young flSh as they

mlgrate downstream through the structures toward the sea, To

'°‘1nve=t1gate the effects of the bulkhead and flow deflector on

vejuvenlle salﬁoulds, the Natlonal Marlne Flsherles Serv1ce,’under,
‘1;5 two-year contract‘to the écrps of Englneers ‘began an evaluatioh’
ch flngerllng passage'aud surv1va1 through the bulkhead and flow
'fdeflector | Thls report summarlzes the results of tests run fhe

flrst year 1n late Aprll and early May 1072

2_ExPeriments'

. L4
o

Twc,experiments were conducted with about equal numbers of
" test and control fish released upstream and downstream of the
structures Survivors from both groups‘were recovered'from the

, flngerllng bypass sy tem at Ice Harbor Dam and were dlpnetted

*

“Q_for 1nspectlon from gatewells of McNary Dam ) Ectlm,a.tee of

/,fsurv1val were calculated from the change in. ratlo of the numbers

Cof test.to conirol'flsh from.the t;me pf_release to the time of

_ recovery.

Juvenile fall chinook salmon were uSed‘in both experimen*s;
they were progeny of adults that returned to the Klickitat Fish
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;ACultural;Station and were reared‘by'the Washington Department
of Fisheries at'their Ringoid Springs Fish-Rearinq Statibn' These
Aflsh ranged in size from 3 1/2 to 5 1nches‘when uced'ln the
experlments; All fish were. tranSported to the NMF'S flsh-holdxng
faclllty at Ice Harbor Dam where‘*hey were marked with cold
'brands, Each group of flsh recelved a dlstlngulshlng brand. Arterv
"‘b91n§ marked 1hey were transferred to tank trucks and transported
to Lower Monumental Dam here rluer water was c1rculated through |
tithe tanks for at“least eight hours before the fish>were released.
At”the startiof a testvthe‘fish and'water mere drained from the

“tanks through a 3-inch hose.

Release Scheduie
‘For tests‘on the'éerforated bulkhead ‘fish‘were reieased'
ﬁ 51mu1taneously above and below the structure (flg. 3). »The
,;upstream hose through whlch test flSh were released termlnated
about 30 fZEt upstream ‘from the bulkhead in 1ntake B of skeleton
~ bay No., 4 COntrol flsh were released,through a hose that
termlnated 1mmed1ately downstream from the upwelllng formed by .

"

: the dlscharge from operatlng turblne_No. 2, The fish were
released below the turbine rather than below the skeleton unit

L 4

because the discharge from the skeleton unit was characterized :
by a strong side current which could have carried fish into the

. spillway tailrace area. -From past experience we know that fish.
released in the front roll havea-higher survival rate than those-

~
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.enterlng slack water areas where predatlo’nv is hlgh and downstream
movementyrs delayed - About 60,000 f1sh (30 000 test and 30 000
control) were used in each‘of the three releases.

for‘experlments to»evaldate the flow:deflector installedvin
: sprllway bay No '2; flSh nere released atvtwo splllwayldlschargesa—
13,100 and 2, 800 c. f s, AThe test frsh ‘were released about 20 feet

upstream from the talnter gate and 12 feet above the ogee sill

(f;g; 4) . Control’flsh were}released,through a hose that termlnated

| 5 feetvabovethe-Surface‘of,the tailrace‘and 75 feet donnstreaﬁ

near thekcenter of the‘splll;' Each;of three tests innolved a |
release‘of'about Q0,000 fishf' 3b>006.test fish were released in
v'flows of 13, 000 c.f.s, and anv ddltlonal 30 000 at 2 800 c.f -S.%

La srngle control release was made at the 2 800 c. f s, dlSdharge

- Survival of Fish Passing Through Perforated Bulkhead

Table llpresents the'number of fish recovered at each dam forh
each releasé”and the averaged data for‘the perforated bﬁlkhead
experlment. Flgure 5 presents these data in graphlc form for

v recoverles at Ice Harbor and McNary Dams Analy51s showed (1)

”fg'that the recovery data for the two dams were statlstlcally 1nde—‘

‘pendent; and (2) that ‘the surv1§orswfromhboth test and control
: groups were equally dlstrlbuted', We therefore conblned the
‘recovery data from both dams for further‘analy81s (flg; 6).
From analysls of the conblned data;~we can be 99 percent
confident that fish paSsing’throngh’the perforated hulkhead and
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 PERFORATED BULKHEAD TESTS
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*?{fassociated water:passages'incurred a mortality of SO percent or
CH mere. | | |

The hlgh mortallty obtalned from passage through the perfor-
'fs;_ated bulkhead may be partly caused by factors other than those

rj3id1rectly assocrated w1th the perforated bulkhead 1.e.. shear

iy (

planes and zones . of reduced pressure Potentlal extraneous

{‘icauses of flSh mortallty may 1nclude (1) debrls lodged 1n the !

aflperforatlons of the bulkhead (2) exposed concrete relnforcrng ‘
'bars in the generator bays, and (3) predators, such as squawflsh
“in the, slack water areas of the tallrace. |

The desrgn and dlmenSLOns of the perforations mayttend to.f_f~’
cause debrls to lodge and accumulate in. them, Whereas the:minimum
hﬂslot dlmen51on of the perforatlons 1s 4‘1nches that of the trash‘
‘racks at the mouth of the lntakes is 6 1nches " Thus, debrls that

“dw_passes through the trash racks can be too large to pass through

VA.the perforatlons» Although 1nspectlon of the test bulkhead at the ‘g

'completion of the experlment showed no sxgns of accumulated debrls,
’:llt is possrble the perforatlons were backwashed and cleared of
-3debrls when flow through the 1ntake was stopped to remove the

bulkhead Lowerlng the roller gate ‘to stop flow through the 1ntake

Lcould cause a momentary flow reversal through the perforatlons

Exposed re1nforc1ng bars in the generator ‘bays of skeleton

.

'”f”unrts is another potenflal source of flSh mortallty (figs. 7 and 8) .

AtThe llkellhood of young salmon strrklng these bars is not known and
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. Figure 7.¥—Unwatered genexator bay ‘of skeleton onit at Lower
: : Monumental pam showing steel reinforcemeht bars.




Figure 8 -—Generator bay of skeleton unit during operation. Note
that rexnforcement bars are 1nundated.
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';would depend upon the velocity of the water-circulating in the
generator bay and the 1ength of time fish spend in the bay before
'soundlng to pass out through the draft tubes. v | |
| Squawflsh predatlon in slack water areas 1mmed1ate1y

'downstream of dams can be a s1gn1f1cant.sourcevof mortality
especiallyiif nany fish nere stunned'or injured but not killed -

| byvpassage through the bulkhead .In 1968 ‘research at Ice Harbor'
‘Dam shoWed that losses from predatlon on . flsh enterlng slack ‘water
areas can be as high as 32 percent. In the perforated bulkhead |
experlment,'no effort:Was made to determ;ne;lf significant numbers,
: of squawfish were preSent orvwhat percéntage of'young salmonids_’

.

weré exposed to the squawfish,

‘Survival of Fish Passing Through the Flow Deflector
TableS'z and 3 present the number of fish recovered at each

. dam for each release and the averaged data for the flow deflector |

'fexperimentﬁ Flgure 9 presents recoverles at Ice Harbor and McNary

a

'Damsvin graphlc form Analys1s showed (l) that the recovery data -

"for the two dams were statlstlcally 1ndependent and (2) that the

surv1vors from both the test and control groups were equally
A dlstrlbuted These data were agaln comblned for the summary
vwfanaly51s (flg. 10y.

It was apparent from 1nspectlon of the data that there was

L 3

no 51gn1f1cant dlfference between mortallty in the two 5pi11way

~discharges tested, We therefore combined the data for the two

- : . Vi ‘,‘\ .t . .

discharges’ for further analysis, .

6




FLOW DEFLECTOR TESTS
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The,general level oflmortality indicated by the ratio of
test to control fish that were recovered was 15 percent Analysis
of the comblned data showed however,.that the percent of fish
recovered was 1oo 1ow to detect a mortallty of 15 percent ‘or less
-at a confldence level greater than 80 percent s

| Inspection of reSpective survival rates from the bulkhead
and splllway tests suggests that survxval was much hlgher through
the flow deflector than through the perforated bulkhead and |
assocrated water- passages.‘ Dlrect comparlson between relatlveA
: suryiual‘in the flow deflector‘and perforated bulkhead tests
.requires that'control releases from:thesehtests be comparable.
’Analysis of theuproportion’and distribution of control recoverles
fron the'respectite tests shouedfthat'the rate of recapture Was
't'essentially the same andkthat these recoveries could therefore be
Lgicombined. kThis'then perﬁitted a comparative analysis of testf' |
l"recoverieS/from bulkhead and sPlllway.tests' The conparison. - r'
4&i'showed “that we could be 95 percent confldent‘that surv1val‘of
.f1sh pa531ng through the flow deflector was‘30 percent or greater
than that of fish pas51ng through the perforated bulkhead We

‘ concluded therefore, that flSh were much safer in passrng through i

:;flow deflectors than through perforated bulkheads and the

o .

: assoclated water passages
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Table 2.--Number and relative survival of test and control fall chinook fingerlin
: released at Lower Monumental Dam during the flow deflector study. Spil
with deflector was discharging 2800 c. f.s. . .

»e.

tMARKED FISH RECOVERED AND SURVIVAL

. o _
Release no. 1 - Release no. 2 ‘Release no. 3
: - | Relative | = . : Relative ‘ R “Reiétive
Recovery Test Control | survival Test Control survival Test Control survival
sites (no.) (no.) . { (2) (no.) (no.) (2) - (no.) (no.) (%)
Ice : - . ) . : |
Rarbor 40 s2 76.9 . - 48 . 64 - 75.0 | ‘43 ' g57 | - 75.4
Dam : oo .« . : . _ ; .
MeNar - ’ o ; .
Dam d 84 101 83.2 . 128 124" 103.2 . | 119 151 78.8
Toral 124 153 81.0. 176 188 | 93.6 162 | 208 | 77.9
. L)
- - )
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Table l.--The number and relative survival of test and control fall chinook finge

released at Lower Monumental Dam during the perforated bulkhead study.

* MARKED FISH RECOVERED AND SURVIVAL

‘Release.no. 1

) Release no, 2 -

‘Release no. 3

- | Relative L .Relative : Relative
Recovery Test Control survival | Test Control survival Test Control survival T
sites (no.) (no.,) V(Z); (no.) (nov) (z) - (no.) '(nq.) (%) A
Ice _ : ~ ‘ ’ ’ ; -
BHarbor 28 58 48.3 - 29 51 56.9 19 50 . 38.0
Dam S ' :
L
"MENary~ . ' ) . _ » : : . ‘
_ Dam 48, 118 40.7. - - .57 .102 559 .- 26 103 25.2 1.
Total 76 176 43.2. 86 153 56.2 45 153 29.4 2
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Tabie‘3;-—Number and relaiivé'surviVal of .test and control fall chinook - -fingerling
released at Lower Monumental Dam during flow deflector study. Spillway
‘ with deflector was ‘discharging 13, 100 c.f.s8,

MARKED FISH RECOVERED.AND SURVIVAL '
Release no. 1 Release no. 2~ ' Release no. 3
. Relative o ' | Relative 1. P Relative '
: Recovefy ' Test Control | survival Test Control sprvival ‘ Test: Control survival Te
sites | (no.) (no.) . (z) (no.) (no.) () - | (mo.) (no.) | - (%) | (r
> Ice - . ’ . ‘ 'V . : ' ;
" Harbor 55 - 52 105.8 . 46 64 o 71.9 51 57 89.3 vl
Dam . _ , } , o
L2
McNary . . ) - : ; ~
Dam .93 lOl» . -92,1 ). 96 124, L 77.4 - 1115 151 « 26.2 3
Totail 148 153 | 96.7- | 142 - 188 75.5 166 ‘208 79.8 | a
L] -




