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INTRODUCTION 

In seeking relief from high nitrogen levels which are· 

believed to be instrumental in rec~nt estimates of severe losses 

of young salmon and trout in the Snake River, the U. S. Army 

corps of Engineers installed perforated bulkheads (fig. I) in 

intakes of empty turbine bays of dams in the lower rive.r. Prot.o­

type tests previously run at Little Goose indicated that water 

could be passed through these structures with little increase in 

nitrogen levels. This implied that up to 65,000 c.f.s. could be 

diverted from spillways, thus reducing .the volume of spill and 

the level of n~.trogen supersaturation caused by plunging flows 

over the spillway. , . 

. .. 
The ~orps also modified a spillway at. Lower Monumental Dam 

for prototype tests to determine the effectiveness of this modi-. 

fication i"n-reducing nitrogen levels during periods of spilling 
• 

(fig. 2) . Hydraulic model.studies indicated·that a deflector 

with three rows of dentates could pass the greatest amount of 
' .. :, 

water without causing significant increases in nitrogen levels. 

Essentially, the deflector is an addition to the spillway ogee 

that changes the direction of spilling water from plunging to 

horizontal: this .tends to prevent supersaturation by reducing the 

• pressure ~radient that forces gases into solution . 
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Figure 1.--Perforated bulkhead 
gate. upstream view 
(above) and downstream 
view (right). 
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Figure 2.--Flow deflector with dentates in spillway bay at Lower 
Monumental Dam. 
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Hydraulic structuresdesigned to ameliorate the problem of, 

nitrogen ·pupersaturation,. however,' could create probl-ems for 

migrating fish which may override the intended benefits. In this 

caEe'there was reason 10 believe that 1he structures installed 
, ',-, 

cause death or injur'y to young fish as they 

migrate downstream through the structures toward the sea. To 

investigate the effects of ,the bulkhead and flow deflector on 

juvenile salmonids, the NatIonal Marine Fisheries Service, under 

·a two-year cont:ract to:the Corps of Engineers, began an evaluation 

~of fingerling passage and survival through the bulkhead and flow 

deflector. This report summarizes the .results of tests run the' 

,f-irst year in late April and early May l~72.. ' 

Experimen1-s 


Two experiments were conducted with about equal numbersQf 


test and control fish released upstream and downstream of the 

.~ 

structures. Survivors from both groups were recovered from the 


fingerling bypass system at Ice Harbor Dam and were dipnetted 

. .-, . 

for inspection from,gatewells of McNary Dam. Estil1\Ates of.. 
.survival were' calculate.d from the change in. ratio of the numbers 

;, . 
of test to control fish from the time of release to the time of 

.:~- ;. 

Juvenile fall chinook salmon were used in both experimenfs: 


they were progp.ny of adults that returned to the Klickitat Fish 

, . 
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Cultural.'station and were reared 'by the Washington Department 

of 	Fisheries at 'their Ringold Spring,s Fish-Rearing Station. Ther;:e 

fish ranged in size from3-l/2 to'S inches when u~ed in the 

experiments. All fish were ,transported to the ~1MFS fish-holding 

facility at Ice H~rborDam where they were marked with cold 

brands. Each group of fish received a distinguishing brand~ After 

being marked they were transferred to tank trucks and transported 
'Or 	 • 

to Lower Monumental Dam:, here river water was circulated through 

the tanks for at'least eight hours before the fish were released., 

At the start-of.a test the 'fish and water were drained from the 

tanks through a 3-inch hose. 

Release Schedule 

For tests on the perforated bulkhead, fish were 'released 

~ 	 simultaneously above and below the structure (fig. 3). The 

upstream hose through w?ich test fish were released terminated 

about 30 feet upstream from the bulkhead in intake B of skeleton 

bay No'. 4. Control fish were released through a hose that 

terminated immediately downstream from the' upwelling formed by .... 
t~e 	discharge from operating turbine No. 2. The fish were 

released below the turbine rather than below the skeleton unit 
• 

" 

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 have a-higher survival rate than those­

3 	 • 
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entering slack water areas where predation is high and downstream' 

movement is delayed. About 60,000 fish (30,000 test and 30,000 

control) were used in each of the ·three releases. 

For experiments to evaluate th~ flow deflector installed in 

spillway bay No.2, fish were released at two spillway discharges 

13,100 and 2,800 c.f.s~ The test fish were released about 20 feet 

·upstream from the tainter gate and 12 feet.above the ogee sill 

(fig~ 4). Control "fish were released' through a hose that terminated 

. 5 feet above the ·surface of .. the tailrace and 75 feet downstream 

near the center of the spill. Each of three tests involved a 

release of about 90,000 fish: 30,000 test fish were released in 

flows of 13,000 c.f.s. and an additional .30,000 at 2,800 c.f.s.: 

asingle.cQntrol release was made at the 2,800 c.f.s. discharge. 

Survival of Fish Passing Through perforated Bulkhead 

Table 1 presents the number of fish recovered at each dam for. . 
each rele.aseand the .averaged data for the perforated bulkhead 

experiment. Figure 5 presents these data in graphic fo~m ~or 

re'coveries at Ice Harbor and McNary Dams. Analysis showed (I) .... 
.. that the recovery data for the t~o dams were' statistically inde­

pendent, and (2) that the survivors from both test and control 

groups were equally distributed. We therefore combined the 

recoverY'data from both da~s for further analysis' (fig. 6). 

From analysis of the. combined data, we can be 99 percent 

confident that· fish passing through the perforated bulkhead and . "­
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Figure 6.-Averaged data showi~g relative recover:! of test and control fall 

-·ohinook fingerlings rf!leased at Lower i'tonumental Dam duririg 
perforated bUlkhead study. . '. . 
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'associated water passages incurred a mortality of 50 percent or 

more. 

The high mortality obtained from passage through the perfor­

ated bulkhead may be partly caused py factors other than those. 

directly associated with the perforated bulkhead, i.e.,.shear., 

planes and zones of reduced pressure. potential extraneous 
:.... :-.­

causes of fish mortality m~y include (l)debris lodged in the 
,.' -,' 

perforationso'fthe bulkhead, (2) exposed concrete reinforcing 

bars in the generator bays, and (3) predator$, such as squawfish, 

in the, slack. water areas of· the tailrace. 

The design and dimensions of the perforations may tend to 

cause debris to lodge and accumulate in· them. Whereas the minimum 

slot dimension of the perforations is 4 inches, that of the trash 

racks at the mouth of the intakes is 6 inches~ Thus, debris that 

passes through the tra~h racks can be too large to pass through 

'the perforations. Al though inspection of the test bulkhead at the 

completio~ of the experiment showed no signs of accumulated debris', 

'it is pos~ible the perforationswerebackwashed and cleared of, 

. .­
debr is whe~ flow through. the in~ake was st.opped ·toremove the 

bulkhead. ,-Lowering ~he roller gate to ·stop flow through the intake 
.. , 

.could cause a moment~ry flow' reversal through. the pe,rforations. 

Exposed _reinforcing .bC\rs in the generator bays of skeleton 

units is another potent-ia.l source of fish mortality (figs. 7 and 8) • 

The likelihooa of young salmon striking tbese bars'is not known and 
,/ 

,/ 
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Figure 7.__unwatered generator bay of s1<eleton unit at Lo_r
Monumental Dam showing steel reinforceroent bars. 
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Note
Figure 8.--Generator bay of' skeleton unit during operation. 

,-;,thatreinforcement bars' are'inundated • 
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" sounding to pass out through the draft tubes. 


Squawfish predatioriin slack water ar'eas immediately 


downstream of dams can'be a significant, source of mortality 

, , 

especial~y if many fisb were stunned'or injured but not killed " 
, , 

by passage through the bulkhead. Iri 1968,' research at IC~.Harbor 

Dam showed that losses from predation on, fish entering slack water 

areas can be as ~igh as 32 percent. In the perforated bulkhead 

experiment, !l0 effort was made to determine ,if significant numbers, 

of squawfishwere present: or what percentage of young salmonids 

were 'exposed to the squawfish. ' 
t ,,' 

"Survival of Fish Passing Through the Flow Deflector 

Tables' 2 and 3 pres,ent' the number of fish recovered a teach 

dam for" each release a'nd the averaged data for, t~e flow deflector 
. 

experime,~,!-__-Figure, 9 presents 
," 

recoveries 
. 

at Ice Harbor and McNax:y 

Dams in graphic form. Analysis showed (1) that the recovery data ' . ,.' 

. for the two dams were sta'tistically indepe,ndent ,and (2) that the 
. ": .' ':"'- •.-<.:~~.<~~'. 

Klf;i;::',·:,£~-';:s~:f.vivors·'f:romboth the' testa~d control' groups ,wer1!! equally 
~fi;~ti~:;r;>'~,~j~~,<{··~: 'c:' ".' -':­
t" ':~;r,"<; ;.:. dJ.strJ.buted. . These data were again 'combined for the summary 

(fig ~ lOr. 

frominsp~ction ~f the data 'that there was. ' 

:.,' no significai-lt difference betweeri mortality in the two spillway 

discharges t~sted. We, therefore combined the data for the two 
., 

" ':',
discharges' for further analysis. 
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TheC]eneral level of mortali·ty indicated by the ratio of j 

test to control fish that were recovered waslS perc~nt. Analysis 

of the combined data showed, however, that the percent of· i;ish 

recovered was 100 low to detect arn.ortalityof 15 percent ·or less 

at a confidence level greater than 80 percent. 

Inspection of respective survival rates from the bulkhead 

and spillway tests suggests that survival was.· much higher throu.9h· 

the flow deflector than through the perforated bulkhead and 

associated water· passages. Direct comparison between relative 

survival in the flow deflector and perforated bulkhead tests 

requires that control releases from .th~se tests be comparable. 

Analysis of the proportion and distribution of control recoveries· 
. . 

from the respective tests showed that the rate ~f recapture was 

essentially the same and that these recoveries could therefore be 

.
combined. This then permitted a comparative analysis of test 

recoveries/from bulkhead and spillway tests. The comparison 

•
showed··that we could be 95 percent' conf.ident that s·urvival.of 

passing.through the flow deflector was 30 perc~t or greater. 

•• 
. .~ 

that of fish passing through the perforated bulkhead. We 

concluded, therefore, that fish·weremuch safer in passing through 

flow deflectors than through perforated bulkheads and the 

.associated water passages • 

• 
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Table 2.--Nu~ber and relat~ve surYival of test and control fall chinook fingerli~ 
r~leased at Lower Monumental Dam during the flow deflector study. Spil 
with deflector was dis~harging 2800 c.f.s. 

•.. 
MARKED FISH RECOVERED AND SURVIVAL 

. 
•Release'tlo. 1 Release no. 2' .Release no. 3 

Relative Relative ~ 'Relative 
,

Recovery Test Control· survival Test Control survival Test Control survival 
, (%) .

sites (no.) (no.) : (%) (no.) (no.) (no~) (no.) (%). .. 

lee 
, 

76.9 . 48. , 64 75.0 43 57 75.4Harbor 40 52 .I Dam. . 
.." 

..I· :fCNary
I 84 101 83.2 128 124' 103.2 . , 119 . 151 78.8 

~.;ft" "• Dam , . . . <.I • 
f 

. 
124 153 .' 81. O. 176 188 93.6 1~2 208 77.9Total 

\ 
-_._-­

.. 
• 

'- ,. 
\ • 
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Tabl~ l.--Th~ number and ~elative survival of test and control fall chin~ok fing~' 
rele.sed at Lower Monum.ntal Dam during the perforated bulkhead study • 

• . ,

MARKED FISH RECOV~RED AND SURVIVAL 
,. 

' , Release. no. 1 ' 
! Release no. 2 ' " R 'el e a sen 0 • 3 

Relative .Relative }telative 
Recovery Test Control survival, ' 'Test Control survival Test Control survival Tt 

sites (no. ) , (no.) (%) (no. ) (no.) . (%) - (no.) (no. ) eX) (1 

Ice 
,Harbpr 28 58 48.3 29 51 56.9 19 50 38~O . 

Dam . " . . 
,/ 

' 

. 
,~,. l-lcNary 

Dam 48 118 40.7... ,57 .102 55.9 ... · . 26 10·3' 25.2 1: . 
I 

. -' .. 

, Total 76 17.6 
. 

43.2· 86 153 56.2 45\ 153 29.4 2~ 
, 

". 

" 
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Table 3.--Number and relative survival of.test arid control 'fall chinook 'fingerlin 
released at Lower Mon~ental Dam during flowdeflectpr study.' Spillway 

, .. with deflector was dis~harging 13,100 c~f.s. 

, , 
••MARKED FISH RECOVERED AND SURVIVAL 

~ 

. , 

•Release no. 1 Release no. 2' Release no. 3 

Relative Relative Relative 
Recovery Test Control ' survival Test Control survival Test Control survival T4 .

sites (no.) (no.) . (X) (no. ) (no.) , (X) (no~) (no.) (X) (I . 
. 

'Ice 
Harbor 55 5f 105.8 46 64 71.9 51 57 89.3 "1.1.Dam . . ,," 


. 


l-fcNary 
.....;1 

I 
Dam , 93 101 92.1 . 96 124.'.. 77.4 , ,115 151.· 76.2 3.., . 

; 
.. 

. · 148 153 96.7 ' 142 . 188 75.5 1~,6 208Total . 
\. 

79.8 4' 

" . . 
~ . .. 

\.., 
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