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ABSTRACT 

dlmaBape W d  
wlkh turbines a d  

other structums wit;hfn U. are be- 
lieved to suffer dm& or b t b  from mem p- 

\ 

dimly, o o w d ~  in a Lb*omtmy tuld at Iae 
Harbor Dam, waa undddmn as a result of&- 

observations and examines the role of decom- 
pression as a possible cause of immabilktion. 

The Kaplan turbines at  Ice Harbor Dam have 
an area of low negative pressure below the blades 
that theoretically averages about one-half at- 
mosphere (38 cm of mercury vacuum) when the 
turbines are operated at  r a w  capacity.' The 
actual level of negative preggure below the dur- 
bine blades is not known but mud be consider- 
ably greater than the 88 an theoretical average. 

Bmmd eaannounimtion, I. Scot-$* U.S. Amy C u m  
of I- 



It ia also known that demmpmsion to leveh tests. Fork lengths of the two lots of fiah were 
present in the turbines can be hamful to juvenile appmximz&ely the same; the chinook salmon 
Paern sahnon. In a study of the &ecb of neg- ranged from 119 to 180 mm and the coho salmon 
ative pramre. on .fh$erUng chinoak 8ahq1, from 185 to 190 m n  !be sJi&% size difference 
H o h m  and Donawn'  found that etltrt %h leaf- f believed to hsve had little or no influence on ' 

ferecE an average of 8.5% m o W B  xhm hh ,, f i e  CQrnparative response of the two species to 
compre~md from 18 psi to -2 psi. Id& (1959)". ' ' negsthe pressure. 
reparted that fingerling coho &in exposed to The experimenfal apparatus consisted of two 
negative prtrserm of 12.7-78.7 m/Hg for 0.1- main components: (1) the fish-holding-recir- 
2.5 sec a p p w d  to be stunned m o m e n ~ l y  but culating system and (2) the pressure chamber- 
concluded that decomprewion,to parl;isil vma Ti  vacuum E I $ S ~  T basic arrangement (except 
was not likely to kill the W h  unless acmnpanie ; for the vacuum pump and filter) is illustrated 
by c.tlvibkian. Harvey (1963) coz~~hza;gd f rod i  ib Figam I. A round wooden tank served aer 
his &dies and comprehensive review of tihe W the h o l u g  f a * .  Water from the water main 
eratuw that the eff& of d e e o m p ~ d h  'c%dL"' $f PBW, ?@'ash., treated with sodium thiosulfate 
pended on the condition of the figh and PhpgiCBf ' "'"b nedkallze the chlorinity, was continuously re- 
factam in the environment as well as on the - circulated through a sand and charcoal filter and 
d h d e  of the vacuum. aerated by a diaphragm compressor. The water 

Immobilized hge~ling d o n  and trout were temperahre was maintained at  9.0" C -r- 0.5" C 
first ob- a t  Ice Harbor Dam hi 1 W #  4 k g  a portable refrigeration system. 
Marked juvenile eoho w b o n  and rainbow trout The pressure chamber was built from a 
were r e W  in a turbine intake and r e c ~ m  129.4-cm length of heavy-duty iron pipe, 30.5 cm 

ation of the test fish. 
wasgained thmugh a . 

a 10.2ccm pipe .srlmwe with 
the efbd& o~~ ~ ~ ~ e ,  w- - 1 st Range 8ad m e r  pbte, Additional slwms pro- 

- 
*: ':lebdPd plumbing artlmlments for w a k  intake 

r.  ~ # m d  dimharm Ihw, &r mhad port, pressure 
md ' - and vacuum line. kk 8 , 7 W k r  (1,000- 

bi&d @&.at : @o&) tmk m v s d  as e vacuum reservoir and 
I ~ f i  r: 1 was ccmndWl to the pressure chamber by a rub- 

~--~it&yr hose 1.9 om thi& The vacuum was a ~ ~ l i e d  

METHODS AND MATERIALS 

Laboratory study - 
[n this study chinook salmon fingerlings were 

substituted for rainbow trout as the LM~IF ape- 
cies was not readily available. Tbe c h h ~ s k  
salmon fingerlings were downstream dgrarreS 
caught in the gatewells of McNary Dam, Uma- 
tilla, Oreg. The coho salmon were no~lgligrants 
taken from the White Salmon Federal Ha-# 
White Salmon, Wash. All fish were t r a n s p l , d  
to the test site by tank truck and held in a fit&- 
holding facility (described below) for at least 
2 dsys More  they were used in decompression 

* Holmes, H. B., and I. J. DonaIdaon A stud of the 
x r  effect of pressure changes upon salmon finger& ns 
2- & a plied to puns thro h s illway at Mayfield %m, 1 &wlft& ah, #&A. $npu%l. manwcr., 18 p@jp p,. 

The amount of negative pressure applied to 
the chamber was controlled by evacuating the 
reservoir to the desired level as indicated on a 
gauge. A second gauge plumbad into the cham- 
ber fhonitored p m u r e  change. The vac- 
uum was &md by eloiaing the vmam h e  
valve and venting .the ~~ by a m i n s  a 
s m n d  .6- ball valve. 
Ah& 1 tp ma required to obibin 61 om of 

m e w  vmaum in the Ghasnber wbm it ww 
flbd with water;, 2% were wdgd to mi& 
71 . ~ ~ 3 3 !  of mercury vacultbn betmum of the law 
tmwW af dbsdvd U~~ by #ta hw 
~egatiaa prwure. At all negdive p r m  
qt; tmk ow-half m d  to r % i i ~ 8  the vawun hp 
opening the relief valve and cloisia$ t;he vacuum. 
tiae valve. 





capture in the barge, and of recovery or death 
were recorded for each fish. All live immobilized 
fish were transferred a t  the end of the work day 
to the holding tanks near the dam and held for 
at least 3 days to evaluate delayed effeds. 

LABORATORY STUDY OF 
DECOMPRESSION 

Some fish were examined at the highest vac- 
attainable with the system employed (71 cm 

of mercury vacuum). Qther p u p s  were then 
at successively lower levels to the lowest 

of vacuum that produced immobility (61, 

,; :$ :$51, and 41 cm of mercury vacuum). For valid 
.:J , :qcomparison of the labomtory results with those 
:?!"#in the field, it was desirable to simulate field 

- $:conditions by decompressing the fish as rapidly 
?"' - .[as when passing a turbine (onehalf second or 
-. 1 ,:r~''(less). In exploratury trials with a small pres- - 'p - -- 4 
; =,5sure chamber (10.2 x 121.9 cm), a high level 

-2,. ;-$of negative presaure could be achieved in a frac- :" : - tion of a mcond. The test fish, however-par- -13 -Jc'~. titularly the wild chinook salmon-did not ap- ' - Ld 

to acclimate to the restricted environment. 
id.~ubaequently, a larger pressure chamber (30.6 - -$ : = x 140.8 cm) was used, although the time re- 

n 'ri<quired to reach high negative pressures was in- 
dcreased slightly: . ! 

The term ''preonditidn" as us&-here-m-eans 
.,-,allowing the fish time to readjust the gas volume 

Yr - '!of the swim bladder to achieve neutral buoyancy 
* ,,, cjwith respect to the water density a t  atmospheric '' t. :pressure in the excitement of being caught and 

"transferred to the pressure chamber. Harvey 
(1963) described this behavior as a fright re- 
action whereby fish force gas from the swim 
bladder out through the pneumatic duct, de- 

buoyancy and facilitating escape by de- 
greater depths. In the t& this be- - ' 

havior was more pronounced among wild chinook 
T q s a l m o n  than among hatchery coho salmon. Im- 
. mediately after being placed in the chamber, 
~'t;~the rish descended to the bottom where they re- . 'c - &main4 relatively motionless. The hardy indi- 

surface aftex about 
to the bottom, and 

neutral buoyancy was 
was required to re- 

a11 members of a test group; this 
was subsequently adopted in the 

1 - 

Some chinook salmon fingerlings developed 
partial Wobi l i ty  soon after decompression 
(F'ig. 2); peak levels of 17% at 61 em, 43% at 
61 a, and 60% at  71 cm of mercury vacuum 
were d e d  about 5 min after exposure. These 
fish either recovered from partial immobility or 
developed further complications leading to com- 
plets immobility. The symptomatic transition 
proceeded slowly but a t  a relatively uniform rate 
of slightly than 1% per min, although small 
percentages were partially immobilized after 
several hours. 

Compl&e immobility occurred among m e  
chinook salmon fingerlingx within a few seconds 
after exposure to 61 and 71 cm of mercury vac- 
uum. O & m  developed the condition after a v -  
era1 minutes of partial immobility (peak per- 
centage 60 min after exposure to 61 cm and 30 
min sLMar exposme to 71 a). None were wm- 
plelxdy immobilized by 61 cm of mercury vac- 
uum. Memt Ash died that had developed mmplete 
immobility after several minutea of partial im- 
mobility. The percentages of deaths from expo- 

PARTIAL IMMOBlLlTY 

So "C h 
I;'< \ CENTIMETERS OF MERCURY VRCUUM 

0: 
W 
P 

COMPLETE IMMOBILITY 

- 2 0 -  

DEATH 
30 - 

TIME AFTER EXPOSURE 1MlHUTES) 

Pigum 2.-Chinook s a b n  fiqwli~yga partially inmw 
b i l k &  catnpletely immobW, or deQd after exposum 
to Psriom Tmls of negative pressnre, .bgr time aika 
expowre. 
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IMMOBILIZED FINGERLINGS BELOW 
ICE HARBOR DAM 

During the turbine studies at Ice Harbor Dam, 
recovered test fish were closely observed for 
symptoms of immobilization similar to those 
manifested by fish decompressed in the labora- 
tory. The first immobilized fish were seen on 4 
November during the fourth test (Table 1). On 

Table l.-Dmation of immo-tllon of individual eoBo dmon  snd  bow trout i l t ~ ~ ~ l i . u g ~  mewed in &e PP-1 
net at I e  H%pkr Dam, a N - I I3eimnh iW. 

4 m. W o  
w o  

16 Nw. Ebahbo7n 
la m. Ehinbow 
22 MW. 3Wtlb.ow 

Eainbow 
80 )Om. Ekidmw 

B D i s s  3hidmW 
6Dec. gar2nbcm 

L l k l d l d  for i 3 W a d . m  

6 

Gji . .  - \  - 5  - - . - .. - -  



- a d  alive 8 itan m, the O%C)T 'kopo . . 
mufn$,*e zi&?&gt, 

r r  ma ?& bm hilt  a4.ght in 6, 
9, 10, and 31. (16 and 8Q Nwmbx; 2 and 6 

- , - ) l - v d m a . ~  

I 

. , fmm 1% (tat 11) kY fMqdn 
hf#&etmBb ~.mo 

. 4 s - & &  p IS (test 18) b7'7'7 
;. .$ min *el#). Ths few dah mrvid..,8dq 

hold3ng pdod. The one caught in test  I1 was 
--. E l l i ~  evhhtly norfmd &r 30 days of ob- 

@b1e h e k p m e n t  af k b t  

fmmobW t3sh wme wght fn 
the ma catch tAEiSm- 

h e n t h e m ~ o d s , ~ c a g -  
Of the total t.Ur-e d i s  
f\ta~d net, ~2W%tl$ Iw 

than 1% entered the recovery barge; the rest 
filtered thxough the meshes of the net. An esti- 
h t e d  18 9% of the test fish released in the turbine 
were killed by impingement against the net and 
a much higher percentage injured by physical 
contact. 
Far immo'bilized b h  to reach the reeovery 

bar@ uninju~ed (not heemted, descala e h ) ,  
thsy wonM have to be passively bnspopted the 
length of the net br that flow directed tawmd 
the d end. 

B w w e  the net may have ,mused izmmabdim- 
tion by iabpingment it was highly desirable to 
obtain mnples of immobilized fish in the gend 
area occupied by the net in the 1966 tests. Field 
parties with long-handed dip nets cruised the 
area in boats just dter releases in April and 
Mm 1967 to march for fighfigh in distress. Although 
many such fiah were seen to surface, mwt were 
picked up by hove*- gulls or pulled undw the 
5urfaee by turbulence before they could be 
reached. For the final test (10 May), a small 
inclined-screen m o p  trap (50.8 cm deep and 
121.9 an wide) was anchored in the turbine dis- 
charge. It, tooJJ proved of litrtle vdue for col- 
1-8 distmsmd Ash. The total catch by both 
methods was only five immobilized fish. All of 
them displayed the symptom c h a r a d s M c  of 
demmpxession, erratic motion followed by in- 
setivity and sinkiq. Obemed i m m o b ~ o n  
ranged fkm 2 to 6 min, and the c o m p u ~  msx- 
imm period of immobilization ranged from 6 
to 1% min (Table 2). 

Inbrat in this study is the mumption that 
immobi&ation was due )io d-prwion. The 
assumption is supported by lahratory experi- 

W'ti'li3 %-Duration of immobilization of individual who 
salmon ihgerings caught b dip net and scoop trap 
in the. turbine discharge, 14 April - 10 May 1987.' 

Time Time Time 
from release from release 

Dab in turbine to in turbine 
1967 capture in 

from rm- dip net 
Obwmed Es&natedmaHon -B trap 

m3-m & olrkr lnin 
14 April 3 5 7 8 

5 2 6 7 
21 April 14 El 18 10 
10 May 7 4 10 11 

11 6 16 17 

Allfishmmdveds8.day holdingpezkd 
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and fk&ery--amlysis of dwune;. By Keme& 
A. Eensy. Au t 1871, 7 + 32 m., bOl figs. B 
a p  ndix dpa, r k b l e s ,  2 appm&x 1.h. 
s a g b y  the Sngainben,dgnt at Dae-mb, U.8. 
Governa t  PFllmtIng OBm, WasWngkm, D.C. 
20402 - P h c ~  46 at&. 

646. Dissolved nitro conmntzatilane %I P;b@ Galam- 
blla and Snake Fwrs in 19)m 4 && &twt en , 
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