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W i n g  t h e i r  m i g r a t i o ~ s ,  anad rc~ous  f i s h  i n  t h e  Colmbia River 

may encounter heated discharges. Coutant (1969a) showed t h a t  a t  Hanford, 

Washington, a heated discharge produced a thermal plnae 17 C above ambient 

1/ r i v e r  temperature. Adults may be ab le  t o  de t ec t  and avoid such discharges- . 
Young f i s h ,  hovever, might invo lun ta r i ly  pass i n t o  these  flows; t h e i r  

su rv iva l  trould depend on the temperature of t h e  discharge and hot: long t h e  

f i s h  remained i n  t h e  hazardous zone. A study was i n i t i a t e d  i n  1968 t o  

examine e f f e c t s  of temperature l e v e l  and exposure time on juvenile salmonids 

i n  r e l a t i o n  t o  hea t  death.  

PHYSICAL TEST EQTJIZ4E2iT 

The t e s t  f a c i l i t y  ( f i g .  1) and phystcal  equipment u t i l i z e d  f o r  t h i s  

study a r e  described by Snyder, Blahm, 1.5cCorinell (1970) and Blahm and 

McCom-ell (1970a, 1970b). Heated and c h i l l e d  water tras supplied t o  188- 

l i t e r  t e s t  tanks trhere it was mixed t o  provide t h e  required t e s t  trater 

temperatures. The t e s t  tanks were c l ez r  a c ry l i c  p l a s t i c  which allowed the  

observer maxiuim v i s i b i l i t y .  

TEST FISB 

Test  f i s h  were captured e i t h e r  i n  t he  Colmbia  River near t he  

t e s t  f a c i l i t y  ( f i g .  2 )  or obtained from hatcher ies  i n  Washingtm ~ n d  

1/ C.  R. Weaver, BCF, Sea t t l e ,  TJashingtcn. Progress Report 170. 137, - 
k c .  1966. Research on fishway problem conducted. a t  t he  Fisher ies  
Engineering L a b ~ r a t o r y  a t  Bonne15 l l e  Dam under Contract No. DA-35-026- 
251k2 ~ i i t h  t h e  U.S. F i sh  and Wildl i fe  Service.  





Figure 2.--Location o f  DCF t e s t  f c c i l i t y  i n  r e l a t i o n  t o  s i t e s  o f  

proposed thermal  n u c l e a r  power p l a n t s .  
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Oregon. They were t r a r ~ s p r t e d  t o  t he  t e s t  f a c i l i t y  and held pre- tes t  

i n  1.8 x 2.1m. reswood tanks through vhich ColmSia River water was 

c i rcu la ted  a t  a. r a t e  t o  provide at l e a s t  one cornplet'e interchange of water 

each hour. Pre-test; mor t a l i t i e s  wkre l e s s  than 15. A compil.ation of f i s h  

or ig in  and acquis i t ion  da t e  i s  shown i n  t ab l e  1. 

THEXMAL SHOCK TEST PROCDURE 

Samples of 20 t e s t  f i s h  (with t he  exception of one t e s t  s e r i e s  

i n  ~ rh i ch  16 f i s h  were used per sample) were exposed t o  pre-adjusted t e s t  

water teailperatures, and time t o  death was recorded. %ro observers recorded 

death times wit'n an e l e c t r i c  timer and a s top  watch. Physica.1 character-  

i s t i c s  of t he  death process were noted and recorded tauring each t e s t .  . 

Kovies were taken t o  provide a permanent record of thermal shock responses. 

A chronological  l i s t i n g  of the  t e s t s  and the  water t e m , ~ r a t u r e s  

a t  which they were conducted i s  given i n  t ab l e  2. 

Juvenile salmonids exhib i t  v ide v a r i a b i l i t ; ~  i n  response t o  sharp 

temperature incresses .  For example, chinook salmon exposed t o  27 C (a  9 C 

r i s e  above acclimation) inc-xred  n o r t a l i t i e s  Trom 4 ( f i r s t  death)  t o  121 

( lo@$ death) minutes ( f i g .  3). Because of t h i s  v a r i a b i l i t y  researchers 

have chosen t h e  point  a t  which 50 percent of the  s m p l e  d i e s  (LD50) t o  

re,mesent the  "upper i nc ip i en t  l e t h a l  level"  of t h e  ;s_pecific organism. 

However, t'nis l e v e l  should be expressed i n  t e rn s  of time a s  we l l  a s  



Table 1.--Acquisition date m d  o r i e i n  o f  f i s h  used f o r  thernlca.l shock t es t s  

--- 
Species Acquisi t ion Origin 

da te  

- .  

Steelhead 

Coho 

I 1  

chum 

I 1  

Sockeye 

Chinook 

4-1-69 Big Creek Hatchery - Oregon 

4-24-68 Columbia ]River - P r e s c o t t ,  Oregon 

4-26-68 Kalama F a l l s  Hatchery - Washington 

3-28-69 I 1  I t  I 1  

5-8-69 Columbia River - P r e s c o t t ,  Oregon 

5-13-68 Hoodsport Hatchery - Washington 

4-7-69 Big Creek Hatchery - Oregon 

10-2-68 Leavenworth Hatchery - Washington 

3-15-68 Columbia River - P r e s c o t t ,  Oregon 

n 9-23-68 I 1  I t  I 1  I 1  

n 10-24-68 I 1  I 1  I 1  I 1  

n 1-29-69 Brown Bear - S e a t t l e ,  Washington 

I 1  4-21-69 Columbia Fliver - P r e s c o t t  , Oregon 

II 4-30-69 11 II 11 II 

tI 6-16-69 11 It It I! 

v 10-27-69 I) It VI 11 

F a l l  chinook 8-13-69 L i t t l e  White Salmon Hatchery-Washingtc 

Spring chinook 8-21-69 11 11 11 II n 



Table 2.--Chronological ranking by species  and water  temperatures of thermal 

shock tes ts  

Species Test da te  Control Test temperature ( C )  
temperature 26 27 28 29 30 

c )  

Chum 
Chum 

Steelhead 5-6-69 
S tee lhe  ad 5-28-69 

Coho 
Coho 
Coho 
Coho 

Sockeye 
Sockeye 
Sockeye 
Sockeye 
Sockeye 
Sockeye 

Chinook 
Chinook 
Chinook 
Chinook 
Chinook 
Chinook 
C'ninook 
Chinook 
C'ninook 
Chinook 
Chinook 





First death occurred i n  e l l  t e s t s  a t  26 C i n  l e s s  than 120 

minutes; con t ro l  temperatures varied from 4 t o  20 C ( f i g .  4 ) .  Harever, i n  

17 of t h e  23 t e s t s  a t  26 C, t he  f i r s t  death occurred i n  l e s s  then 40 

minutes. 

Twenty-two of 24 t e s t s  showed t h a t  50 percent mor ta l i ty  occurred 

i n  less than I20 minutes a t  t he  26 C ( f i g .  4 ) .  A l l  f i s h  died i n  l e s s  than 

4.5 hours. Generally, higher a c ~ l i r ~ m t i o n  t e m ~ r a ~ t u r e s  produced longer - 

r e s i s t ance  times. 

Repl icates  of thermal shock t e s t s  shoved t h a t  a t  26 C t e s t  

temperatures, t h e  death process could be reversed. One-hundred ~ r c e n t  

recovery occurred within  24 hours i f  t h e  f i s h  were returned t o  the  cont ro l  

temperature a s  soon a s  l o s s  of equ i l ib r iun  was a p p r e n t .  

Twenty-five t e s t s  were conducted i n  which juvenile seluonids 

were subjected t o  29 C following acclimation ranging frm 4 - 20 C. F i r s t  

death i n  a l l  t e s t s  occurred i n  l e s s  than 2.5 n inu tes  ( : f ig .  5).  

F i f t y  yrcent  mor ta l i ty  was reached i n  a l l  t e s t s  i n  l e s s  thar. 

8 minutes, and i n  19 t e s t s  i n  l e s s  than 3 minutes. All1 f i s h  succmbed 

a t  29 C i n  l e s s  than 25 minutes; i n  22 of the  25 t e s t s ,  100 percent died 

i n  l e s s  than.10 ninutes .  Zish acclimated t o  18 C displayed a longer 

res i s tance  t o  an 11 C increase  than did  f i s h  acclimated t o  20 C and 

subjected t o  a 9 C increase.  
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Figure l:.--b?ortality of juvenile aa3monids subjected to  2G0 C from 
designated control tenperatures. 



Figure  5.--Mortality of juvenile salnmnids subjected to 29" C fros designated 
control temperatlnes. 
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A t  29 C ( a n d  above), l o s s  of equ.i l j .brim b r a s  seldom prolonged; 

generally,.immediatc te tany occurred and t h e  f i s h  wou:Ld d ie  within 

minutes. No recovery occurred when s t r e s sed  f i s h  were immediately returned 

t o  t he  con t ro l  water temperature. . 

Fish subjected t o  29 C exhibited a v io l en t  react ion when placed 

i n t o  t h e  t e s t  tank. Movie fi lms s h a ~  t h a t  t he  e r r a t i c  (and v io l en t )  

swimming ac t ions  were apparently non-directional and i n  some instances  

seemed t o  be muscle spasms p r io r  t o  tetany.  It i s  doubtful t h a t  a f i s h  

involuntaril;): enter ing a heated eff luent ,  with water 1;emperatures i n  t he  

29 C range, could vo l i t i ona l ly  escape. 

APPUCATION TO EXISTING RIVER CONDITIONS 

Mihursky and Kennedy (1967) noted t h a t  thermal shock occurred 

when no acclimation t i n e  i s  due t o  an abrupt change i n  the  thermal 

enviroment .  Coutant (1970) u t i l i z e d  water temperatm-es of 26 C and above 

t o  thermzlly "shock" juvenile salmonids. Thermal shock a s  used i n  our 

repor t  was i d e n t i f i a b l e  a s  an obvious physical  response character ized by: 

(1 )  a t  26 C, progressively increasing a c t i v i t y  followed by a gradual l o s s  

of e q u i l i b r i m  an3 subsequent cessa t ion  of resp i ra tory  ac t ion  znd (2 )  a t  

29 C and above, imedia te  t e tany  and cessat ion of resp i ra tory  movenents. 

Results  of the  26 and 29 C shock t e s t s  could have app:lication i n  the  

Colmbia  River where it is possible t h a t  such tenpera:iWes can occur within 

t h e  o u t f a l l  of a thermal discharge f o r  varying periods of time depending 

on r i v e r  flows and ambient temperature. For example, t he  first death i n  

23 separate  t e s t s  occurred i n  l e s s  than 2 hours a t  26 C, and l e s s  than 2.5 



minutes a t  29 C. Death i s  so rapid at 29 C t ha t  it i s  doubtful i f  

juvenile f i s h  could esca-pe from the  danger area. Furt;hemore, 'a sublethal 

time exposure causing loss  of equilibrium could affect, the chances of f i s h  

t o  survive i n  the natural  environment. For example, C!outant (1969b) s ta ted  

t h a t  '%hen a f i s h  exhibits abnormal behavior from thermal shock it i s  

t I  ecologically dead through predation. Water temperatures i n  the  range of 

26 t o  30 C would, of course, be intolerable i n  the  Col.umbia River a t  a 

point below which thermal discharges a r e  thoroughly mixed with the r i v e r  

flow. A s  previously noted, however, such temperatwee are possible within 

thermal pluraes. Persistence of these l e t h a l  temperatures and the extent 

of f i s h  loss  t h a t  could occur within a plume w i l l  depend on physical 

charac ter i s t ics  of the r ive r  and the A T  and volume of' the thermal discharge. 

Obviously, i f  off-river cooling f a c i l i t i e s  are applied, f a r  greater  

protection would be afforded the  f i s h  due t o  reduced volume and area of 

the thermal plume and p r s i s t e n c e  of lethaltemperaturtes within the area 

of discharge. We, therefore, believe t h a t  charac ter i~r t ics  of thermal 

p lmes  and t h e i r  p t e n t i a l  e f fec t s  on aquatic b io ta  should be among the 

fac tors  considered i n  establ ishing trater qhality standards f o r  the 

Columbia River. 


