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E f f e c t s  of Hanford Reactors  
on Columbia River  

and Adjacent  Land Areas 

The Hanford S i t e  and Ea r ly  Environmental S t u d i e s  

The Hanford s i t e  on t h e  ~ o l u m b i a  River  (F igure  ,1) was 

s e l e c t e d  a s  t h e  l ' oca t ion  of  t h e  plutonium produc t ion  p l a n t  

a f t e r  an i n t e n s e  nationwide s e a r c h  i n  1943 by t h e  Manhattan 

D i s t r i c t  of t h e  Corps of Engineers .  (The  Atomic Energy 

Commission was n o t  c r e a t e d  u n t i l  1946 and d i d  n o t  t a k e  over  

t h e  o p e r a t i o n  of t h e  Hanford P l a n t  u n t i l  January 1, 1947.)  

I n  a  very  r e a l  s ense ,  t h e  bioenvironmental  f a c t o r s  were 

dominant i n  t h e  choice  of  t h e  s i t e  and p robab ly  a t  no p r i o r  

t ime i n  h i s t o r y  was s o  much a t t e n t i o n  g iven  t o  t h e  p o t e n t i a l  

impact of an i n d u s t r i a l  p l a n t  on t h e  environment. Th i s  

a t t e n t i o n  was i n  p a r t  a  compensation f o r  t h e  complete absence 

of exper ience  wi th  any k ind  of  i n s t a l l a t i o n  t h a t  even re -  

motely resembled what was t o . b e  b u i l t  a t  Hanford. I t  a l s o  

r e f l e c t e d  t h e  thoroughness wi th  which t h e  s c i e n t i s t s  asso-  

c i a t e d  w j t . h  t h e  project delved into a l l  of th'c t c o h n i c s l  

f a c e t s .  

The o r i g i n a l  miss ion  of t h e  . . 11an'ford P l a n t  was t o  pro- 

duce ah a r t i f i c i a l  element (plutonium) t h a t  was n o n e x i s t e n t  

p r i o r  t o  1941. Without a  Hanford p lan t . ,  plutonium would 

e x i s t  on ly  i n  mi l l ig ram q u a n t i t i e s  and a s  a  l a b o r a t o r y  c u r i -  

o s i t y .  Manford was needed because it was b e l i e v e d  t h a t  

l a r g e  amounts of plutonium could  be fash ioned  i n t o  an a tomic 

bomb t h a t  would s w i f t l y  b r i n g  an end t o  World War 11. But,  . 
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a t  t h e  t i m e  t h a t  Hanford was chosen a s  t h e  p lu ton ium s i t e ,  

it was n o t  known p o s i t i v e l y  t h a t  t h e  r e a c t o r s  which had been 

conceived a s  t h e  means o f  c r e a t i n g  p lu ton ium from uranium 

would a c t u a l l y  o p e r a t e .  Nor was it known p o s i t i v e l y  whether  

t h e  p lu tonium c r e a t e d  i n  t h e  r e a c t o r s  would a c t u a l l y  work 

a s  an  atoinic bomb. 

The b a s i c  p r o c e s s  t o  be  c a r r i e d  o u t  a t  Hanford was 

t o  change uranium atoms i n t o  p lu tonium atoms and t h e n  t o  

r e c o v e r  t h e  p lu tonium i n  h i g h l y  p u r i f i e d . f o r m  by chemica l  

e n g i n e e r i n g  and m e t a l l u r g i c a l  t e chn iques .  Thus t h e  Hanford 

complex would r e q u i r e :  (1) A f u e l  f a b r i c a t i o n  p l a n t  where 

pu re  uranium cou ld  b e  f a sh ioned  and j a c k e t e d  i n t o  e lements  

s u i t a b l e  f o r  i r r a d i a t i o n ;  ( 2 )  r e a c t o r s  where t h e  uranium 

f u e l  e lements  cou ld  be i r r a d i a t e d  and t h e  p lu ton ium produced;  

( 3 )  chemical  s e p a r a t i o n  p l a n t s  where t h e  i r r a d i a t e d  f u e l  

cou ld  be  p roce s sed  and t h e  p lu tonium r ecove red ;  and ( 4 )  was t e  

s t o r a g e  and r e t e n t i o n  are?as wher.& h i g h l y  r a d i o a c t i v e '  chemica l  

s o l u t i o n s  cou ld  be k e p t  i s o l a t e d '  from t h e  environment  f o r  
. . 

very  l ong  p e r i o d s  o f  t i m e .  

According t o  t h e o r y ,  a  c h a i n  r e a c t i o n  o f  f i s s i o n i n g  

uranium.atoms cou ld  supp ly  t h e  f l u x  o f  n e u t r o n s  r e q u i r e d  

t o  c r e a t e  p lu ton ium a t u l ; ~ s  from some o f  t h e  n o n f i s s i o n i n g  

urani-nm atoms i n  t h e  f u e l  e lements .  The c h a i n  r e a c t i o n  would, 

however, r e l e a s e  v e r y  l a r g e  q u a n t i t i e s  o f  h e a t  t h a t  cou ld  

b e s t  be  removed by a  water-cooled  system. The c h a i n  r e a c t i o n  

would a l s o  l e a v e  a s  dkbr i s  h i g h l y  r a d i o a c t i v e  f ragments  
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o f  t h e  uranium atoms ( f i s s i o n  p r o d u c t s )  t h a t  would eventu-  

a l l y  have t o  be  s t o r e d  a s  was te .  F u r t h e r ,  any m a t e r i a l  i n  

t h e  n e a r  v i c i n i t y  o f  t h e  c h a i n  r e a c t i o n  would be  bombarded 

by s t r a y  neu t rons  and " n e u t r o n - a c t i v a t e d "  r a d i o i s o t o p e s  

would be  formed. 

The Hanford s i t e  had t h e  n e c e s s a r y  a t t r i b u t e s  re- 

q u i r e d  t o  m e e t  b o t h  t h e  known and unexplored a s p e c t s  o f  t h e  

p.lutonium p r o d u c t i o n  p r o c e s s .  The Columbia R ive r ,  w i t h  a  

f low second o n l y  t o  t h e  M i s s i s s i p p i  i n  t h e  conterminous  

Uni ted  S t a t e s ,  was a v a i l a b l e  f o r  c o o l i n g  w a t e r ,  and it cou ld  

be  rel ied upon t o  d i l u t e  t o  s a f e  l e v e l s  t h e  k i n d s  and quan- 

t i t i e s  o f  r a d i o n u c l i d e s  a n t i c i p a t e d  i n  t h e  r e a c t o r  c o o l a n t .  

The s i t e  was s p a r s e l y  popu l a t ed  and a g r i c u l t u r a l  development 

was minimal.  Thus t h e  government cou ld  a c q u i r e  and m a i n t a i n  

t i g h t  s e c u r i t y  on a  r e l a t i v e l y  l a r g e  c o n t r o l  zone w i t h  t h e  

d i s r u p t i o n  o f  t h e  home and farm s i tes  of  r e l a t i v e l y  few 

peop le .  The was t e  s t o r a g e  a r e a s  cou ld  be  l o c a t e d  w e ' l l  i n -  

l and  from t h e  r i v e r  where t h e r e  was a  deep (20'0 t o  303 f e e t )  

l a y e r  o f  d r y  s o i l  above t h e  water t a b l e .  The a tmosphere  

was r e l a t i v e l y  u n s t a b l e  most o f  t h e  t i m e  and t h u s  f a v o r a b l e  

f o r  t h e  r a p i d  d i s p e r s a l  o f  a i r b o r n e  was t e s .  The s e m i a r i d  

climate f avo red  year-round c o n s t r u c t i o n  a c t i v i t i e s  and p l a n t  

o p e r a t i o n ,  even though the summers w e r e  uncomfor tably  h o t .  

F i n a l l y ,  a n  adequa t e  b lock  o f  e lec t r i c  power was a v a i l a b l e  

from t h e  h y d r o e l e c t r i c  dams on t h e  r i v e r  t o  supp ly  t h e  heavy 

demands o f  t h e  pumpE and o t h e r  p r o c e s s  equipment.  



Cons idera t ion  of  t h e  p o t e n t i a l  e f f e c t s  of t h e  

e f f l u e ~ ~ l s  Irom t h e  Hanford p l a n t s  on t h e  environment in -  

c luded a t  t h e  o u t s e t :  

The impact  of r e l e a s e s  t o  t h e  atmosphere on vege- 

t a t i o n ,  n a t i v e  and domestic an imals ,  and people-- 

w i th  s p e c i a l  a t t e n t i o n  t o  t h e  t r a n s f e r  of  rad io-  

a c t i v e  contaminants through v e g e t a t i o n  t o  g raz ing  

animals.  

The impact of r e l e a s e s  t o  t h e  Columbia River  on 

t h e  va luab le  f i s h e r y  r e sou rces  of t h e  r i ve r - -  

e s p e c i a l l y  salmon--and on people  who used t h e  

r i v e r  a s  a  sou rce  of  d r i n k i n g  wate r  and r e c r e a t i o n .  

The impact of  r e l e a s e s  t o  t h e  ground on t h e  qua l -  

i t y  of t h e  groundwater. 

The e a r l i e s t  s t u d i e s . t h a t  were under taken t o  determine 

t h e  p o s s i b l e  impact of  t h e  p l a n t  e f f l u e n t  on Columbia River  

f i s h  were a c t u a l l y  begun a t  t h e  Un ive r s i t y  o f  Washington's-  

school '  of  F i s h e r i e s .  One reason  f o r  t h i s  was t iming-- the  

studies were begun i n  1 9 4 3 ,  w e l l  over  a  y e a r  b e f o r e  t h e  

. f i r s t  r e a c t o r  s t a r t e d  o p e r a t i o n .  Another r ea son  was s e c u r i -  

ty - - in tense  s ec recy  a p p l i e d  t o  t h e  Hanford P l a n t  p r i o r  t o  

t h e  d e t o n a t i o n  of t h e  f i r s t  atomic bomb, and s c i e n t i s t s  

u s ing  r a d i a t i o n  o r  r a d i o i s o t o p e s  w e r e  purpose ly  k e p t  d i s -  

s o c i a t e d  from t h e  produc t ion  s i t e .  

The f i r s t  of  t h e  t h r e e  o r i g i n a l  r e a c t o r s  b u i l t  a t  

Hanford began o p e r a t i o n  i n  September 1944, t h e  second was 
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s t a r t e d  up l a t e r '  i n  1944, and t h e  t h i r d  came on t h e  l i n e  

e a r l y  i n  1945. By mid 1945,  s t u d i e s  on t h e  t o x i c i t y  o f  t h e  

r e a c t o r  e f f l u e n t  t o  f i s h  had begun i n  a  s p e c i a l  l a b o r a t o r y  

b u i l t  f o r  t h e  purpose  on t h e  Hanford Rese rva t i on  a t  t h e  

100-F r e a c t o r  s i te .  T h i s  b ioa s say - type  t e s t  showed t h a t  

t h e  c o n c e n t r a t i o n s  o f  e f f l u e n t  t h a t  e x i s t e d  i n  t h e  Columbia 

River  downstream from t h e  r e a c t o r s  were n o t  harmful  t o  

' t r o u t  and salmon. 

F i e l d  work on t h e  r i v e r  s p e c i f i c a l l y  concerned w i t h  

f i s h  and o t h e r  b i o t a  was begun i n  1946. A t  t h e  o u t s e t  t h e s e  

s t u d i e s  w e r e  d e s igned  t o  e x p l o r e  t h e  p o s s i b i l i . t y  t h a t  r a d i o -  

n u c l i d e s  r e l e a s e d  t o  t h e  r i v e r  w i t h  t h e  r e a c t o r  e f f l u e n t  

were p i cked  up by f i s h  and o t h e r  a q u a t i c  forms.  With t h e  

r e c o g n i t i o n  t h a t  t h e  r i v e r  b i o t a  w e r e  c o n c e n t r a t i n g  c e r t a i n .  

r a d i o n u c l i d e s ,  more comprehensive b ioenv i ronmen ta l  s t u d i e s  

w e r e  b e g u n . i n  1947 t h a t  i n c l u d e d  b e n t h i c  i n v e r t e b r a t e s  a s  

w e l l  a s  f i s h .  

By 1949 t h e  l a b o r a t o r y  and r i v e r  s t u d i e s  a t  Hanford 

had shown t h a t  t h e  f i s h e r i e s  r e s o u r c e s  o f  ' t h e  Columbia w e r e  

n o t  t h r e z t e n e d  by t h e  p lu tonium p l a n t ,  nor  was t h e r e  any 

h e a l t h  haza rd  t o  peop l e  who used t h e  r i v e r  and i t s  f i s h .  

On t h e  o t h e r  h a n d ,  it w a s  a l c o  recognized t h a t  Lhe recurl- 
. .- 

c e n t r a t i o n  o f  snme radio nuclide^ by a q u a t i c  forms was a  

v e r y  i m p o r t a n t  mechanism by which r a d i o a c t i v e  was t e  cou ld  

be  r e t u r n e d  t o  man. F u r t h e r ,  it was r ecogn i zed  t h a t  t h e  

h e a t  and p r o c e s s  chemica l s  (sodium dichromate) added t o  



t h e  r i v e r  w i th  t h e  r e a c t o r  e f f l u e n t  could adve r se ly  a f f e c t  

a q u a t i c  l i f e  i f  t h e  q u a n t i t i e s  were i h c r e a s e d  by perhaps  

an o r d e r  of  magnitude. Consequently,  long-range p l a n s  f o r  

b ioas say  and bioenvironmental  s t u d i e s  were formulated and 

a  permanent a q u a t i c  b io logy  l a b o r a t o r y  was c o n s t r u c t e d  i n  

t h e  1-00-F Area i n  1952. 

The sec recy  t h a t  shrouded t h e  Hanford s i t e  from i t s  

4concept ion  through t h e  f i r s t  months o f  o p e r a t i o n  was l i f t e d  

a b r u p t l y  i n  August of  1945 w i t h  t h e  d e t o n a t i o n  of  t h e  atomic 

bombs over  Hiroshima and Nagasaki. From t h i s  t ime on,  a  

conce r t ed  e f f o r t  was made t o  inform o t h e r  government agenc ie s ,  

i n t e r e s t e d  s c i e n t i s t s  and t h e  p u b l i c  of  t h e  k ind  o f  opera- 

t i o n s  c a r r i e d  o u t  a t  Hanford and o f  t h e  s t u d i e s  underway t o  

a s c e r t a i n  t h e  impact of  t h e  p i a n t  e f f l u e n t s  on t h e  environ-  

ment. S e c u r i t y  r e s t r i c t i o n s  were no longe r  a p p l i e d  t o  t h e  

bioenvironmental  s t u d i e s  excep t  f o r  d a t a  t h a t  might d i s c l o s e  

t h e  c a p a c i t y  of t h e  p l a n t  o r  c e r t a i n  t e c h n i c a l  d e t a i l s  of 

t h e  plutonium produc t ion  p roces s .  La t e  i n  1945 and du r ing  

1946 r e p r e s e n t a t i v e s  of  t h e  U .  5.-Fish and W i l d l i f e  S e r v i c e  

and t h e  Oregon and washington Departments of  F i s h e r i e s  and 

Game were i n v i t e d  t o  Hanford t o  observe t h e  s i t e  and review 

t h e  s t u d i e s  underway t h a t  involved t h e  Columbia River .  

I n  1949 t h e  AEC s e t  up . t h e  Columbia River  Advisory 

Group (CRBG) t o  review t h e  Columbia River  program and i t s  

r e s u l e s  and t o  p rov ide  adv ice  on program d i r e c t i o n  and 

waste  d i s p o s a l  p r a c t i c e s .  The members of CRAG were s e n i o r  

o f f i c e r s  i n  t h e  Washington P o l l u t i o n  Con t ro l  C,om.ission,  
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t h e  Washington S t a t e  Department o f  Hea l t h ,  t h e  Oregon 

S t a t e  S a n i t a r y  ~ u t h o r i t y ,  and t h e  P o r t l a n d  O f f i c e  o f  t h e  

U. S. P u b l i c  Hea l th  S e r v i c e .  These men w e r e  p rov ided  w i t h  

s e c u r i t y  c l e a r a n c e  s o  t h a t  no p e r t i n e n t  i n f o r m a t i o n  was 

w i t h h e l d .  CRAG m e t  a t  i r r e g u l a r  i n t e r v a l s  o v e r  a  span  o f  

a b o u t  1 5  y e a r s .  

During t h e  e a r l y  1950 ' s  much a t t e n t i o n  was focused'  

on  t h e  tremendous p o t e n t i a l  f o r  e l e c t r i c a l  power p r o d u c t i o n  

from c o n t r o l l e d  c h a i n  r e a c t i o n s ,  and i n  1955 t h e  F i r s t  

I n t e r n a t i o n a l  Conference  on t h e  P e a c e f u l  U s e s  of  Atomic 

Energy was h e l d  i n  Geneva, S w i t z e r l a n d ,  under  t h e  a u s p i c e s  

o f  t h e  Uni ted  Na t ions .  T h i s  confe rence '  p rov ided  t h e  f i r s t  

o p p o r t u n i t y  t o  d e s c r i b e  t h e  b i o e n v i r o n ~ n e n t a l  s t u d i e s  of  t h e  

Columbia t o  a n  i n t e r n a t i o n a l  aud i ence ,  and t h i s  was done 

i n  t h r e e  pape r s .  Second and t h i r d  "Geneva" con fe r ences  

w e r e  h e l d  i n  1958 and 1964,  and new d a t a  w e r e  r e p o r t e d  a t  

each  of t h e s e  mee t ings .  I 

With t h e  r e p o r t i n g  o f  i n v e s t i g a t i o n s  th rough  1959, 

both  t h e  s c i e n t i t i c  community and t h e  g e n e r a l  p u b l i c  ac-  
I 

q u i r e d  some a p p r e c i a t i o n  of  t h e  e x i s t e n c e  o f  r a d i o n u c l i d e s  

i n  t h e  n a t u r a l  environment ,  and b road  i n t e r e s t  i n  e x t e n d i n g  

t h e  scope  o f  t h e  b ioenv i ronmen ta l  s t u d i e s  was g e n e r a t e d .  

A p a r t  o f  t h i s  i n t e r e s t  was i n  t h e  u s e  o f  t h e  r a d i o a c t i v e l y  

t agged  Columbia R ive r  w a t e r  a s  a  . t o o l  f o r  s t u d y i n g  t h e  dynam- 

ics of t h e  p h y s i c a l ,  chemica l  and b i o l o g i c a l  sys tems o f  t h e  

r i v e r  and a d j a c e n t  P a c i f i c  Ocean, and a  p a r t  o f  t h e  i n t e r e s t  



was focused on t h e  f a t e  of t h e  n u c l i d e s  a s  a  p r a c t i c a l  demon- 

s t r a t i o n  of t h e  behavior  o f  r a d i o a c t i v e  was tes  i n  r i v e r ,  

e s t u a r i n e  and marine environments.  I n  o r d e r  t o  c a r r y  o u t  

t h e  extended program, t h e  AEC p l a c e d s e v e r a l  new c o n t r a c t s  

w i th  groups t h a t  were uniquely  equipped t o  under take t h e  

work and t h a t  had a  s p e c i a l  i n t e r e s t  i n  doing i t . .  These 

inc luded  t h e  Bureau of Commercial F i s h e r i e s ,  t h e  Department 

of  Oceanography of  t h e  Un ive r s i t y  of Washington, t he .Depa r t -  

ment of  Oceanography of Oregon S t a t e  U n i v e r s i t y ,  and t h e  

U .  S. Geologica l  Survey. Some of t h e  e f f o r t s  of  t h e  un iver -  

s i t y  of Washington Laboratory of  Radia t ion  Ecology (Applied 

F i s h e r i e s )  and of  t h e  Hanford l a b o r a t o r i e s  were a l s o  r e -  

d i r e c t e d  so as t o  c o n t r i b u t e  even more f u l i y  t o  t h e  o v e r a l l  

program. A program coord i -na t ing  o r g a n i z a t i o n ,  c a l l e d  t h e  

Working Committee f o r  Columbia River  S t u d i e s ,  was formed i n  

1962 t o  h e l p  u n i f y  t h e  e f f o r t s .  

The Hanford Reactors  a s  a  Source of Radionucl ides  

Although no water-cooled r e a c t o r . h a d  e v e r  ope ra t ed  

b e f o r e  t h e  s t a r t u p  o t  t h e  1 0 0 - B  u n i t  a t  Hanford i n  September 

of  1944, t h e  presence  of a  complex mix ture  of  r a d i o n u c l i d e s  

i n . t h e  e f f l u e n t  wate r  was p r e d i c t e d  on t h e  b a s i s  of  t h e  

des ign .  This  p r e d i c t i o n  prompted t h e  s t u d i e s  on t h e  e f f e c t s  

of  r a d i a t i o n  on f i s h  t h a t  were initiated a t  t h e  UniversiLy 

of Washington i n  1943, and it a l k o  prompted t h e  i n c l u s i o n  of  

s p e c i a l  s t r u c t u r e s  (F igure  2 )  and p r e c a u t i o n s  t o  assure .  t h a t  

exces s ive  amounts of  t h e  r a d i o a c t i v e  contaminants  were n o t  
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r e l e a s e d  t o  t h e  Columbia River .  The s t r u c t u r e s  inc luded  

l a r g e  c o n c r e t e  r e t e n t i o n  b a s i n s  where t h e  e f f l u e n t  could be 

h e l d  f o r  a  few hours  b e f o r e  r e l e a s e .  Even such b r i e f  re -  

t e n t i o n  al lowed s i g n i f i c a n t  r a d i o a c t i v e  decay of  many of 

t h e  very  s h o r t - l i v e d  n u c l i d e s .  

The major source  of t h e  r a d i o n u c l i d e s  i n  t h e  e f f l u e n t  

was c o r r e c t l y  p r e d i c t e d  t o  be from t h e  neu t ron  a c t i v a t i o n  

of e lements  d i s s o l v e d  i n  t h e  c o o l i n g  wate r  o r  p r e s e n t  on 

t h e  s u r f a c e s  of t h e  r e a c t o r  p i p i n g  and f u e l  e lements .  The 

o r i g i n a l  .Hanford r e a c t o r s  were designed s o  t h a t  t h e  c y l i n -  1 

d r i c a l  f u e l  p i e c e s  of uranium l a i d  a s  long  h o r i z o n t a l  

columns i n s i d e  of l a r g e  aluminum tubes .  When t h e . . r e a c t o r s  

a r e  o p e r a t i n g ,  t h e  process  of atomic f i s s i o n  c r e a t e s  much 

h e a t  w i t h i n  t h e  f u e l  p i e c e s  t h a t  must be  c a r r i e d  away. I n  

o r d e r  t o  keep t h e  tempera ture  a t  d e s i r e d  l e v e l s ,  c o o l i n g  

wate r  i s  pumped through t h e  aluminum tubes  and pas ses  

through a  space  between t h e  f u e l  e lements  and t h e  t ube  w a l l .  

The s u r f a c e  of  t h e  f u e l  e lements  i s  an aluminum ( o r  i n  

recer i t  yeaEs a zirconium) j a c k e t  t h a t  p r e v e n t s  t h e  uranium 

meta l  from c o n t a c t i n g  t h e  c d o l i n g  wate r .  

There a r e  n ine  r e a c t o r s  l o c a t e d  a long  t h e  banks of 

t h e  Columbia River ,  bu'c on ly  two of them now remain i n  oper-  

a t i on - - the  o t h e r  seven have been s h u t  down because t h e  

p r e s e n t  demand f o r  plutonium i s  no longe r  g r e a t  enough t o  

r e q u i r e  t h e i r  o u t p u t .  One of  t h e  two r e a c t o r s  remaining i n  

o p e r a t i o n  produces bo th  plutonium and s t e a m ' f o r  t h e  genera- 

t i o n  of e l e c t r i c i t y .  This  dual-purpose r e a c t o r ,  c a l l e d  t h e  
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N-@reactor, more c l o s e l y  resembles contemporary power genera- 

t i n g  r e a c t o r s  because i t s  primary coo l ing  system i s  a  c lo sed  

loop t h a t  i s  i s o l a t e d  from t h e  h e a t  s ink-- the  Columbia River .  

The o t h e r  o p e r a t i n g  r e a c t o r  (100-KE) is  a  plutonium-only 

u n i t  and, l i k e  t h e  seven shutdown r e a c t o r s ,  i s  cooled d i r e c t l y  

w i t h  Columbia River  wate r  r a t h e r  t han  by a r e c i r c u l a t i n g  loop.  

The e f f l u e n t  o f  KE-reactor (and i t s  shutdown s i s t e r  

r e a c t o r s  when they  were i n  o p e r a t i o n )  c o n t a i n s  a  g r e a t  v a r i e t y  

of nuc l ides  because of  t h e  neu t ron  a c t i v a t i o n  of n a t u r a l  con- 
.- - 

s t i t u e n t s  p r e s e n t  i n  t h e  r i v e r  wa te r , .  some chemicals  added 

t o  t h e . c o o l a n t ,  and c o r r o s i o n  produc ts  f l u s h e d  from t h e  s u r -  

f a c e  of t h e  f u e l  e lements  and f u e l  channe ls .  'The e f f l u e n t  

a l s o  c o n t a i n s  r e l a t i v e l y  sma l l  amounts o f  f i s s i o n  produc ts  

t h a t  r e s u l t  from t h e  f i s s i o n i n g  of uranium p r e s e n t  n a t u r a l l y  

i n  t h e  r i v e r  wate r  and,  o c c a s i o n a l l y ,  f r 0 m . a  f a i l u r e  of t h e  

aluminum o r  zirconium j a c k e t  of a  f u e l  e lement .  Thus, t h e  

e f f l u e n t  from Hanford r e a c t o r s  c o n t a i n s  v i r t u a l l y  every ' 

kind  of r a d i o n u c l i d e  l i k e l y  t o  be  encountered i n  t h e  l i q u i d  

was tes  of contemporary l i g h t  wa te r  power r e a c t o r s ,  b u t  i n  

q u a n t i t i e s  s u b s t a n t i a l l y  g r e a t e r  than  i s  c h a r a c t e r i s t i c  of 

u n i t s  w i t h  r e c i r c u l a t i n g  primary loops .  F igu re  3 ,  which was 

drawn s e v e r a l  y e a r s  ago when a l l  of  t h e  d i r e c t - c o o l e d  reac-  

t o r ~  were o p e r a t i n g ,  emphasizes t h e  g r e a t  difference i n  

r a d i o n u c l i d e  d i s c h a r g e  between t h e  plutonium produc t ion  

r e a c t o r s  and r e a c t o r s  designed f o r  t h e  g e n e r a t i o n  of  e l e c -  

t r i c i t y .  I t  should a l s o  be  emphasized t h a t  t h e  d i s c h a r g e  



today i s  much l e s s  t han  shown i n  F igure  3 because on ly  one 

of t h e  d i r ec t - coo led  r e a c t o r s  remains i n  o p e r a t i o n .  

When t h e  d e s i r e d  amount of  plutonium has  b u i l t  up 

i n  t h e  f u e l  e lements ,  they  a r e  d i scha rged  from t h e  r e a c t o r s  

and t r a n s p o r t e d  t o  t h e  chemical  s e p a r a t i o n s  p l a n t s  l o c a t e d  

on a  p l a t e a u  i n  t h e  c e n t e r  o f  t h e  r e s e r v a t i o n  (F igu re  4 ) .  

H e r e  t h e  e lements  a r e  d i s s o l v e d  and t h e  plutonium i s  re- 

covered by an o r g a n i c  s o l v e n t  p rocess .  (Only t h e  Pu rex .  

p l a n t  i s  now i n  o p e r a t i o n  because it can e a s i l y  handle  t h e  

o u t p u t  from t h e  two r e a c t o r s  remaining i n  o p e r a t i o n . )  D i s -  

s o l u t i o n  of  t h e  f u e l ' e l e m e n t s  a l lows  gaseo.us and quas i -  

gaseous f i s s i o n  produc ts  t o  e n t e r  t h e  pr0ces.s system. This  

i n c l u d e s  noble  g a s s e s , . i o d i n e ,  t r i t i u m  and ruthenium. 

E l a b o r a t e  clean-up systems minimize t h e  amounts of  t h e s e  

a i r b o r n e  r a d i o n u c l i d e s  t h a t  reach  t h e  atmosphere. 

None.of t h e  l i q u i d  waste  from t h e  chemical  s e p a r a t i o n s  

p l a n t s  goes d i r e c t l y  back t o  t h e  Columbia River .  The h igh ly  

r a d i o a c t i v e  1 i q u i d s . a r e  s t o r e d  i n  underground t anks  and 

e v e n t u a l l y  evapora ted  t o  a  nonf1ui.d s a l t  cake.  Less rad io-  

a c t i v e  l i q u i d s . ( m o s t l y  t h e  cleaned-up , l i q u i d s  from t h e  waste  

c o n c e n t r a t i o n  p roces ses )  a r e  r e l e a s e d  i n t o  t h e  s o i l  which 

e f f e c t i v e l y  r e t a i n s  nos t  nf t h e  n u c l i d e s  more than  2 0 0  f e e t  

above t h e  groundwater.   he q u a n t i t i e s  s f  r a d i o n u c l i d e s  t h a t  

e v e n t u a l l y  reach  t h e  Columbia River  v i a  t h e  groundwater a r e  

n e g l i g i b l e .  

Very soon a f t e r  t h e  r a d i o n u c l i d e s  e n t e r  t h e  r i v e r  

w i t h  t h e  r e a c t o r  e f f l u e n t ,  major p o r t i o n s  of most of  them 



become adsorbed on suspended sediments or taken up by the 
Y, 

phytoplankton. The radioisotopes of biologically impor- 

tant elements enter the food web and are ultimately de- 

posited in fish and other organisms that may be used as 

food by man. However, the fraction of the total inventory 

of radionuclides that is retained in aquatic animals is quite 

small. 'Further, a major part of the radioactivity is from 

very short-lived nuclides, and it diminishes appreciably 

with time and distance downstream. 

Deposition of the suspended sediments is of para- 

mount importance in the depletion of the nuclides from the 

river water, and McNary Reservoir--the first impoundment 

downstream from Hanford--is an effective trap. On the basis 

of measurements of the quantities of radionuclides trans- 

ported by the river at Pasco and then downstream at Vancouver, 

the depletion in this 220 mile stretch of the Columbia varies 

from a minimum of about 10 percent for two common nuclides. 

to as much as 80 percent for several others during most of 

the year. A part of the longer-lived radioactive materials 

deposited with the sediments is resuspended by the spring 

freshet and again transported by the river. 

Some of the data on the flux of radioactive material 

in the Cnl.umhia has haen generated by research programs 

concerned with aquatic biology and with the sediments. .A 

major portion of it has also been generated by the Environ- 

mental Surveillance Program, however. This surveillance' 
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program i s  d i r e c t e d  p r i m a r i l y  toward t h e  e v a l u a t i o n  of t h e  

r a d i a t i o n  dose t o  man t h a t  r e s u l t s  from t h e  r e l e a s e  of 

t h e  radi .onucl ides  i n t o  t h e  environment. I n  o r d e r  t o  p rope r ly  

e v a l u a t e  t h e  dose ,  t h e  combined c o n t r i b u t i o n s  of a l l  o f  t h e  

Hanford f a c i l i t i e s  and a l l  of t h e  p o t e n t i a l  pathways of 

exposure  have t o  be  taken.  i n t o  account .  F igu re  5 shows sev- 

e r a l  of t h e s e  pathways. The Columbia River  i s  used a s  a 

water supply f o r  t h e  c i t i e s  of  Richland,  Kennewick and Pasco. 

I t  is  a l s o  used f o r  i r r i g a t i o n  on smal l  farms t h a t  i n c l u d e  

d a i r y  cows, beef c a t t l e ,  f r u i t ,  hay , . and  fami ly  gardens .  

F u r t h e r ,  t h e  r i v e r  i s  t h e  c e n t e r  of  r e c r e a t i o n  f o r  t h e  l o c a l  

a r e a  and provides  f i s h i n g ,  waterfowl hunt ing ,  b o a t i n g ,  wate r  

s k i i n g ,  and p i cn i ck ing .  The many smal l  farms and gardens  

o f  t h e  a r e a  a l s o  prov ide  t h e . t y p i c a 1  exposed s u r f a c e s  of  . 

p a s t u r e  g r a s s  and l e a f y  vege tab l e s  upon which a i r b o r n e  mate- 

r i a l s  can s e t t l e .  Thus, of  t h e  many conce ivab le  exposure  

pathways t h a t  could be a s s o c i a t e d  wi th  n u c l e a r  power reac-  

t o r s ,  v i r t u a l l y  a l l ' o f  them a r e  a v a i l a b l e  and have been 

s t u d i e d  i n  t h e  envi rons  of t h e  Hanford P l a n t .  Marine path-  

ways a r e  n o t  c l o s e  a t  hand, b u t  t h e  Columbia River  does 

empty i n t o  t h e  P a c i f i c  Ocean some 380 m i l e s  downstream from 

t h e  r e a c t o r s ,  and r e s i d u a l  amounts of  t h e  waterborne n u c l i d e s  

a r e  a v a i l a b l e  t o  s h e l l f i s h  and o t h e r  food cha ins  of t h e  ocean 

a long  t h e  adjacenk c o a s t s  of Oregon and Washington. 

About 90,000 people  l i v e  nea r  t h e  Hanford p ro j ec t - -  

either i n  t h e  ' l ' r i -C i t i e s  o r  i n  t h e  a g r i c u l t u r a l  a r e a  n e a r . b y .  



Because of t h e  v a r i e t y  of foods and beverages  a v a i l a b l e  

t o  t h e s e  people ,  t h e  d i f f e r e n t  amounts o f  r a d i o n u c l i d e s  they 

c o n t a i n ,  and because of d i f f e r e n t  home si tes and r e c r e a t i o n a l  

p r e f e r e n c e s ,  no two i n d i v i d u a l s  have p r e c i s e l y  t h e  same in-  

t a k e  of  r a d i o n u c l i d e s . o r  encounte r  q u i t e  t h e  same r a d i a t i o n  

exposure.  The r e s i d e n t s  of  Richland t a k e  i n  more r ad io -  

n u c l i d e s  w i th  t h e i r  d r i n k i n g  wate r  t han  do t h e  r e s i d e n t s  

o r  Pasco o r  Kennewick, wh i l e  t h e  i n h a b i t a n t s  of t h e  a g r i c u l -  

t u r a l  a r k a s ,  who d e r i v e  t h e i r  wate r  from w e l l s ,  r e c e i v e  

v i r t u a l l y  no 'exposure from t h e i r  d r i n k i n g  water .  

Although f i s h i n g  i s  a popular  r e c r e a t i o n  i n  t h e  T r i -  

C i t y .  a r e a ,  on ly  a  small '  f r a c t i o n  of  t h e  t o t a l  popu la t ion  

a c t u a l l y  c a t c h  and e a t  f i s h  t h a t  i n h a b i t  t h e  Columbia River 

downstream from t h e  r e a c t o r s .  Assessment of  t h e  i n t a k e  o f .  

n u c l i d e s  wi th  t h e  consumption o f  l o c a l  f i s h  i s  e s p e c i a l l y  

complex because t h e  q u a n t i t y  of f i s h  consumed by ind2v idua l s  

ranges  from zero (many f ishermen do n o t  l i k e  t o  e a t  f i s h )  t o  

s e v e r a l  meals a  week a t  t imes  when f i s h i n g  i s  e s p e c i a l l y  good. 

So many combinations of  . t h e  v a r i o u s  sou rces  of exposure 

a r e  p o s s i b l e ,  t h a t  t h e  g e n e r a l  populat . ion i n ' t h e  v i c i n i t y  

of  t h e  Ilanford p 1 a n . t ~  cannot  be  cons idered  t o  be  "homogeneous" 

i n  r e s p e c t  t o  some "average"  dose  r ece ived  as a  r e s u l t  o f  

p l a n t  o p e r a t i o n s .  Most i n d i v i d u a l s  a c q u i r e  r a d i o n u c l i d e s  

t h a t  a r e  t r a n s p o r t e d  by t h e  Columbia River  on ly  v i a  t h e  

d r i n k i n g  wate r  s u p p l i e s  of t h e  c i t i e s  of Richland,  Pasco,  

and Kennewick, h11t. a very f e w  i n d i v i d u a l s  a c q u i r e  much g r e a t e r  

32 q u a n t i t i e s  of P and - 6 5 ~ n  from l o c a l  f i s h  and waterfowl .  
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We are deeply indebted to Mr. John Biggs and his 

former staff in the State Game Department for the assistance 

they have provided in determining the kinds and amounts of 

fish and game harvested and eaten by local sportsmen. It 

is the results of the surveys made largely by the Game Depart- 

ment personnel that we use to estimate radionuclide intake 

from these sources. 

Because of the wide differences in peoples' habits 

and thus .their exposure to environmental sources of radio- 

activity, the use of. some "average" exposure for any sig- 

nificant number of people fails to call. attention to the 

much larger exposure received by the very few. On'the other 

hand, the magnitude of exposure received by the very few 

certainly should not be viewed as characteristic of the vast 

majority. In order to satisfy both conditions, two separate 

dose estimates are made; one is for the average resident 

of Richland; the other is for a hypothetical individual 

whose place of residence and personal habits result in the 

highest exposure that can rationally be postulated. 

Figure 6 shows the final result .of the.dose computa- 

tions for the "maximum individual" for the year 1968. (The 

evaluation for 1969 has been compleked, but the report is 

not yet off the press. The dose estimates for 1968 when 

four of the reactors were operating are below those calcu- 

lated for 1965 when all of the reactors were operating, but 

greater than for 1969 and 1970 when fewcr reaclu~s remained 
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i n  o p e r a t i o n . )  The " c r i t i c a l  organs"  of  i n t e r e s t  a r e  t h e  

bone, t h e  whole body, the .  g a s t r o i n t e s t i n a l  t r a c t ' ,  and t h e  

i n f a n t  t hy ro id .  For each of t h e s e  c r i t i c a l  organs  t h e  c a l -  

c u l a t e d  annual  dose  i s  shown a s  a  p e r c e n t  of  t h e  l i m i t  f o r  

i n d i v i d u a l  members of t h e  p u b l i c .  Also shown f o r  each 

organ a r e  t h e  c o n t r i b u t i o n s  t o  t h i s  dose c o n t r i b u t e d  by 

s p e c i f i c  r a d i o n u c l i d e s  ( o r  e x t e r n a l  gamma r a d i a t i o n )  and by 

s p e c i f i c  k inds  -of foods o r  beverages .  

The dose  t o  t h e  bone f o r  t h i s  y e a r  was e s t ima ted  a t  

about  250  m r e m ,  o r  17 p e r c e n t  of  t h e  l i m i t .  Most o f  t h i s  

i s  p o s t u l a t e d  t o  have r e s u l t e d  from i n g e s t i o n  of  r ad io -  

phosphorus t h a t  had accumulated i n  l o c a l  f i s h  which were 

caught  by sportsmen. The p e r c e n t  of  l i m i t  c a l c u l a t e d  f o r  

t h e  dose  t o  o t h e r  organs  was less than  i n  t h e  c a s e  of  t h e  

bone, and n u c l i d e s  o t h e r  t han  radiophosphorus were r e l a -  

t i v e l y  more impor tan t .  

F igu re  7 shows .da t a  s i m i l a r  t o  t h a t  of F igu re  6  b u t  

f o r  t h e  average Richland r e s i d e n t . .  The c a l c u l a t i o n s  f o r  

t h e  average r e s i d e n t  d i f f e r  from t h o s e  f o r  t h e  maximum in -  

d i v i d u a l  i n  two impor tan t  a s p e c t s .  F i r s t ,  t h e  dose  l i m i t s  

a r e  on ly  one - th i rd  a s  g r e a t  because popu la t ions  of  people  

a r e  involved  and second,  average r a t h e r  t han  dose-maximizing 

d i e t a r y  h a b i t s  a r e  used. 

The c a l c u l a t e d  bone dose f o r  t h e  average Richland 

r e s i d e n t  was 13  m r e m  o r  about  t h r e e  p e r c e n t  of  t h e  l i m i t .  

A s  i n  t h e  c a s e  of t h e  maximum i n d i v i d u a l ,  radiophosphorus  

was t h e  dominant n u c l i d e ,  b u t  t h e  average r e s i d e n t  e a t s  



hardly any fish caught from the river, so drinking water and 

produce from irrigated land become the most significant 

sources. 

In line with Federal Radiation Council recommendations, 

the most limiting case for ingestion of radioiodine is the 

infant thyroid. This is because of the relatively small 

size of the gland, in which iodine ingested with water and 

milk accumula.tes. These considerations lead to dose estimate 

of about 40 mrem to the average infant thyroid or'about eight 
:,. ,. 

percent of the limit. 

It may be noted from Figures 6 and 7 that the dominant 

environmental sources of radiation exposure are associated 

with the Columbia River (rather than the atmosphere) and with 

local foods and beverages. In order to determine the quan- 

tities of these items that.are consumed, several.thousands 

of local adults and children have been questioned about their 

food habits. The fish and waterfowl surveys carried out by 

the State Game Department and mentioned earlier are a part 

of this overall study. 

The conclusion that can be drawn from this work is that 

the calculated doses for the people who live in the vicinity 

of the large Hanford nuclear complex have always been well 

within the limits recommended by the Federal Radiation Council, 

the National Council on Radiation Protection and Weasurements 

and other authoritative groups. These calculated doses are 

based on excellent field data, on techniques that sum exposure 
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from the multiple sources, and on assumptions that tend to 

overstate the actual dose received.. The releases of radio- 

active materials from the Hanford plants to the atmosphere 

and to the Columbia River have been orders of magnitude 

greater than those that are associated with the normal oper- 

ation of power reactqrs of contemporary design. Consequently, 

the Hanford experience provides a substantial block of evi- 

dence that majpr nuclear installations can be operated for 

extended periods of time at verv small fractions of the dose 

limits now applicable to members of the general public. 

Radiation Effects on Fish and Waterfowl 

In addition to the potential radiation dose to man 

from the Hanford effluents, we must also take into cons'ider- 

ation the potential radiation effects on fish and wildlife. 

Possible effects of radiation on'these forms were uppermost 

in our minds when the studies on the effects of x-rays on 

fish were begun at the University of Washington in 1943, when 

aquatic laboratory at the 100-F reactor was established 

in 1945, and when field observations on Columbia River fish 

and waterfowl were started a few years later. 

The laboratory work in which actual reactor effluent 

was supplied continuously to troughs . . of fish soon showed that 

no adverse effect could be seen unless the concentration of 

the effluent was several times greater than existed in the' 

Columbia River. It was also shown that adverse effects that 

eventually occurred in the high concentrations after weeks 

of exposure.resulted not from radiation but from toxicity 
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of a form of chromium added to the cooling water as an aid 

in the prevention of corrosion. 

The research work at Hanford, at the University of 

Washington, and. at many other places all show that natural 

populations of fish and wildlife are not at risk from the 

levels of radiation in the environment that have to be main- 

tained in the interest of man., There are several reasons 

'for this. One is that fish and the lower forms of life are 
, - . / .  - 

more resistant to radiation than is man, another is that 

the dose limits f;r .man contain safety factors that are more 

stringent than are ordinarily applied to nonhuman species, 

and a third is that any'genetic defects are soon eliminated 

by natural selection. 

Fish eggs have been shown to he the life stage most 

sensitive to radiation, and estimates have bee.n made of the 

dose received by salmon.eggs deposited in the river below 

the Hanford reactors. . These dose estimates can be compared 

with radiation used studies made. at the University of 

Washington where chinook salmon eggs and fry were exposed 

chronically to radiocobalt. The radiation dose used initially 

at the University.of Washington was about 40 times the maxi- 

mum dose calculated for the eggs and fry in the Columbia 

River, and was about 1,000 times that of the natural 

background. Although the number.of abnormal fish.was in- 

creased by the irradiation, the size and number of finger- 

lings was not significantly affected. These young fish 

were then liberated and left to compete with natural stocks 
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ok fish in the ocean. When they returned as adults they 

were compared with similar but nonirradiated fish. Rather 

than showing any adverse effect, the irradiated stock ac- 

tually returned in greater numbers and pr~duced a greater 

total of viable eggs than the nonirradiated stock. 

I mentioned above that Columbia River fish accumulate 

radiophosphorus, radiozinc and a few other nuclides from 

the river, water and from food organisms. In order to deter- 

mine the amounts of. these radion~clide~ that can be deposited 

in fish before measurable radiation damage occurs, massive 

quantit;.es of the key nuclides were fed. to young trout for 

extended periods of time. Some of the results are shown in 

Figure 8. It turned out that radiophosphorus is potentially 

more damaging to the fish than radiostrontium and radiozinc 

because of its effect on blood-forming tissues. However', 

no ill effects were seen in trout that contained 100 times 

more radiophosphorus than was found in wild fish of 'the 

Columbia River. ~ a m i ~ e  did occur when the burden of radio- 

phosphorus was about 1,000 times that found .in river fish. 

Such high levels are entirely out of the question when the 

fish are to be used as food by people. In the case of radio- 

zinc, concentrativris in the fish 10,000 times greater than 

'in river fish produced nu detrimental effects. 

Besides the stocks of fish,. we have also had a keen 

interest in the waterfowl, especially the Western Canada 

Goose, that nest on the islands in Llle Columbia River. 

Because of their chosen nesting sites and the availability 
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of radionuclides in aquatic foods produced by the Columbia 

River the local waterfowl receive a greater exposure to 

radiation than other warm-blooded animals. The success of 

the nesting of the geese has, therefore, been followed since 

1950. Some of thedata is summarized in Figure 9. . During 

this 20 year period, hydroelectric development of the Columbia 

and Snake ~ivers has gradually 'inundated the natural. nesting 

sites of the geese to the extent that the Hanford population 

now occupies the only major remaining habitat on the Columbia. 

Maintenance of local Canada goose populations in the ~o'lumbia 

and Snake River,systems depends critically on nesting habitat, 

and this is almost exclusively dependent on islands. The 

inundation of the original nesting sites and.other factors 

affecting nesting success have been so great that one would 

not expect to see any subtle effect from.radiation. Also, 

substantial evidence was alreadyat hand 'that argued against 

any environmental damage from the Hanford plants. Neverthe- 

less, continued long-term observations were made to confirm 

the initial interpretations. .Infertile eggs were of prime 

interest because they. represented the measure of reproductive 

performance of adults reared and resident in the environs of 

Hanford. Average fertility of adults with such a historv 

has been about 97 percen-L which is equal' to or better than 

that reported from areas in which there has been no exposure 

to artificial environmental radiation.. Fertility ranged 

from 95 to 99 percent during the study, with no pattern with 

respect ,to time or location. Thus, the data indicate that 



neither the number of re.actors operating during any one 

time nor the proximity of the geese breeding ground to the 

reactors had a measurable effect upon khe geese. 

Secondary factors perturbing the goose populations 

were studied as well. These are predation (by coyotes, people 

and magpies, in that order) and destruction or desertion of 

nests due to natural flooding and water management techniques. 

'The predation factor is reflected in declining numbers of 
d 

nests for the area under study. Banding as well as nesting 

studies have been carried out, for both radioecological pur- 

poses end as a contri'bution to wildlife management practice. 

These population and banding studies have.been carried out in 

close booperation with both the State Game Department and 

the Bureau of Sportfish and Wildlife. 

The Hanford Reactors as a Source of Heat . 

The possible effect of waste heat from thermal power 

stations on the aquatic environment is one of the most in-' 

tensely discusse'd environmental topics of ths day. This prob- 

lem has bv no means been neg1ected'i.n the'overall bioenviron- 

mental effects studies carried out at Hanford. The earlier 

bioassay tests undertaken in 1945 included temperature as one 

parameter of interest, and the data, developed over the years 

in our laboratories and on the river near the effluent oi3t- 

falls has contributed substantia.11~ to the available knowledge 

on the effects of heat on salmon and trout. 

Before describing our work,on bioeffects of heat, some 



background in format ion  on t h e  n a t u r e  of t h e  r e a c t o r  e f f l u e n t  

and tempera ture  t r e n d s  of  t h e  Columbia River  a s  a  whole i s  

p e r t i n e n t .  I t  was po in t ed  o u t  e a r l i e r  t h a t  t h e  r a d i o a c t i v e  

c h a r a c t e r i s t i c s  of t h e  Hanford e f f l u e n t s  a r e  n o t  a t  a l l  

l i k e  t h o s e  o f  thermal  power s t a t i o n s .  The tempera ture  char-  

l a c t e r i s t i c s  of t h e  d i r ec t - coo led  Hanford r e a c t o r s  a r e  a l s o  

q u i t e  d i f f e r e n t .  Except f o r  t h e  N-reactor ,  t h e  purpose of 

the, h e a t  t r a n s f e r  systems i s  on ly  t o  keep t h e  f u e l  e lements  

from ove rhea t ing ,  and n o t  t o  produce steam t o  d r i v e  t u r b i n e s .  

Consequently.,  most o f ' t h e . t h e r m a 1  energy added t o , t h e  c o o l i n g  

wate r  i s  s t i l l  p r e s e n t  a t  t h e  t i m e  t h e  e f f l u e n t  reaches  t h e  

r i v e r .  Also,  because t h e  c o o l i n g  w a t e r  from t h e  plutonium- 

on ly  r e a c t o r s  i s  ' n o t  involved wi th .  t u r b i n e  e f f i c i e n c y ,  i t s  

tempera ture  i s  much h ighe r  t han  t h a t  of  t h e  coo l ing  wate r  

from e l e c t r i c a l  g e n e r a t i n g  p l a n t s .  I t  i s ,  i n  f a c t ,  s o  h o t  

t h a t  f i s h  cannot  s u r v i v e  i n  .it u n t i l  some d i l u t i o n  has  occur-  

r ed  i n  t h e  r i v e r .  

F igure  1 0  g i v e s  an i n d i c a t i o n  of t h e  t ype  of tempera- 

t u r e  p a t t e r n  t h a t  occu r s  immediately bclow n painL oL d i s -  

charge.  Temperature i n c r e a s e s  on t h e  o r d e r  of  15°C occur  

on ly  i n  p a r t i a l l y  d i l u t e d  s w i r l s  of  e f f l u e n t  immediately 

below t h e  o u t f a l l ,  and they  Las t  on ly  f o r  a few seconds 
I .  

b e f o r e  d i l u t i o n  w i t h  t h e  s w i f t  f low o f ' t h e  r i v e r  b r i n g s  t h e  

tempera ture  down. Neverthe. less,  t h e  ~ o t e n t i a l  f o r  an a c u t e  

e f f e c t  on sma l l  f i s h  i s  much g r e a t e r  i n  t h i s  mixing zone 

than  i n  one from a  thermal  power s t a t i o n  where t h e  tempera- 

L u r e  of t h e  u n d i l u t e d  c o o l i n g  wate r  i s  perhaps  on ly  8" t o  1 0 ° C  



-24- 

above that of the river. 

The local impact of the Hanford reactors on the Columbia 

River temperature as a whole can perhaps best be described 

in terms of the rise that occurs between Priest Rapids, up- 

stream from the Project, and Richland, which is below all of 

the facilities.' Over the past five years, hut including 1965 

when most of the reactors were still in operation, the aver- 

,age temperature difference between these two points was in 

the range of 0.6"~ to 1.5"C. This difference includes heating 

or cooling by the sun and atmosphere as well as the effects 

of the Hanford reactos. These annual average temperatures 

are associated with averagz flow rates in the range of 115,000 

to 134,000 cfs. The flow cates past Hanford are conkrulled 

by releases from Priest Rapids Dam, and this significantly 

affects the temperature thzt may be observed at any given 

time of day. It may be of interest to note that the annual 

average temperature increme-~ts just mentioned are equivalent 

to heat inputs (both naturil and artificial) between Priest 
, . 

Rapids and Rich-land that are  in' ,the range of 9,000 to 23,000 

. megawatts. 

Studies of the heat hudget of the river indicate that 

a majority of the heat add2d by the reactors is dissipated to 

the atmosphere before the water reaches the confluence of 

the Snake River. ~ t '  the Oregon-Washington border, about 35 

percent remains to be dissipated, but this varies from as 

little as five percent tc as much as 40 percent at different 

times of the year and under different weather conditions. 



Of the heat added to the river in the Hanford region, only 

20 percent or less is still present in the Columbia River 

in the vicinity of , Bonneville . Dam. . 
The comprehensive studies that have been made of the 

temperature regime of ,the Columbia River system in connection 

with the Hanford plants have revealed a number'of interesting 

facets that are assqciated with the impoundments behind the 

dams. A thorough analysis of the historic records indicates 

that the erection of low head reservoirs on the main stem of 

the Columbia River has not produced a significant change ink 

the annual average temperature of the river. The increase in -. 
the mean temperature at Rock Island-Rocky Reach between 1934 

and the present time is only about 0.2" to 0. ~ O C ,  and this is 
. , 

largely associated with slightly warmer temperatures in the 

winter and possibly warmer atmospheric conditions. Peak 

summer temperatures are actually lower now than in the early 

1940's (Figure 11). The most significant change that has 

occurred is a,delay of about 30 days in the timing of the peak 

temperatures. This delay i.s associated with Lhe hvld up of 

the river water in Lake Roosevelt. 

Figure 12 shows the early (1939-41) temperature pattern 

at the Bonneville Dam in relation to more recent years (1965-67). 

The delay in the arrival of the peak temperatures is evident 

here (as it was at Rock Island),.and winter temperatures are 

also no longer quite so cold. At Ronneville, however, the 

. summer 'temperatures are'no cooler now than in the early ,years. 

Fig,ure 13 shows the long-range temperature trends for both 
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Rock Island and Bonneville. The annual mean and upper 

extrcme tempeidkures at ~onneville~show a slight warming . 

trend in relation to the Rock Island temperatures since 

1960. This change is attributed to a combination of Hanford 

plant operations and heating during the hot. summer months 

by the .Snake River. We now recognize that the historical 

data on water temperatures at Bonneville have not been truly 

'representative of the bulk flow of the river as a whole 

because of 'the measurement location. Therefore, caution 

must be used in the application of these data. 

The significant point that is apparent from the 'histor-, 

ical data is that peak temperatures in theColumbia River are 

not much different today than they were more than a quarter 

century ago when the records were first started. The peak 

temperature now occurs about a month later .than in early 

years and this shift is most apparent in the upper river. 

The filling of the large reservoir behind John Day D.am has 

tended to smear out the seasonal shift in the lower river by 

increa~ing the spporl;unity of .the wa-ter temperature to equili- 

brate with the atmosphere. 

One can postulate that the heat added to the Columbia 

by the reactors might affect fish in a number of dj-fferent 

ways and that the stock of fall chinook salmon that spawns in 

the Hanford reach may be especially 'vulnerable. A number 'of 

different kinds of studies have, therefore, been carried out 

on salmon and trout. 
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Because the eggs of salmon are known to he particularly 

sensitive to elevated temperatures, some of the first tests 

were designed to.see how much heat could he added to ColumSia 

River water without affecting the survival and development 

of the eggs. We concluded that if the eggs were spawned in 

temperatures greater .than 1 5 " ~  some loss should he expected. 

In most years this does not present a problem because most 

.of the local chinook salmon spawn from mid-October through 

November when the temperature is rapidly declining from 

about 15"'to 10"~. A few fish spawn 'as late as December when 

the water temperature may be.as cold as 5"~--well below the 

optimum. The shift in the time of occurrence of peak temper- 

atures in the river as a whole now presses heavily on the 

salmon that spawn earliest in October. 

Incubation of the eggs and development of the young 

salmon occur from-late October through April when the Colum- 

bia River is sufficiently cold'that heat additions of the 

magnitude of those added by the Hanford reactors cannot 

raise the temperature ?hove thc optimal r a l l y e .  

The seaward migration of young salmon past Hanford 

occurs in two waves: one during the spring at the time of 

the freshet, and the other late in the summer. Although 

river temperatures are within the optimum range when most 

of the fish move through, some concern has heen expressed 

that a fraction of the migrants might be swept directly 

into the hot, unmixed efflue'nt as it jets out of the effluent 

pipe. This question has. been' investigated bo,th .j.n the 



l a b o r a t o r y  and i n  t h e  f i e l d .  

The l a b o r a t o r y  tes ts  have s o u g h t  t o  e s t a b l i s h  how 

much of  a  t e m p e r a t u r e  "shock"  t h e  young f i s h  c a n  t o l e r a t e  

c o n s i d e r i n g  b o t h  t h e  t e m p e r a t u r e  o f  t h e  w a t e r  and t h e  l e n g t h  

of  t i m e  t h a t  t h e  f i s h  a r e  exposed.  A t  f i r s t  t h e  r e f e r e n c e  

p o i i ~ t  was t h e  d e a t h  o f . t h e  t e s t  f i s h .  Next 'we used  a less 

s e v e r e  r e f e r e n c e  p o i n t - - t h e . " s h o c k "  which caused  t h e  f i s h  

' t o  l o s e  e q u i l i b r i u m .  R e c e n t l y  w e  have  been u s i n g  a more 

s u b t i l e  measurement,  t h e  a b i l i t y  o f  t h e  t e s t  f i s h  t o  e s c a p e  

a l a r g e  p r e d a t o r  f i s h  i n  comparison w i t h  t h e  e s c a p e  a b i l i t y  
i 

of  c o n t r o l s ,  a l l  h e l d  i n  t h e ' s a m e . t a n k .  The l a b o r a t o r y  

r e s u l t s  now need t o  be  coup led  w i t h  e s t i m a t e s  o f  t h e  k i n d s  

of  t e m p e r a t u r e  shucks  t h a t  c o u l d  a c t u a l l y  o c c u r  i n  t h e  r i v e r .  

A t  t h i s  t i m e  w e  r e c o g n i z e  t h a t  v e r y ,  v e r y  few o f  t h e  down- 

s t r e a m  m i g r a n t s  c o u l d ' f i n d  themse lves  i n  a n  u n t o l e r a b l e  zone 

a t  t h e  p o i n t  o f  a i s c h a r g e .  

The f i e l d  t e s t s  i n  t h e  e f f l u e n t  plumes i n  t h e  r i v e r  

have been o f  two t y p e s .  I n  one c a s e ,  a  f l o a t i n g  t r a p  pro-  
. . 

v i d e d  by t h e  F i s h  and W i l d l i f e  S e r v i c e  was" ' f ished" d i r e c t l y  

i n  one o f  t h e  plumes w i t h  t h e  t h o u g h t  t h a t  young salmon 

a f f e c t e d  by t h e  warm w a t e r  c o u l d  b e  c a u g h t  and examined. 

Only a  v e r y  few young salmon w e r e  c a p t u r e d  and none o f  t h e s e  

showed, any a d v e r s e  e f f e c t s  from the effluent.. The o t h e r  

f i e l d  tes ts  i n v o l v e d  h o l d i n 9  s m a l l  f i s h  i n  s m a l l  c a y e s  ( o r  

l i v e - b o x e s )  and t h e n  d r i f t i n g  t h e  c a g e s  d i r e c t l y  t h r o u g h  t h e  

e f f l u e n t  plumes. D r i f t s  w e r e  c a r r i e d  o u t  i n  t h e  s p r i n q  and 



again in the late summer and early fall. In the 'spring 

series the natural temperature of the river was ibw, and the 

temperature shock of the plume was not sufficient to cause. 

mortality. Even in the late summer and early fall when am- 

bient 'river temperatures were relatively high, mortalities 

were not significant. Only in one test, carried out in 1969 

at a very low flow (40,000 cfs), was significant mortality 

recorded. On this occasion the test fi.sh were exposed to 

a temperature rise of 2 2 " ~  in the mixing zone. Some drift 

tests have been made close to the shoreline where little 

springs of hot water seep out through the gravel. These 

springs are fed Sy effluent disposal trenches higher'up on 

Llie bank. Many of the caged fish have died when forced to 

remain in these local seepage zones, hut we doubt that young 

salmon that are free to swim about in the river ever enter 

these areas of high temperature and low current velocity. 

When adult salmon return from the sea, it is 'essential 

.that they reach their . . ancestoral spawning grounds without 

significant delay, and there has been some-speculation that 

thermal discharges might block their migration. In order 

to determine if any significant delay occurs in the Hanford 

reach, a cooperative field study was undertaken by us and 

the U.S. Bureau of commercial Fisheries. Small battery-powered 

tags that emit a sound were attached to salmon and steelhead 

trout and then the movements of the fish were followed by 

men in boats equipped with hydrophones. This pqiJipment was 
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developed by BCF. Our crews recorded  l o c a t i o n s  o r  m i g r a t i o n  

p a t h s  of  70 tagged f i s h  i n  August and September o f  1967 and 

368 f i s h  between May and October 1968. For t h e  most p a r t ,  

t h e  tagged f i s h  w e r e  l o c a t e d  n e a r  s h o r e  on t h e  s i d e  o f  t h e  

r i v e r  away from t h e  r e a c t o r s .  W e  a r e  n o t  a t  a l l  s u r e  t h a t  

t h e  r e a c t o r s  had any th ing  t o  do w i t h  t h e  f i s h  f a v o r i n g  t h e  

l e f t  bank, because  t h i s  b a s i c  p a t t e r n  a l s o  e x i s t e d  fo r .many  

. m i l e s  bo th  above and below t h e  r e a c t o r s .  Of more s i g n i f i -  

cance  was t h e  o b s e r v a t i o n  t h a t  t h e  speed o f  m i g r a t i o n  d i d  

n o t  appear  t o  be  i n f l u e n c e d  by t h e  r e a c t o r s  and t h u s  t h e r e  

was no ev idence  o f  any .b lockage .  

The s i z e  of  t h e  p o p u l a t i o n  o f  chinook salmon that 

spawns i n  t h e ' H a n f o r d  r each  has  been o f  s p e c i a l  i n t e r e s t  

because  one can  p o s t u l a t e .  t h a t  any s i g n i f i c a n t  d e ' l e t e r i o u s  

e f f e c t  of  t h e  e f f l u e n t s  w i l l  cause  a  d e c l i n e  i n  t h e  l o c a l  

s t o c k .  An e f f e c t  cou ld  be  caused b!y r a d i a t i o n , .  t o x i c  chem- 

i c a l s ,  h e a t ,  o r  a  'combination of  them,. and it cou ld  be 

d i r e c t l y  on t h e  f i s h  o r  on t h e  food organisms . t h a t  s u p p o r t  

the fish. With th.i.s i.n mind an  . annua l  census  o f  t h e  number 

of  n e s t s  t h a t  cou ld  be  observed was s t a r t e d ' i n  1947. A s  

shown i n  F i g u r e  1 4 ,  spawning occu r s  b o t h  upst ream and down- 

s t r eam o f  t h e  r e a c t o r s .  The census  d a t a  from 1 9 4 7 , t h r o u g h  

1963 a r e  shown i n  F i g u r e  15. The marked i n c r e a s e  i n  t h e  

number o f  n e s t s  between 1965 and 1969 i s  n o t  cons ide red  t o  

be  r e l a t e d  t o  t.he shutdown of r e a c t o r s . d u r i n g  t h a t  p e r i o d  

( t h e  a d u l t s  . a r e  a c t u a l l y  t h e  r e s u l t s  of  spawning f o u r  y e a r s  I 
e a r l i e r )  b u t  r a t h e r  due t o  o t h e r  environnle~i.Lal f a c t o r s  'and 



quite likely the displacement of spawners from other sections 

of the Columbia River when new dams inundated their spawninq 

grounds. One factor is self-evident, however. Any adverse 

effect that the Hanford effluents may have had on this popu- 

lation of salmon is so small that it is completely over- 

\ whelmed by other environmental factors that control the 

abundance of the fish. 

For completeness I should mention our work on fish 

diseases and especially columnaris. In general, increased 

water temperatures favor most fish diseases and .columnaris 

is no exception. Studies on columnaris have been carried out 

both in our laboratory and in the river since 1959. There is 

no question that ,the infection o f  fish with columnaris becomes 
i 

evident when the water temperatures rise above 1 0 " ~  and 

declines when the temperature decreases. However, the focal 

points for infection of fish in the Columbia River are not 

the. artificial heat additions, but rather the fish 1ad.ders 

at the dams where the salmon are brought into close association 

with scrap fish that are resiaent iii the ladders. 

Conclusion 

In conclusion I would like to emphasize again that the 

effluents from the Hanford plants .are not typical of those 

from reactors designed solely f o ~  the production of steam 

for electricity. Rather they have a.greater potential for 

causing effects because of their unusually large concentra- 

tions of radionuclides and their unusually high temperatures. 

Nevertheless, comprehensive studies over more than 25 years 
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have s!lownthat the radiation dcses received by the public 

have been well within the guidelines and that no ,discernible 

radiation or thermal effects have occurred to the'valuable 

populations of fish and wildlife,. 
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