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ON C O L U M B I A  R I V E R  T E M P E R A T U R E S  

B E L O W  T H E  H A N F O R D  P L A N T  

R ,  T .  J a s k e  

A B S T R A C T  

The p lanned  c o n s t r u c t i o n  of t h e  Ben F r a n k l i n  p r o j e c t  

below t h e  Hanford p r o d u c t i o n  r e a c t o r s  p o s e s  t h e  q u e s t i o n  of 

d e t e r m i n i n g  t o  what e x t e n t  t h i s  p r o j e c t  w i l l  a f f e c t  t h e  

Columbia R i v e r  t e m p e r a t u r e s .  Using t h e  p l a n t  o p e r a t i o n s  

r e c o r d  f o r  t h e  y e a r  1966,  and t h e  wea the r  r e c o r d  f o r  t h e  same 

p e r i o d ,  a  s e r i e s  of  s i m u l a t i o n  r u n s  was made t o  de te rmine  t h e  

e f f e c t s  of  t h e  dam on t h e  t e m p e r a t u r e  r eg ime ,  and t h e  e x t e n t  

t o  which d e n s i t y  c u r r e n t s  c o u l d  be  e x p e c t e d  t o  d e v e l o p .  T h i s  

i n f o r m a t i o n  i s  t o  be used  a s  background f o r  t h e  l a t e r  e v a l u a -  

t i o n  o f  t h e  m o d i f i c a t i o n  of  t h e  e x i s t i n g  r a d i o n u c l i d e  d i s -  

c h a r g e ,  The d i g i t a l  s i m u l a t i o n  model ,  COL HEAT,  was u s e d .  

T h i s  model h a s  been  p r e v i o u s l y  developed under  Atomic Energy 

Commission s p o n s o r s h i p  f o r  u s e  i n  t h e  r e g i o n a l  e v a l u a t i o n  o f  

t h e  e f f e c t s  o f  t h e  Hanford p l a n t ,  O p e r a t i o n s  w i t h  t h e  model ,  

u s i n g  t h e  d a t a  p e r i o d  i n d i c a t e d ,  showed t h a t :  

The e x i s t e n c e  of  t h e  p roposed  p r o ~ e c t  would have nominal  

e f f e c t ,  t e n d i n g  towards  a  s l i g h t  i n c r e a s e  i n  downstream 

t e m p e r a t u r e  f o r  b o t h  t h e  3 8 5  and 4 0 0 - f t  p o o l  e l e v a t i o n s .  

Under some c o n d i t i o n s ,  i n  c r i t i c a l  t e m p e r a t u r e  s e a s o n s  

( A p r i l  and Sep tember ) ,  p l a n t  o p e r a t i o n s  c a u s e  a m p l i f i c a -  

t i o n  of  t h e  t e m p e r a t u r e  t r a n s i e n t s  a s s o c i a t e d  w i t h  

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

The 3 8 5 - f t  p o o l  can  be c o n s i d e r e d  a  c h a n n e l  f low c a s e  

f o r  e s t i m a t i n g  t r a v e l  t i m e ,  However, d e n s i t y  c u r r e n t s  

c o u l d  b e  e x p e c t e d  i n  t h e  4 0 0 - f t  p o o l  f o r  most of  t h e  

summer months ,  t h u s  c a u s i n g  d e c r e a s e d  t r a v e l  t ime and 

r e l a t i v e l y  a d i a b a t i c  t h e r m a l  c o n d i t i o n s  f o r  t h e  main 

f l o w  sys tem a t  t h e  lower end of  t h e  r e s e r v o i r .  
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I N T R O D U C T I O N  

A s  a  consequence of renewed a t t e n t i o n  on t h e  p a r t  of  

r e g u l a t o r y  and c o n s e r v a t i o n  a g e n c i e s  towards s t r e a m  tempera-  

t u r e  s t a n d a r d s  f o r  t h e  p o r t i o n  of t h e  Columbia R ive r  a f f e c t e d  

by t h e  Hanford p l a n t ,  t h e  R ich land  O p e r a t i o n s  O f f i c e  d i r e c t e d  

t h e  P a c i f i c  Northwest  Labora to ry  t o  conduct  a  p r e l i m i n a r y  

s t u d y  t o  de te rmine  t h e  e f f e c t s  of t h e  Ben F r a n k l i n  Dam on 

Columbia R ive r  t e m p e r a t u r e s .  T h i s  r e p o r t  summarizes t h e  com- 

p u t a t i o n  o p e r a t i o n s  performed i n  r e sponse  t o  t h e  d i r e c t i v e ,  

and e s t a b l i s h e s  t h e  framework f o r  t h e  p lanned r a d i o n u c l i d e  

s t u d y  t o  f o l l o w .  

Conc lus ions  of  t h i s  s t u d y  a r e  based  upon i n f o r m a t i o n  

developed w i t h i n  a  s i n g l e  y e a r  (1966) .  However, t h e  ground- 

work t h u s  p rov ided  i n  t h i s  p r e l i m i n a r y  examina t ion  i s  s u f f i -  

c i e n t l y  d e t a i l e d  and comprehensive t o  p e r m i t  t h e  h a n d l i n g  of  

a d d i t i o n a l  c a s e s  w i t h  r e l a t i v e  e a s e  and w i t h  minimum p r e l i m i -  

n a r y  e f f o r t .  

S U M M A R Y  A N D  C O N C L U S I O N S  

Based on assumpt ions  d e t a i l e d  i n  t h e  f o l l o w i n g  d i s c u s -  

s i o n ,  and on t h e  e f f e c t s  of  wea the r  and o p e r a t i o n s  a s  d e t e r -  

mined a t  t h e  Hanford p l a n t  f o r  t h e  y e a r  1966,  t h e  f o l l o w i n g  

c o n c l u s i o n s  a r e  a p p r o p r i a t e :  

The c o n s t r u c t i o n  of  t h e  Ben F r a n k l i n  p r o j e c t  could  be 

e x p e c t e d  t o  a f f e c t  s l i g h t l y  b u t  measurably  t h e  o v e r a l l  

t e m p e r a t u r e  regime of t h e  Columbia R ive r  below t h e  

p l a n t .  The 3 8 5 - f t  r e s e r v o i r  c o u l d  be expec ted  t o  



i n c r e a s e  t h e  a n n u a l  a v e r a g e  t e m p e r a t u r e  by  0 . 2  t o  0 . 4  O C  

and  d e c r e a s e  t h e  e x p e c t e d  maximum d e p a r t u r e  f rom t h e  

mean o n l y  s l i g h t l y ,  r e s u l t i n g  i n  t h e  p r o b a b i l i t y  o f  a  

downs t ream r eg ime  s i m i l a r  t o  t h e  p r e s e n t .  The 4 0 0 - f t  

r e s e r v o i r  c o u l d  b e  e x p e c t e d  t o  i n c r e a s e  t h e  a n n u a l  a v e r -  

a g e  t e m p e r a t u r e  by 0 . 4  t o  0 . 6  O C  and  t o  s l i g h t l y  d e c r e a s e  

t h e  e x p e c t e d  maximum d e p a r t u r e  f rom t h e  mean,  r e s u l t i n g  

i n  t h e  p r o b a b i l i t y  o f  a  downstream reg ime b a s i c a l l y  t h e  

same a s  p r e s e n t ,  b u t  t e n d i n g  toward  s l i g h t l y  h i g h e r  

maximum t e m p e r a t u r e s .  

The r i v e r  t e m p e r a t u r e  e f f e c t s  f rom P r i e s t  Rap ids  Dam 

l o a d  f a c t o r i n g  and f rom p l a n t  o p e r a t i n g  t r a n s i e n t s  would 

t e n d  t o  be  a m p l i f i e d  by b o t h  t h e  p r o p o s e d  r e s e r v o i r  

l e v e l s .  While  t h e  s p e c i f i c  e f f e c t  f o r  e a c h  l e v e l  i s  

d y n a m i c a l l y  r e l a t e d  t o  a c t u a l  c o n d i t i o n s ,  t h e  r e l a t i v e  

e f f e c t  i s  one o f  s e a s o n a l  dependence .  I n  g e n e r a l ,  d u r -  

i n g  p e r i o d s  of  h i g h e s t  h e a t  s t r e s s  s u c h  a s  Sep t ember  and  

A p r i l ,  w a t e r  f l o w  r e g u l a t i o n  and r e d u c e d  s u r f a c e  c o o l i n g  

a r e a  would c a u s e  a m p l i f i c a t i o n s  o f  a b o u t  1 O C  i n  maximum 

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

r e s e r v o i r .  

T e m p e r a t u r e  s p i k e s  f rom v a r i a b l e  d i l u t i o n  accompanying 

t r a n s i e n t  o p e r a t i o n s  a t  b o t h  t h e  P r i e s t  Rap ids  p r o j e c t  

and  Hanfo rd  p l a n t  c o u l d ,  a s  d e t e r m i n e d  f rom p r e v i o u s  

AEC-sponsored r i v e r  t e m p e r a t u r e  e n v i r o n m e n t a l  r e s e a r c h  

a t  H a n f o r d ,  b e  e x p e c t e d  f o r  d i s t a n c e s  c o n c e i v a b l y  a s  

f a r  downstream a s  t h e  B o n n e v i l l e  p r o j e c t  o u t l e t .  How- 

e v e r ,  t h e  e x p e c t e d  f i l l i n g  o f  t h e  J o h n  Day r e s e r v o i r  i n  

t h e  s p r i n g  o f  1968 i s  e x p e c t e d  t o  min imize  t h e  e f f e c t s  

o f  s e v e r e  t r a n s i e n t s  emana t ing  f rom Hanford  o p e r a t i o n s  

o r  f rom t h e  P r i e s t  Rapids  l o a d  r e g u l a t i o n  below t h a t  

p r o j e c t .  N o t i c e a b l e  e f f e c t s  i n  t h e  McNary r e s e r v o i r  

c o u l d  b e  e x p e c t e d  d u r i n g  t h e  c r i t i c a l  t e m p e r a t u r e  p e r i o d  

o f  Sep t ember .  



No m e a s u r a b l e  e f f e c t s  f rom d e n s i t y  c u r r e n t  a c t i v i t y  c o u l d  

b e  e x p e c t e d  f o r  t h e  3 8 5 - f t  p o o l .  However,  t h e  4 0 0 - f t  

p o o l  c o u l d  be  e x p e c t e d  t o  d e v e l o p  a n n u a l l y  ( f rom A p r i l  t o  

November) d e n s i t y  c u r r e n t s  a t  t h e  l o w e r  end  below M i l e  360 

d u r i n g  p e r i o d s  o f  r i s i n g  a i r  t e m p e r a t u r e s ,  c l e a r  s k i e s ,  

and  h i g h  s o l a r  r a d i a t i o n  i n p u t .  Under t h e s e  c o n d i t i o n s ,  

t h e  submerged and  r e l a t i v e l y  a d i a b a t i c  f l o w  t h r o u g h  mos t  

o f  t h e  r e s e r v o i r  would  p r o d u c e  l i t t l e  o r  no  t e m p e r a t u r e  

d i f f e r e n t i a l  t h r o u g h  t h e  l o w e r  p r o j e c t  r e a c h  above t h e  

dam. T h i s  c o n d i t i o n  would b e  e x p e c t e d  t o  s l i g h t l y  

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

t h e  r e s e r v o i r  and  c r e a t e  a  c o n d i t i o n  where  t h e  e x t e n t  o f  

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

t i v e  and  n o n c o n s e r v a t i v e  c o n t a m i n a n t s  i n  t h e  p l a n t  e f f l u -  

e n t .  Such c o n d i t i o n s  c o u l d  p o t e n t i a l l y  f a v o r  r e c r e a t i o n a l  

u s e  a s p e c t s  o f  t h e  r e s e r v o i r  by i n c r e a s i n g  s u r f a c e  tem- 

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

l a y e r  w i t h  a  r e l a t i v e l y  l o w e r  c o n c e n t r a t i o n  o f  p l a n t  

e f f l u e n t .  A d e t a i l e d  e x a m i n a t i o n  o f  d a t a  comp i l ed  o v e r  

s e v e r a l  y e a r s  would be  r e q u i r e d  t o  draw any  m e a n i n g f u l  

c o n c l u s i o n s .  

The mean a n n u a l  t r a n s p o r t  t i m e  o f  w a t e r  t h r o u g h  t h e  

r e s e r v o i r s  would  b e  i n c r e a s e d  m e a s u r a b l y  o v e r  t h e  n a t u r a l  

c o n d i t i o n s .  Based  on s t a t i s t i c a l  a n a l y s i s  o f  t h e  1966  

h i s t o r y  and t h e  computed d a i l y  a v e r a g e  t e m p e r a t u r e s  be low 

t h e  r e s e r v o i r s ,  t h e  mean t r a v e l  t i m e  o f  w a t e r  t h r o u g h  t h e  

3 8 5 - f t  p r o j e c t  would be  i n c r e a s e d  a p p r o x i m a t e l y  4 d a y s .  

F o r  t h e  4 0 0 - f t  r e s e r v o i r ,  a n  i n c r e a s e  o f  a b o u t  9 d a y s  

c o u l d  be  e x p e c t e d .  
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The p roposed  c o n s t r u c t i o n  of  a  dam a t  Columbia R i v e r  

Mile  3 4 8  h a s  been  e x t e n s i v e l y  i n v e s t i g a t e d  i n  r e s p e c t  t o  

e f f e c t s  o f  w a t e r  l e v e l s  on s t r i ~ c t u r a l  i n t e g r i t y ,  p r o d u c t i o n  

c a p a b i l i t y  and ground w a t e r  c o n t a m i n a t i o n ,  ( l m 4 ) *  None of  

t h e s e  s t u d l e s  i n c l u d e d  an  i n v e s t i g a t i o n  of t h e  r e s e r v o i r  

i t s e l f  below t h e  Hanford  o p e r a t i n g  a r e a s ,  o r  an e s t i m a t e  of 

t h e  t h e r m a l  m o d i f i c a t i o n  a n t i c i p a t e d  below t h e  p r o j e c t  a s  a  

r e s u l t  o f  t h e  combined o p e r a t i o n s  of  t h e  Hanford p l a n t  and 

t h e  r e g u l a t i o n  of  w a t e r  f l o w  inlpc,:.cd by t h e  P r i e s t  Rapids  

p r o ~ e c t -  S i n c e  long range  p l a n n i n g  f o r  t h e  r e l e a s e  of   pro^- 

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

a r e  b o t h  c l o s e l y  r e l a t e d  t o  e x p e c t e d  j o i n t  o p e r a t i o n s  

u p s t r e a m ,  t h e  R ich land  O p e r a t i o n s  o f f i c e  a u t h o r i z e d  a  p r e l i m i -  

n a r y  investigation t o  determine a  b a s i s  f o r  t h i s  p l a n n i n g .  

P r i o r  t o  1965,  a  b a s i s  f o r  t h e  p r e d i c t i o n  o f  t h e  e x p e c t e d  

t h e r m a l  hydrodynamic b e h a v l o r  o f  a  r i v e r  and r e s e r v o i r  sys t em 

was n o t  g e n e r a l l y  a v a i l a b l e -  The d i g i t a l  s i m u l a t i o n  s y s t e m ,  

COL HEAT, deve loped  under  Atomic Energy Commission s p o n s o r s h i p  

f o r  t h e  p u r p o s e  o f  e v a l u a t i n g  r e s u l t s  of  t h e  a n n u a l  Columbia 

R ive r  Cool ing  program, h a s  been  f u l l y  d e s c r i b e d ( 6 )  and 

expanded I n  b o t h  scope  and d e t a i l  t o  p e r m i t  t e m p e r a t u r e  c o n d i -  

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

from industrial a c t i v i t i e s ,  a s  w e l l  a s  t h e  e s t i m a t i o n  o f  con-  

c e n t r a t l o n  f o r  b o t h  c o n s e r v a t i v e  and n o n c o n s e r v a t i v e  con tami -  
( 7 1  

n a n t s ,  T h l s  model h a s  p r o v i d e d  an e x c e l l e n t  b a s i s  f o r  t h e  

e x a m i n a t i o n  o f  t h e  proposed  p r o j e c t  a t  r e l a t i v e l y  l i t t l e  a d d i -  

t i o n a l  c o s t .  

* T h e s e  documen t s  aZso  c o n t a i n  s u b j e c t  m a t t e r  r e f e r e n c e s .  



A S S U M P T I O N S  

I n  o r d e r  t o  a v o i d  c l a s s i f i c a t i o n  of t h i s  r e p o r t  and t o  

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

r e g u l a t o r y  a g e n c i e s  and t o  t h e  p u b l i c ,  t h e  y e a r  1966 was 

s e l e c t e d  f o r  t h i s  s t u d y .  While t h e  a c t u a l  c l a s s i f i e d  r e c o r d  

of  p l a n t  p r o d u c t i o n  f o r  t h e  y e a r  1966 was used  i n  t h e  computer 

s i m u l a t i o n  r u n s ,  no c l a s s i f i e d  o u t p u t  was g e n e r a t e d  by t h e  

program. The u s e  o f  t h e  p u b l i c  r e c o r d  e l i m i n a t e s  t h e  n e c e s -  

s i t y  of  p r e d i c t i n g  f u t u r e  o p e r a t i o n s ,  o r  of  r e q u i r i n g  r e l e a s e  

of  p re -1966  r i v e r  t e m p e r a t u r e  r e c o r d s ,  s t i l l  c o n s i d e r e d  s e n s i -  

t i v e  t o  n a t i o n a l  d e f e n s e  by t h e  Atomic Energy Commission. 

An a d d i t i o n a l  advan tage  of  t h e  p e r i o d  s e l e c t e d  was t h e  

e x t e n d e d  p l a n t  shutdown i n  1966 d u r i n g  which e x c e l l e n t  r e c o r d s  

of t h e  e x t e n t  of  d i u r n a l i t y  and t h e  n a t u r a l  t e m p e r a t u r e  r i s e  

t h r o u g h  t h e  p l a n t  r e a c h  c o u l d  be  o b t a i n e d .  I n  e f f e c t ,  t h i s  

s t u d y  p e r m i t s  e x a m i n a t i o n  of  t h e  e f f e c t s  of t h e  impoundment 

somewhat i n d e p e n d e n t l y  o f  t h e  AEC o p e r a t i o n s ,  a l t h o u g h  t h i s  

i s  i n  some d e g r e e  an academic c o n s i d e r a t i o n .  

The COL HEAT s i m u l a t i o n  sys t em ( F i g u r e  1 )  r e q u i r e s  t h e  

g e o m e t r i c a l  d e f i n i t i o n  of  t h e  r i v e r  d imens ions  i n t o  a  s e r i e s  

of  s e c t i o n s  nomina l ly  c a l l e d  r e s e r v o i r s  ( s e e  Appendix A f o r  

an o u t l i n e  of  d a t a  submiss ion  r e q u i r e m e n t s ) .  The a c t u a l  com- 

p u t a t i o n s  a r e  o u t l i n e d  i n  t h e  f l o w  sequence  d iagram accompa- 

ny ing  t h e  Appendix ( F i g u r e  A - 1 0 ) .  The e x i s t i n g  l i m i t a t i o n  

of  t h e  program i s  s u c h  t h a t  a  maximum of  50 r e s e r v o i r  s e c -  

t i o n s  and 1 8 6  c o n s e c u t i v e  t ime  p e r i o d s  can  be h a n d l e d  w i t h i n  

t h e  c o r e  l i m i t s  a v a i l a b l e  i n  t h e  Univac 1108 s y s t e m .  I n  

a d d i t i o n ,  s i g n i f i c a n t  i n c r e a s e s  i n  p r o c e s s i n g  t ime r e s u l t  

from t h e  d e n s i t y  c u r r e n t  check r o u t i n e ,  somewhat i n  p r o p o r -  

t i o n  t o  t h e  number of r e s e r v o i r s  and t h e  number o f  h e a t  

a d m i s s i o n  p o i n t s  t o  t h e  sys t em.  I t  was t h o u g h t  d e s i r a b l e  t o  

r e t a i n  a s  much f i n e  s t r u c t u r e  of  t h e  d i u r n a l  c h a r a c t e r  of  
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FIGURE I .  Flow Diagram,  W a t e r  Q u a l i t y  S i m u l a t i o n  
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t h e  t r a n s i e n t s  a s  p o s s i b l e  w i t h o u t  t h e  expense  of  go ing  t o  

h o u r l y  d a t a .  T h e r e f o r e ,  a  t ime p e r i o d  of  6  h r  was used  a s  

t h e  b a s i c  i n c r e m e n t a t i o n  t i m e .  

A l l  i n p u t  w e a t h e r  c a r d s  were p r e p a r e d  from d a i l y  a v e r a g e  

w e a t h e r  and r i v e r  d a t a  u s i n g  a  s t a t i s t i c a l  e x p a n s i o n  p r o c e s s  

f o r  t h o s e  v a r i a b l e s  r e l a t e d  t o  p e r i o d i c i t y .  Fo t h o s e  random 

v a r i a b l e s  such  a s  c l o u d  c o v e r ,  wind s p e e d ,  e t c . ,  t h e  a v e r a g e  

f o r  t h e  24 -h r  p e r i o d  was used  a s  t h e  a v e r a g e  f o r  t h e  i n d i -  

v i d u a l  6 - h r  p e r i o d .  T h i s  p r o c e d u r e  l e a d s  t o  t h e  masking o u t  

o f  a  p o r t i o n  of  t h e  d i u r n a l  e f f e c t .  However, a b s o l u t e  s imu-  

l a t i o n  o f  d i u r n a l i t y  was beyond t h e  scope  of  t h e  s t u d y  and ,  

t h e r e f o r e ,  s i g n i f i c a n t  s a v i n g s  i n  c l e r i c a l  and computer t ime  

were p o s s i b l e ,  The d i u r n a l i t y  of  t h e  i n p u t  and o u t p u t  w a t e r  

t e m p e r a t u r e  r e c o r d  was a l s o  s t a t i s t i c a l l y  expanded i n  o r d e r  

t o  p r e s e r v e  t h i s  minor ,  b u t  i n t e r e s t i n g  e f f e c t .  S i n c e  t h e  

c o n c l u s i o n s  of  t h e  s t u d y  a r e  b a s e d  on a  s t a t i s t i c a l  t r e a t m e n t  

of  t h e  e n t i r e  365-day r e c o r d ,  t h e  i n d i v i d u a l  v a r i a t i o n s  

i n t r o d u c e d  by t h i s  p r o c e d u r e  were t h o u g h t  t o  be  minor .  

I n  a d d i t i o n ,  a s  p r e v i o u s l y  i n d i c a t e d ,  t h e  p l a n t  r e c o r d  

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

l o c a t i o n  o f  t h e  100 K a r e a  o u t f a l l  t o  minimize o p e r a t i n g  t i m e .  

While t h i s  p r o c e d u r e  c a n  be r i g o r o u s l y  de fended  i n  a  c l a s s i -  

f i e d  d i s c u s s i o n  o n l y ,  i t  i s  ment ioned  f o r  t h e  pu rpose  of  

c l e a r l y  i n d i c a t i n g  any c o m p u t a t i o n a l  a s sumpt ions  which r e f l e c t  

on t h e  end r e s u l t ,  F i g u r e  2 ( 6 )  shows t h a t  i n t r o d u c i n g  a  tem- 

p e r a t u r e  change i n  t h e  r i v e r  y i e l d s  a  r e l a t i v e l y  long  l a s t i n g  

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

of  d i s t o r t i o n  i n v o l v e d  i n  c o n c e n t r a t i n g  t h e  h e a t  a d d i t i o n s  t o  

a s i n g l e  p o i n t  i s  c o n s i d e r e d  minor ,  o r  beyond t h e  a c c u r a c y  of 

t h e  b a s i c  computa t ion .  A s h o r t  s e c t i o n  of  t h e  t e s t  computa- 

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

a f t e r  t h e  s t a r t - u p  o f  p l a n t  o p e r a t i o n s  i n  August  1966,  i s  

shown i n  F i g u r e  3 .  The d e v i a t i o n s  from i d e a l  model ing  a r e  



FIGURE 2. Loss or Gain of Imposed Artificial Temperature 
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somewhat g r e a t e r  t h a n  f o r  impounded s e c t i o n s  of  t h e  r i v e r  

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

and wind s p e e d .  However, f o r  t h e  r e c o n n a i s s a n c e  p u r p o s e s  

i n t e n d e d ,  t h e  o v e r a l l  r e s u l t  a p p e a r s  a c c e p t a b l e .  

R i v e r  p r o f i l e s  used  i n  t h e  development  of  c r o s s  s e c t i o n s  

f o r  t h e  computa t ions  were d e r i v e d  from d a t a  s u p p l i e d  by t h e  

U.S. Corps of  E n g i n e e r s ,  S e a t t l e  D i s t r i c t  O f f i c e ,  and were 

i d e n t i c a l  t o  t h o s e  u s e d  by o t h e r  i n v e s t i g a t o r s .  ( 4 )  On t h e  

b a s i s  of  t h e s e  p r o f i l e s ,  t h e  f o l l o w i n g  r e s e r v o i r  and r i v e r  

volumes were used  f o r  t h e  c a s e s  d e t a i l e d :  

T A B L E  I .  R e s e r v o i r  Volumes f o r  V a r i o u s  Flows 

Flow Source  75,000 f t 3 / s e c  150,000 f t 3 / s e c  

Normal R i v e r  135,000 AF 178,000 AF 

3 8 5 - f t  Dam 379,000 AF 428,000 AF 

4 0 0 - f t  Dam 596,000 AF 672,000 AF 

Con tours  were d e r i v e d  from U.S. G e o l o g i c a l  Survey  maps of  t h e  

Hanford p l a n t  a r e a .  The d e t a i l s  of  t h e s e  r e s e r v o i r  s e c t i o n s  

remain i n  u s e f u l  punch c a r d  form f o r  f u t u r e  c a s e s  o r  o t h e r  

d e t a i l e d  e x a m i n a t i o n .  

C O M P U T A T I O N S  

The program f o r  t h e  a c t u a l  computer  r u n s  i n c l u d e d  a s e r i e s  

of  s t e p w i s e  s u b - c a s e s  i n  which t h e  r e s e r v o i r  volumes were 

a d j u s t e d  f o r  t h e  r i v e r  f low volumes under  c o n s i d e r a t i o n  a s  t h e  

s e a s o n s  p r o g r e s s e d .  F i g u r e s  4 ,  5 ,  6 ,  7 and 8 summarize t h e  

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

e l i m i n a t e d  i n  t h e  computa t ions  i n  o r d e r  t o  s i m p l i f y  t h e  p r e -  

s e n t a t i o n .  The r e s u l t s ,  w h i l e  s e l f  e x p l a n a t o r y ,  can  be  sum- 

m a r i z e d  t o  t h e  e x t e n t  t h a t  t h e  f o l l o w i n g  o b s e r v a t i o n s  a r e  

p e r t i n e n t .  
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FIGURE 4 .  T h e r m a l  E f f e c t  o f  B e n  F r a n k l i n  Dam S u p e r i m p o s e d  - 
o n  1 9 6 6  P l a n t  O p e r a t i o n s  R e c o r d ;  J a n u a r y  5 ,  t o  
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FIGURE 5 .  T h e r m a l  E f f e c t  o f  B e n  F r a n k l i n  Dam S u p e r i m p o s e d  
on 1 9 6 6  P l a n t  O p e r a t i o n s  R e c o r d ;  M a r c h  2 6 ,  t o  
A p r i l  3 0 ,  1 9 6 6 .  
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F I G U R E  6 .  T h e r m a l  E f f e c t  o f  B e n  F r a n k l i n  Dam S u p e r i m p o s e d  - 
o n  2 9 6 6  P l a n t  O p e r a t i o n s  R e c o r d ;  J u n e  2 6 ,  t o  
J u l y  2 2 ,  2 9 6 6 .  



FIGURE 7 .  Thermal  E f f e c t  o f  Ben F r a n k l i n  Dam Super imposed  
on 1966 P l a n t  O p e r a t i o n s  R e c o r d ;  A u g u s t  1 7 ,  t o  
Sep tember  2 0 ,  1966 .  
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S e p t e r n h e r ,  19h6  U c t o h e r ,  1366  

FIGURE 8 .  Thermal  E f f e c t  o f  Ben F r a n k l i n  Dam Super imposed  
on 1966 P l a n t  O p e r a t i o n s  Record ;  Sep t ember  2 0 ,  
t o  O c t o b e r  2 2 ,  2966 .  



Tempera tures  measured a t  t h e  R ich land  F e r r y  s i t e  (below 

t h e  dam) a r e  e x p e c t e d  t o  be s l i g h t l y  h i g h e r  f o r  a l l  b u t  

t h e  h i g h e s t  f low c o n d i t i o n s  d u r i n g  which lower  tempera-  

t u r e s  c o u l d  be e x p e c t e d  t o  p r e v a i l .  

Tempera ture  t r a n s i e n t s  i n t r o d u c e d  by t h e  combina t ion  of 

f l o w  r e g u l a t i o n  and Hanford p l a n t  l o a d  f a c t o r  a r e  some- 

what a m p l i f i e d  by t h e  p r e s e n c e  of  t h e  r e s e r v o i r s ,  e s p e -  

c i a l l y  d u r i n g  A p r i l  t h rough  October  when d e n s i t y  c u r r e n t s  

c o u l d  b e  e x p e c t e d  on t h e  4 0 0 - f t  r e s e r v o i r .  F i g u r e s  5 

and 7 show p e r i o d s  of t ime  when t r a n s i e n t s  a r e  e s p e c i a l l y  

n o t e d .  The Labor Day weekend, combined w i t h  low r i v e r  

f low from P r i e s t  Rapids r e g u l a t i o n ,  c o u l d  be  e x p e c t e d  t o  

produce  a  r e l a t i v e l y  l a r g e  e f f e c t ,  even more pronounced 

t h a n  t h a t  c u r r e n t l y  e x p e r i e n c e d  w i t h o u t  t h e  dam. These 

s p i k e  t r a n s i e n t s  c o u l d  be  e x p e c t e d  t o  be measurab le  f o r  

c o n s i d e r a b l e  d i s t a n c e s  downstream and t o  assume s p e c i a l  

s i g n i f i c a n c e  i f  downstream w a t e r  t e m p e r a t u r e  s t a n d a r d s  

were used  a s  a  b a s i s  f o r  r e g u l a t i o n  of i n t e g r a t e d  h e a t  

i n p u t  t o  t h e  Columbia R i v e r .  

Tempera ture  peaks  i n  e x c e s s  of t h o s e  measured i n  t h e  

n a t u r a l  r i v e r  have been checked a g a i n s t  t h e  q u a n t i t a t i v e  

h e a t  i n p u t  and found t o  be j u s t i f i e d .  The e x p l a n a t i o n  

l i e s  i n  t h e  f a c t  t h a t  t h e  n a t u r a l  r i v e r  i s  r e l a t i v e l y  

l e s s  c o n s e r v a t i v e  of h e a t  t h a n  t h e  impounded r e a c h ,  a  

f i n d i n g  v e r i f i e d  d u r i n g  t h e  r e a c t o r  shutdown p e r i o d  of  

J u l y  th rough  August 1966 when s u r f a c e  h e a t  t r a n s f e r  f o r  

t h e  s w i f t ,  n a t u r a l  s t r e a m  was de te rmined  t o  be a  f a c t o r  

o f  t h r e e  h i g h e r  t h a n  t h e  impounded r e a c h e s .  The Bowen 

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

t o  a c h i e v e  p r o p e r  s i m u l a t i o n .  A l l  s i m u l a t i o n  runs  made 

i n  t h i s  s e r i e s  of computa t ions  r e f l e c t  t h i s  c o r r e c t i o n  

i n  t h e  Bowen r a t i o  t o  t h e  e x t e n t  j u s t i f i e d .  

The b a s i c  computa t ions  of t h e  COL HEAT model a r e  c a r -  

r i e d  o u t  t o  an accuracy  of  p l u s  o r  minus 0 . 2 5  O C .  



W i t h i n  t h e  s t a t e d  a c c u r a c y  o f  t h e  model c o m p u t a t i o n s ,  

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

t h e  r e s e r v o i r  a p p e a r s  t o  be  a  r e a l  o n e .  

Each F i g u r e  ( 4  t h r o u g h  8)  i n d i c a t e s  t h e  e x t e n t  o f  

i n c r e a s e d  t r a v e l  t i m e  t h r o u g h  t h e  impounded a r e a s .  

S i n c e  t h e  f l o w s  change  c o n s i d e r a b l y  d u r i n g  a  t r a n s i t  

t h r o u g h  t h e  r e s e r v o i r ,  t r a v e l  t i m e  i s  d i f f i c u l t  t o  

i l l u s t r a t e  e x c e p t  on a n  a v e r a g e  b a s i s  o v e r  an e x t e n d e d  

t i m e  p e r i o d .  

I n  summar iz ing  t h e  r e s u l t s  o f  t h e  c o m p u t a t i o n  and con -  

v e r t i n g  them t o  r e a d i l y  u s a b l e  fo rm,  a l l  o u t p u t  t e m p e r a t u r e  

c o m p u t a t i o n s  f o r  t h e  e n t i r e  y e a r  were  key punched and  a n a -  

l y z e d  on t h e  same l e a s t  s q u a r e s  f i t t e d  f u n c t i o n a l  model 

employ ing  t h e  LEARN r o u t i n e  d e v e l o p e d  a t  B a t t e l l e - N o r t h w e s t .  (8  ) 

I l l u s t r a t i o n s  o f  t h e  d i r e c t  o u t p u t  f rom t h e  p l o t t i n g  r o u t i n e  

o f  t h i s  program a r e  shown i n  F i g u r e s  9 ,  10 and 11. These  

f i g u r e s  show t h e  computed o u t p u t  f o r  t h e  two d i f f e r e n t  r e s e r -  

v o i r  e l e v a t i o n s  and t h e  a c t u a l  r e c o r d  o f  1966 measurements  a t  

t h e  R i c h l a n d  F e r r y  s i t e .  

T A B L E  I I .  Compara t i v e  R e s u l t s  o f  P r e d i c t i v e  C a l c u Z a t i o n s  

F u n c t i o n s  f i t t e d  t o  t h e  g e n e r a l  model 

T = A + B s i n ( C d  + D ) ,  

where  T = Computed T e m p e r a t u r e  f o r  Day, ( d ) ,  O C  

A = Annual  Average  o f  Model,  O C  

B = Computed E x t r e m e s ,  O C  

C = D a i l y  F u n c t i o n a l  Movement, RAD/DA 

d  = Number o f  days  u n d e r  C o n s i d e r a t i o n  

D = D i s p l a c e m e n t  o f  Tmax f rom A r b i t r a r y  Zero 

(D = 0 .0173  x Days D i s p l a c e d )  

R i c h l a n d  A c t u a l ,  1966 T = 1 2 . 0 4  + 6 .24  s i n ( 0 . 0 1 6 3 d  + 4 . 0 4 )  

3 8 5 - f t  Dam T = 1 2 . 3 4  + 5.95 s i n ( 0 . 0 1 6 3 d  + 3 . 9 7 )  

4 0 0 - f t  Dam T = 1 2 . 5 7  + 5 .86  s i n ( 0 . 0 1 6 3 d  + 3 . 9 1 )  



Jan Feb Mar AP r May ;axe J u l y  Au g S e p t  Oc t Nov I )cc 

FIGURE 9 .  L e a s t  S q u a r e s  M o d e 2  F i t ;  T = 1 2 . 0 3  + 6 . 2 4  
S i n ( O . 0 1 6 3 d  + 4 . 0 4 ) ;  ~ i c h Z a n d  (CY 1 9 6 6  D a t a )  



.Tan F e h  Mar AP r May June  J u l y  Aug S e p t  Oc t No \. I)ec 

FIGURE 1 0 .  L e a s t  S q u a r e s  Model  F i t ;  T = 1 2 . 3 4  + 5 . 9 5  S i n ( 0 . 0 1 6 3 d  + 3 . 9 7 ) ;  
Ben F r a n k l i n  (CY 1 9 6 6  D a t a )  3 8 5 - f t  E l e v a t i o n  



J a n  Feb AP r May June  J u l y  Aug S e p t  O c  t Yov De c 

FIGURE 1 1 .  L e a s t  S q u a r e s  M o d e l  F i t ;  T = 1 2 . 5 7  + 5 . 8 6  S i n ( 0 . 0 1 6 3 d  + 3 . 9 1 ) ;  
B e n  F r a n k l i n  (CY 1 9 6 6  D a t a )  4 0 0 - f t  E l e v a t i o n  



The v a l u e s  f o r  t h e  i n d i v i d u a l  t e rms  t h u s  d e s c r i b e d  summarize 

t h e  t r e n d s  e x p e c t e d  from t h e  c o n s t r u c t i o n  of  t h e  r e s e r v o i r s  

and ,  e x c e p t  f o r  a  s l i g h t  n e t  c o o l i n g  t r e n d  c o v e r i n g  an 

e x t e n d e d  t ime a r e  q u i t e  t y p i c a l  of  o t h e r  

ups t r eam p r o j e c t  r e s u l t s .  The h e a t i n g  t r e n d  f o r  t h e  Ben 

F r a n k l i n  p r o j e c t  i s  r e l a t e d  t o  t h e  combina t ion  of f low r e g u -  

l a t i o n  and r e a c t o r  p l a n t  l o a d  f a c t o r i n g .  T a b l e  111 p r e s e n t s  

v a l u e s  f o r  o t h e r  Columbia R i v e r  p r o j e c t s  s u b j e c t e d  t o  t h e  

same a n a l y s i s  p r o c e d u r e  f o r  t h e  c a l e n d a r  y e a r  1966.  

T A B L E  I I I .  A c t u a l  R e s u l t s  f o r  S e l e c t e d  P o i n t s  f o r  CY 1966 

R i c h l a n d  T = 1 2 . 0 4  + 6 . 2 4  s i n ( 0 . 0 1 6 3 d  + 4.04)  

P r i e s t  Rapids T = 10 .65  + 6 . 6 3  s i n ( 0 . 0 1 6 6 d  + 3 . 9 5 )  

Rocky Reach T = 10 .44  + 6 . 5 3  s i n ( 0 . 0 1 6 3 d  + 3 , 8 0 )  

Grand Coulee T = 10 .40  + 6 . 4 9  s i n ( 0 . 0 1 6 5 d  + 3 .67)  

I n t e r n a t i o n a l    order* T = 9.29  + 6 .26  s i n ( 0 . 0 1 6 5 d  + 4.16)  

B o n n e v i l l e  Dam T = 1 1 . 9 3  + 7.20 s i n ( 0 . 0 1 6 4 d  + 4 .17)  

McNary Dam T = 1 2 . 2 1  + 7.16, s i n ( 0 . 0 1 6 5 d  + 4 .09)  

* The  anomalous  v a l u e  f o r  t h e  I n t e r n a t i o n a l  Border  f o r  CY 1966 
n e e d s  f u r t h e r  i n v e s t i g a t i o n  and e x p l a n a t i o n .  P a r t  o f  t h e  
d a t a  u s e d  a r e  o f  d o u b t f u l  a c c u r a c y .  

A comple te  r e p o r t  of  t h e  a n a l y s i s  of  t h e  t e m p e r a t u r e  t r e n d s  

f o r  a l l  a v a i l a b l e  Columbia R i v e r  dam p r o j e c t s  t e m p e r a t u r e  d a t a  

i s  b e i n g  p r e p a r e d .  The v a l u e s  i n  T a b l e  I 1 1  show t h e  t endency  

of  l a r g e  impoundments t o  d e l a y  t h e  t i m i n g  o f  t h e  n a t u r a l  tem- 

p e r a t u r e  peak .  Tempera ture  peaks  of  t h e  l o w e r ,  l e s s  s i g n i f i -  

c a n t  r e s e r v o i r s ,  on t h e  o t h e r  hand ,  t e n d  t o  c o i n c i d e  more 

c l o s e l y  t o  t h e  normal  t ime  p e r i o d s  c h a r a c t e r i s t i c  o f  n a t u r a l  

r i v e r s ,  The a r r i v a l  of  peak t e m p e r a t u r e  a t  B o n n e v i l l e  f o r  

1966 c o i n c i d e s  w i t h  t h e  t i m i n g  f o r  t h e  I n t e r n a t i o n a l  Border  

f o r  t h e  1966 s e a s o n .  The d e p a r t u r e s  from t h e  mean a l s o  show 

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

n a t u r a l  s t r e a m s .  
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WEATHER C O N D I T I O N S  

FOR C R I T I C A L  T E M P E R A T U R E  M O N T H S ,  1 9 6 6  

( F i g u r e  A - 1 0 )  
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F I G U R E  A-1. D i g i t a l  S i m u l a t i o n  S y s t e m  L o g i c  D iagram 



FIGURE A -  2 .  D i g i t a l  Simu Z a t i o n  S y s t e m  L o g i c  Diagram 
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F I G U R E  A - 3 .  D i g i t a l  S i m u Z a t i o n  S y s t e m  L o g i c  Diagram 
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F I G U R E  A - 4 .  D i g i t a l  S i m u Z a t i o n  S y s t e m  Log ic  Diagram 



Q  V A L U E  5' 
TWS + 1 . 8 * T Q  + 3 2 . 0  

T W S  + T W S  + 0 . 7 5 * ( 1 . 0  + S I N X [ D A T E ( M D Q , M ) ]  

T W S :  

EW + E V C F ( T W S  + 3 0 . 0 )  EW + E V D F ( T W S  + 3 0 . 0 )  

$. 
T R H  + R M ( M D Q , M )  

T D R Y  + T A D ( M D Q , M )  

4 
B E V A  

C o m p u t e  
B E T A  

I 

Q B  + Q B C * [ ( T W S  + 4 6 0 ) ~  - B E T A * ( T O R Y  + 4 6 0 ) ~ ]  
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Q N E T ( M D Q , M , K S Q )  

R E T U R N  17 

Neg 46056-6-C 

FIGURE A -  5 .  D i g i t a l  Simu l a t i o n  S y s t e m  Log ic  Diagram 



SUMS 0 

RHO ( P ( T Q ) *  l.E-2 + . 9 9 ) *  62.43 

1 

4 
> 

RHOQ-RHQ + ( ( ~ ( i )  + F ( L ) ) / 2 . ) *  8 .563E-5  

TD-TQ + (QNET(MDAY,l,KSQ) + Q N E T ( M D A Y , 2 , K S Q ) ) / 6 2 . 4 3 *  1.8*  DELDST(L)  

RHoD-(P(TD)* 1 . E - 2  + . 9 9 ) *  62 .43  

RETURN cL, 

v 

F I G U R E  A - 6 .  D i g i t a l  S i m u l a t i o n  S y s t e m  L o g i c  Diagram 
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SUMS-SUMS + V M ( L , K S Q ) *  S R E S ( L ) *  F L O A T ( L P s ( L , K S Q ) )  v - - 
LWS+1 



- - - - - - - - - - - - - 
I F I R S T  T I M E ,  B U I L D  M A T R I C  ' R '  
I T O  D I S T R I B U T E D  A D V E C T E D  H E A T  

= 1 + ' I  I 
I 
I 

I  I 

l h  
DO f o r  I = 2  t o  5 0  1 

I  L P  + M i n i m u m  ( I  t 2 , 5 0 )  
I 

L U  + M O D ( L U U , 2 0 0 )  + 1 I 
I I 

> I h D O  f o r  J = 2  t o  L P  1 
- * I I 

I 
I 

> - 
C 

I 

I 
I 

L U U  L U U  + 1 I 
K l i T  K N T  + 1 

L U  M O D ( L U U , 2 0 0 )  + 1 I I 

C I 
R E A D  A D V E C T E D  I 

H E A T  C A R D :  
A D A T E ,  T I M E ,  

K S E C ( L U ) ,  A D V E C T ( L U )  

M A T C H  A D V E C T E D  I , M E  
H E A T  C A R D  W I T H  

A 
> 

> 

L t I - I  

< 
-h 

1 K E R R  + 5 

I D A Y ( L U )  + I 

I 
I_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ - - - - - - - _ I  

Neg 46056-7-C 

F I G U R E  A - 7 .  D i g i t a l  S i m u l a t i o n  S y s t e m  L o g i c  D iagram 



HEAT 

---- I M A T C H  F L O W - I N C R E M E N T S  N J B  + N J  
W I T H  R E S E R V O I R S  A A  + N J  

1 
JJ + 1 

V R  + 0  

V  + ( V T O T / V B A S E )  - A A  + V B A S E  

I I 1  + 1 

V  + V  + V B A S E  

I + I + 1  

Neg 4 6 0 5 6 - 8 - C  

FIGURE A - 8 .  D i g i t a  S i m u Z a t i o n  S y s  t e m  L o g i c  D i a g r a m  



BNWL- 7 3 3  

HEAT g1 - ------ -1 

I 

?- I 
I 
I CLEAR ADVECTED 

I 
HEAT M A T R I X  

I 
L - - - - - - - - - - - - - - -! 

Neg 4 6 0 5 6 - 1 - C  

4 I 
' e a t  I 
S 

I 
I 
I 

I 
I 
I 

I A 

I 
I 

I 
I 

F I G U R E  A - 9 .  

L + M O D ( L ~ , ~ O O )  + 1  A l l o c a t e  A d v e c t e d  H  
t o  F l o w - I n c r e m e n t  

< - 

D i g i t a l  S imu  l a t i o n  S y s t e m  L o g i c  Diagram 

1 

I T  + I D A Y ( L )  + N J  - K  + 1 
AA + m i n  ( F R A C ( I T ) , K S E C ( L )  
B B  + m a x  ( F R A C ( 1 T  - I ) ,  K S E C ( L )  - 1 )  
CC + AA - B B  

1 L l + L l + l  
I 

< 
* - 

I 
I 



Y W - 2 5  - - - 
-r - 2 0  a t  E l e v  1 1 6 0  MSL 

3 u 01 

-1 5  

3 e 
: 1 0  - 
L ,. 

5 

5 0 

5 1 0  1 5  2 0  2 5  5 1 0  1 5  2 0  25 5  1 0  1 5  2 0  2 5  5  1 0  1 5  2 0  2 5  5  10 1 5  2 0  2 5  5 1 0  1 5  2 0  2 5  

Juiy Augus t  September  O c t o b e r  Vovember Ilecembcr 

FIGURE A - 1 0 .  Weather  C o n d i t i o n s  f o r  C r i t i c a Z  Tempera ture  Months--1966 



Distr-1 

D I S T R I B U T I O N  

No. of 
Copies 

2 AEC Chicago Patent G r o u ~  - Richland 

G. H. Lee 
R. K. Sharp 

270 AEC Division of Technical Information Extension 

10 AEC Library, Washington 
Division of Reactor Development and Technology 

I. C. Roberts (5) 
W. G. Belter 

Division of Intelligence 

J. A. Sohngen 

Division of Isotope Development 

R e  Butinhoff 

Division of Operational Safety 

A. A. Schoen 

Division of Biology and Medicine 

John Wolfe 

AEC RDT Site Re~resentative - PNL 

P. G. Holsted 

AEC Richland O~erations Office 

W, Devine 
C, R, Qualheim 
C .  L o  Robinson 
M, W, Tiernan 
Technical Information Files (3) 

Battelle Memorial Institute - 
G. E. Raines 
Files (33 

Bonneville Power Administration 
P.O. Box 3621 
Portland, Oregon 97208 

W. Delay 
H. M. McIntyre 
F. A. Limpert 



No. o f  
C o p i e s  

B r i t i s h  Columbia  Hydro and  Power A u t h o r i t y  
970 B u r r a r d  S t r e e t  
Vancouve r ,  B .  C . ,  Canada 

T.  F .  Daggs 

Che lon  County  P u b l i c  U t i l i t y  D i s t r i c t  
P.O. Box 1 2 3 1  
Wena t chee ,  Wash ing ton  

K .  B i l l i n g s l y  
J .  H .  S c h r e n g o h s t  

Depa r tmen t  o f  E n e r g y ,  Mines  and  R e s o u r c e s  
P l a n n i n g  D i v i s i o n ,  
O t t awa  4 ,  O n t a r i o ,  Canada 

E .  R .  T i n n e y ,  C h i e f  

Douglas  U n i t e d  N u c l e a r  

R .  G .  G e i e r  
F i l e s  

E d i s o n  E l e c t r i c  I n s t i t u t e  
7 5 0  T h i r d  Ave.  
New York ,  New York 10017 

J .  Mason G u i l l o r y  

I l l i n o i s  S t a t e  Wate r  S u r v e y  
Champaign,  I l l i n o i s  

W .  C .  Ackermann 

New York S t a t e  Depa r tmen t  o f  C o n s e r v a t i o n  
A l b a n y ,  New York 

N .  L .  B a r b a r o s s a  
L .  G .  H e t l i n g  

Oak Ridge  N a t i o n a l  L a b o r a t o r y  
B u i l d i n g  9201 -3  
P.O. Box Y 
Oak R i d g e ,  T e n n e s s e e  37830 

S .  E .  B e a l l ,  J r .  

P o r t l a n d  G e n e r a l  E l e c t r i c  Company 
6 2 1  S.W. A l d e r  S t r e e t  
P o r t l a n d ,  Oregon 97205 

E .  C .  I t s c h n e r  

Oregon  S a n i t a r y  A u t h o r i t y  
S t a t e  O f f i c e  B l d e .  
P o r t l a n d ,  0 r e g o n v  97201 

K .  H .  S p i e s  



No. of  
Copies  

Tennessee  V a l l e y  A u t h o r i t y  
N o r r i s ,  Tennessee  

Rex E l d e r  

Oregon S t a t e  F i s h  Commission 
1 4 0 0  S.W. 5 t h  
P o r t l a n d ,  Oregon 97201 

Ron Hasselman 
K .  P .  Conover 

Oregon S t a t e  Game Commission 
1624 S.W. A l d e r  
P o r t l a n d ,  Oregon 97205 

C .  J .  Campbell 
W .  E .  P i t n e y  

U.S. Department of  I n t e r i o r  
Bureau o f  Commercial F i s h e r i e s  
P.O. Box 4332 
P o r t l a n d ,  Oregon 97205 

S .  G .  J e w e t t ,  J r .  
D .  T .  Montgomery 
R .  T .  P r e s s e y  

U.S. Department  of  I n t e r i o r  
Bureau o f  S p o r t  F i s h e r i e s  and W i l d l i f e  
7 1 0  N , E .  ~ o i l a d a ~  
P o r t l a n d ,  Oregon 97232 

L. E .  P e r r y  

U.S. Department  of  I n t e r i o r  
Bureau o f  S p o r t  F i s h e r i e s  and W i l d l i f e  
S .  2 2 2  S c o t t  
Spokane,  Washington 99202 

Douglas G i l s o n  

U.S. Army Corps of  E n g i n e e r s ,  North P a c i f i c  Div.  
417 Custom House 
P o r t l a n d ,  Oregon 

D .  M .  Rockwood 

U.S. Army Corps of  E n g i n e e r s ,  North P a c i f i c  Div.  
Walla  Walla  D i s t r i c t  O f f i c e  
Walla  Wal l a ,  Washington 

Melvin Ord 



No. o f  
C o p i e s  

U.S .  Army Corps  o f  E n g i n e e r s ,  Ohio R i v e r  D i v .  
550 Main S t r e e t  
C i n c i n n a t i ,  Ohio  45202 

G .  H. Von Gunten 

U.S,  Army Corps  o f  E n g i n e e r s ,  S e a t t l e  D i s t r i c t  
1519 A l a s k a n  Way S o u t h  
S e a t t l e ,  w a s h i n i t o n  98134 

R .  J .  Ayre s  
P .  J .  Keough ( 2 )  
Norman McDonald 

U.S .  Army Corps  o f  E n g i n e e r s ,  P o r t l a n d  D i s t r i c t  
P i t t o c k  B lock  
P o r t l a n d ,  Oregon 97205 

P e t e r  Boyer  

U.S.  Depa r tmen t  o f  I n t e r i o r  
Bu reau  o f  Commercia l  F i s h e r i e s  
2725 Mon t l ake  B l v d .  
S e a t t l e ,  Wash ing ton  98102 

G .  R, S n y d e r  

U.S. Depa r tmen t  o f  I n t e r i o r  
B u r e a u  o f  R e c l a m a t i o n  
6728 Pomona S t r e e t  
B o i s e ,  I d a h o  

J .  C .  P e t e r s o n  

U.S.  Depa r tmen t  o f  I n t e r i o r  
Bu reau  o f  S p o r t  F i s h e r i e s  and  W i l d l i f e  
8 1 1  N , E ,  0 r k g o n  
P o r t l a n d ,  Oregon 

L, E .  P e r r y  

U. S .  Depa r tmen t  o f  I n t e r i o r  
O f f i c e  o f  Wa te r  R e s o u r c e s  R e s e a r c h  
W a s h i n g t o n ,  D , C o  

E. D .  E a t o n  

U.S.  Depa r tmen t  o f  I n t e r i o r  
Wate r  R e s o u r c e s  D iv .  
2300 J o h n  F ,  Kennedy B l d g .  
B o s t o n ,  M a s s a c h u s e t t s  02203 

C .  E. Knox 



No. of 
Co~ies 

BNWL- 733 

U.S. Geodetic Survey 
Water Resources Div. 
1305 Tacoma Ave., South 
Tacoma, Washington 98402 

W. D. Simons 

U,S. Geological Survey 
605 N. Neal Street 
Champaign, Illinois 

W. D. Mitchell 

Washington State Dept. of Fisheries 
General Administration Building 
Olympia, Washington 98502 

E ,  H. Lemier 
W. H. Rees 
Lloyd Rothfus 

Washington State Pollution Control Commission 
P.O. Box 829 
Olympia, Washington 

George Hansen 

Washington State University 
Water Resources Research Center 
Pullman, Washington 

Howard Copp 

Water Pollution Control Administration 
Columbia Basin Project 
570 Pittock Block 
Portland, Oregon 97205 

R .  W e  Zeller 

Water Pollution Control Administration 
Robert A. Taft Center 
4676 Columbia Parkway 
Cincinnati, Ohio 

J. M. Symons 

Water Pollution Control Administration 
Pacific Northwest Water Laboratory 
Corvallis, Oregon, 97330 

A. F. Bartsch 
B. A. Tichenor 



1 Water  R e s o u r c e s  R e s e a r c h  I n s t i t u t e  
Oregon S t a t e  U n i v e r s i t y  
C o r v a l l i s ,  Oregon 

J o h n  S e a d e r s  

3 Yankee Atomic E l e c t r i c  Company 
441 S t u a r t  S t r e e t  
B o s t o n ,  M a s s a c h u s e t t s  02116 

J. W. Lebourveau  

4 9  B a t t e l l e - N o r t h w e s t  

R .  F. C o r l e t t  
J .  P .  C o r e l y  
C .  C .  C o u t a n t  
J .  F.  F l e t c h e r  
R .  F .  F o s t e r  
W. A .  Haney 
J .  F. Hons t ead  
M .  H .  K a r r  
L .  P .  King 
R .  T .  J a s k e  ( 3 0 )  
R .  E .  N a k a t a n i  
R .  L .  Reynolds  
C ,  J .  T o u h i l l  
W. A .  Wa t t s  
T e c h n i c a l  I n f o r m a t i o n  F i l e s  ( 5 )  
T e c h n i c a l  P u b l i c a t i o n s  




