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T H E R M A L  M O D I F I C A T I O N  O F  R I V E R  W A T E R  Q U A L I T Y  

R .  T .  J a s k e  

I N T R O D U C T I O N  

Dur ing  t h e  p a s t  f i v e  y e a r s  a  g r e a t  d e a l  o f  a t t e n t i o n  h a s  

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

l a k e s  and s t r e a m s  r e s u l t i n g  f rom t h e  a c t i v i t i e s  o f  man i n  

u t i l i z i n g  n a t u r e ' s  abundance f o r  h i s  own p u r p o s e s .  E f f o r t s  a t  

Hanford  i n c l u d e  e x t e n s i v e  d a t a  summar ies ,  advancements  i n  w a t e r  

t r e a t m e n t ,  m a t h e m a t i c a l  s i m u l a t i o n  of  w a t e r  q u a l i t y ,  and p i o -  

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

t o  enhance  w a t e r  t e m p e r a t u r e s  f o r  t h e  combined p u r p o s e s  o f  

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

I n  o r d e r  t o  e v a l u a t e  t h e  r e s u l t s  o f  t h i s  c o o l i n g  p rog ram,  

a  sy s t em o f  d a t a  c o l l e c t i o n  p o i n t s  was i n s t a l l e d  ( F i g u r e  I ) ,  

w i t h  p a r t i c u l a r  emphas i s  on measurement a c c u r a c y .  The r e s u l t -  

i n g  t e m p e r a t u r e  d a t a  have been  u sed  t o  d e v e l o p  an e n v i r o n m e n t a l  

s i m u l a t i o n  model c a p a b l e  of  p r e d i c t i n g  t e m p e r a t u r e  and a s s o c i -  

a t e d  w a t e r  q u a l i t y  v a r i a b l e s  t o  a  h i g h  d e g r e e  of  a c c u r a c y .  

Al though  a  f l o w - t h r o u g h  model o f  t h i s  t y p e  i s  c a p a b l e  of  g r e a t  

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

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

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

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

The a v a i l a b i l i t y  o f  a n a l y t i c a l  t e c h n i q u e s  d e r i v e d  f rom 

a p p l i e d  p h y s i c s  r e s e a r c h  a t  t h e  P a c i f i c  Nor thwes t  L a b o r a t o r y  

( B a t t e l l e - N o r t h w e s t )  made i t  p o s s i b l e  t o  u t i l i z e  e x i s t i n g  

d a t a  i n  a  form n e v e r  b e f o r e  a t t e m p t e d .  A computer  method of  

l e a s t  s q u a r e s  a n a l y s e s  (Code LEARN) h a s  p e r m i t t e d  t h e  g e n e r a -  

t i o n  of  a  s e r i e s  o f  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  models 

which fo rm t h e  b a s i s  f o r  t h e  c o n c l u s i o n s  o f  t h i s  work.  
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C H I E F  JOSEPH 

ROCKY REACH 

ROCK ISLAND 

WANAPUM 

Neg 0 6 6 2 0 9 0 - 4  

FIGURE I .  P r o j e c t s  U s e d  i n  The  S t u d y  
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I n  t h i s  e a s e ,  t h e  f o n c t n o n  T = A ,- B s - r ~  Ci D j h c r i g i -  
' -  7 

n a l l y  used  I n  cceanography and d e s c ~ i b e d  by lVa-rdti" was a d o p t e d  

because  of  t h e  e x c e l l e n z e  o f  r e p r e s e n t a t n s n  3f dnnua l  tempera-  

t u r e  d a t a  a f f o r d e d  by i t s  u s e ,  I n  t h e  o p e a a t a o n s  r e s e a r c h  

supporting t h n s  s t u d y ,  t h e  d a t a  p o i n t s  h e r e  grouped b y  y e a r  

from J a n u a r y  l th rough  Derember 3 1  u s l n g  3 6 5  sa 366 days pe r  

y e a r  a s  a p p r o p r i a t e ,  The d a t a  were t h a n  a n a l y z e d  by means of 

a n o n l n n e a r ,  maximum-iikelnhood,  Beas t  squa re s  f i e  r 3 u t ~ n e  

c a p a b l e  of  handlnng n o n l i n e a r s t ~ c s  and saddeLe po,nrs ~ e l i a b l y ,  

T h i s  program, deve loped  by t h e  AppZaed Physnss  and E P e c t ~ o n i e s  

Department  o f  P a c i f i c  Nor thwest  L a b o r a t c r y  1 s  called program 

MISFIT-LEARN and can  be  c o n v e n i e n t l y  a d a p t e d  t o  a  v a r r e t y  c f  

computers  such  as t h e  IBM 7 0 9 0  o r  t h e  l a rge ;  Unlv&~ IbB08 ,  

LEARN makes u s e  o f  numer le  round ing  f o r  ac:uiacy, l i d - e o n d i t l o n e d  

m a t r i x  i n v e r s i o n  l o g s c ,  and s t a t f  s t - c a l  de te rmanatkon a f  s a d d l e  

p o i n t s  on t h e  p a r a m e t r i c  s u r f a c e ,  In  a d d ~ t i o n ,  it con tanns  a 

t-cl~o-stage r e c o v e r y  l o g r c ,  I f  rhe  u s u a l  f 1 r s t  0,: dex appzoxima- 

t i o n  f a i l s ,  t h e  r o u t i n e  t r i e s  t h e  second  o r d e i  terms ef t h e  

m u l t n v a r i a t e  T a y l o r  expansaon,  F a l l i n g  t h ~ s ,  t h e  s ~ u t , n e  

b ranches  i n t o  a  s e r i e s  of  apprcxamat lons  b e s t  d e s ~ r l b e d  ss  

" r e v e r s e  and h a l v e  t h e  l a s t c h a n g e "  l o g r c ,  The a i l&kys i ;  o f  

t h e  d a t a  y i e l d s  t h e  b e s t - f ~ t  p a r a m e t e r s  and ,  In a d d i t , 3 ~ ~ ,  

produces  t h e  roo t -mean-  s q u a r e  e r r o r  as5oc;a r 2d W L  ch  hat 

, p a r a m e t e r  e s t i m a t e  

Also  i n c l u d e d  as oufpue  Ss a s e r n e s  ~f g r a r h s  p;ckted by- 
L 

t h e  Benson-Lehner  p l o t t e r  f rom m a g n e t ~ c  t a p e 3  g e n e r a t e d  by t h e  

computer ,  These p l o t s  include t h e  o b s e r v e d  dhtd, t h e  c a l s u -  

l a t e d  c u r v e ,  and a n o t h e r  p a n r  o f  c u r - ~ e s  s f  + cine s t a n d a r d  

d e v i a t i o n  on each  s i d e  o f  t h e  c a l c u l a t e d  c 3 ; v e ,  Exampies of  
( a  r t h e s e  p l o t s  a r e  shown i n  Fngures  2 ,  3 ,  and + 

" A = model mean, B = computed e x t r e m e ,  C = d a ~ l y  s h i f t ,  
D = peak s h i f t  
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FIGURE 2 .  R o c k y  Reach - U . S . G . S .  Y e a r  1 9 3 8 - 3 9  



0 
J a n .  Feb. M a r .  A p r .  M a y  J u n e  J u l y  A u g .  S e p t .  Oc t .  Nov.  D e c .  

T = 10.40 + 7.20 S i n  (0.0164d + 3.74)  

Neg 0 6 6 2 0 9 0 - 2  

F I G U R E  3 .  Grand Coulee - Calendar  3 9 6 5  Water  Tempera tures  



T = 1 0 . 6 4  t 7.40 S i n  1 0 . 0 1 6 9 d  t 3 . 8 9 1  
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J a n .  F e b .  M a r .  A p r .  M a y  J u n e  J u l y  A u g .  S e p t .  Oct .  Nov.  D e c .  

1 9 6 5  

F I G U R E  4  

P R I E S T  R A P I D  GAGE 

lVeg 0 6 6 2 0 9 0 - 3  

F IGUBE 4 .  P r i e s t  Rapid8 Gage - CaZendar 1965 Water l 'emperatures 
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I f  a  f u n c t i o n  o f  t h e  form T = A * B s ~ n  (Cd + D) 1 s  f i t t e d  

t o  annua l  t e m p e r a t u r e  d a t a ,  t h e n  C B 2 ~ 6 3 6 5 - 2 5  0 , 0 1 7 ,  A s  an 

added check on t h e  goodness  of f i t ,  t h i s  p a r a m e t e r  was a l lowed  

t o  v a r y  i n  each  c a s e  i n  o r d e r  t o  s e e  whah v a l u e  t h e  computer 

would c a l c u l a t e ,  T a b l e  I  shows a  s e r i e s  o f  v a l u e s  of  a l l  f o u r  

p a r a m e t e r s  f o r  a  s e r i e s  of  d a t a  p o l n t s  from t h e  I n t e r n a t i o n a l  

Border  t o  B o n n e v i l l e  Dam f o r  t h e  Ca lendar  Year 1966,  

T A B L E  I. Values f o r  CJ' 1 9 6 6  

A ,  
Annual Computed D a i l y  
Average Extreme- S h i f t - C  

O C B-"C Radians 

I n t e r n a t i o n a l  Border  9  . 2 9  6 . 6 7  0 , 0 1 7  

Grand Coulee 1 0 , 4 0  6 , 4 9  0 ,0165  

Rocky Reach 10 .44  6 , 5 3  OP0163 

P r i e s t  Rapids 1 0 , 6 5  6 , 6 3  0 ,0166 

Rich land  

McNary Dam 

B o n n e v i l l e  Dam 1 1 - 9 3  7 , 2 0  0 ,0164 

Peak 
S h i f t - D  
Radians  

Computat ions made d u r i n g  t h e  most r e c e n t  f i s c a l  y e a r  

s u p p o r t  t h e  c o n c l u s i o n s  of a  p r e l i m i n a r y  s t u d y ,  ''I  east- 
s q u a r e s - f i t t e d  models have  been g e n e r a t e d  f o r  all of  t h e  major 

p r o j e c t s  f o r  which d a t a  have been  c o l l e c t e d  o v e T  s e v e r a l  y e a r s ,  

These i n c l u d e  t h e  f o l l o w i n g :  

B o n n e v i l l e  Dan 

McNary Dam 

I c e  Harbor  Dam 

Rich land  F e r r y  

P r i e s t  Rapids 

Rock I s l and-Rocky  Reach 

Grand Coulee 

I n t e r n a t i o n a l  Borde r  



BNWL- 719 

T A B L E  II, C ~ m p a r i s o n  of T ~ e n d s  

Upper Extreme- Lower Ext reme-  
Mean-'C Mean-"C Mean - 'C 

Rock I s l a n d  18 0  1 0 - 6  2 , 9  

B o n n e v i l l e  P9,O 1 1 , 4  3 - 8  

a ; 0 - 8 8  a = 0,8T T = 1 , 0 6  

S e v e r a l  of  t h e  t r e n d s  o b s e r v e d  I n  eomparlng t h e  r e s u l t s  

of  e x t e n d e d  a n a l y s e s  a r e  of g r e a t  s n g n l f i c a n c e  i n  u n d e r s t a n d i n g  

t h e  o v e r a l l  e f f e c t s  of  t h e  combnned c o n s t r u e t r o n  o f  dams and 

o t h e r  i n d u s t r i a l  p l a n t s  knvo lv ing  t h e r m a l  w a s t e  d n s c h a r g e s  , A 

c a r e f u l  rev iew o f  t h e  d a t a  nn Fngure 5 whnch compares t h e  

v a l u e s  computed f o r  t h e  A ( annua l  a v e r a g e )  and B (computed 

ext reme)  te rms y a e l d s  t h e  following o b s e r v a t i o n s  ( s e e  T a b l e  I I  

a l s o )  : 

The a n n u a l  mean t e m p e r a t u r e  computed f o ~  Rock I s l a n d -  

Rocky Reach f o r  t h e  p e r l o d  1934 t 3  p r e s e n t  shaws a  s l i g h t  

i n c r e a s e  o f  abou t  0  2 t o  0  4  "C, Thvc s s  a b o u t  o n e - h a l f  

o f  a  s t a n d a r d  d e v r a t ~ o n  f o r  t he  p e r l o d  stated* The annua l  

mean computed f o r  BonnevlPle  d u ~ l n g  t h e  p e r i o d  1939 t o  

p r e s e n t  shows a  l e s s e r  o v e r a l l  e k f e c t  and a p p e a r s  t o  

r e f l e c t  a d e f i n i t e  downturn f o r  t h e  p e r ~ o d  1960 t o  p r e s e n t ,  

a f t e r  t h e  peak o f  1958,  The r ePa t ;onsh ip  between t h e  com- 

p u t e d  means f o r  t h e  two d a t a  s e t s  shows a s ~ g n i f i a s a n t  

d e p a r t u r e  f o r  t h e  p e ~ i o d  1944 t a  1 9 4 8  and a g a l n  1950 t o  

p r e s e n t ,  I t  1 s  a p p a r e n t  t h a t  some e x t e r n a l  i n f l u e n c e  

between t h e s e  dzm l o c a t i o n s  i s  add lng  h e a t  t o  t h e  r i v e r ,  

2) The computed u p p e r  and Power ex t remes  w i t h  t h e  e x c e p t i o n  

of  1948,  t h e  f l o o d  y e a r ,  show a  c l o s e  relationship and 

c o n s i s t e n t l y  r i s e  and f a l l  t o g e t h e r  The two groups  o f  

d a t a  t e n d  t o  s e p a r a t e  i n  t h e  c a s e  of t h e  upper  ex t reme 

by v a l u e s  a b o u t  e q u a l  t o  t h e  separation of  t h e  means,  
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- 
- 
- 

B o n n e v i l l e  
- A 

- 

- \ / 

- 
- R o c k  I s l a n d  

- U p p e r  E x t r e m e s  

- 

- 
- B o n n e v i l l e  

- 

- 
- 

Rock I s l a n d  C o m p u t e d  M e a n s  - 
- 

- 

- 

- 
B o n n e v i l l e  

Lower E x t r e m e s  

C a l e n d e r  Y e a r s  
Neg 0 6 7 3 4 4 3 - 1  

F I G U R E  5 .  Computed Temperature Trends ,  1 9 3 8 - 1 9 6 6  
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w h l l e  t h e  upper  ex t reme of Rock I s l a n d  c o n t i n u e s  a  s t e a d y  

d e c r e a s e ,  During t h e  r e c e n t  p e r i o d  of  1960 t o  p r e s e n t  

b o t h  t h e  upper  and lower ex t r emes  show a s h a r p  t endency  

t o  converge  on t h e  mean, Again,  n t  15 p l a i n  t h a t  a  s t r o n g  

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

r educed  t h e  d e p a r t u r e  from t h e  mean, T h i s  t i m i n g  c o i n c i d e s  

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

upper  Columbia,  

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

i n  t h e s e  d i f f e r e n c e s ,  a d d i t i o n a l  runs  were  made i n  o r d e r  t o  add 

t h e  e f f e c t s  o f  i n t e r m e d i a t e  p r o j e c t s  - F i g u r e  6  f l l u s t r a t e s  t h e  

computed p a r a m e t e r s  f o r  s i x  p r o j e c t s  f o r  which d a t a  a r e  a v a i l -  

a b l e  s i n c e  1961 ,  I n s p e c t i o n  o f  t h e s e  d a t a  y i e l d s  f u r t h e r  

observations : 

1)  The v a l u e s  f o r  t h e  means and t h e  ex t r emes  f a l l  i n t o  d i s -  

t i n c t  g r o u p s ,  t h o s e  above t h e  Hanford P r o j e c t  and t h o s e  

below i t ,  F u r t h e r ,  t h e  mean v a l u e s  f o r  I c e  Harbor  a r e  

e s s e n t i a l l y  e q u a l  t o  t h e  McNary v a l u e s  and c o u l d  n o t  

a c c o u n t  f o r  more than  a  f r a c t i o n  o f  t h e  d i f f e r e n c e  between 

t h e  upper  and lower  s e t s  b e c a u s e  of t h e  g r e a t l y  l e s s e r  

f low o f  t h e  Snake R i v e r .  

2 )  The v a l u e s  o f  t h e  means f o r  t h e  p e r i o d  1960 t o  p r e s e n t  

show no s i g n i f i c a n t  t r e n d  o r  d e p a r t u r e  from t h e  group 

r e s p o n s e  t o  kndav idua l  y e a r l y  w e a t h e r  p a t t e r n s ,  

3 )  The upper  and lower  ex t r emes  f o r  b o t h  PPOjeCe s e t s  show a  

common convergence  toward  t h e  mean, T h i s  1s more p s o -  

nounced f o r  t h e  ups t r eam locations t h a n  t h o s e  downstream 

indicating t h a t  a  nonweather  r e l a t e d  influence i s  o v e r -  

riding t h e  ave rage  convergence  t o  a  s l i g h t  e x t e n t ,  

4 )  The upper  and lower  computed ex t remes  f o r  t h e  Snake 

R l v e r ,  a more n a t u r a l  s t r e a m  a t  t h i s  s t a g e  I n  t i m e ,  a r e  

significantly h l g h e r  and lower  t h a n  t h e  Columbia R i v e r  

group and s n m i l a r  t o  t h e  h i s t o r ~ e  v a l u e s  f o r  BonneviPle  

b e f o r e  t h e  e r e c t i o n  o f  Grand Coulee Dam, 
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5 )  The d a t a  f o r  t h e  p r o j e c t s  u p - r n v e r  from Hanford  have  

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

t i o n  i n  v a l u e s  of  t h e  e x t r e m e s ,  On %he o t h e r  hand ,  t h e  

McNary and B o n n e v i l l e  d a t a  groups  show e f f e c t s  p e c u l i a r  t o  

a  c o o l i n g  t r e n d  w i t h  t h e  B o n n e v i l l e  P r o j e c t  showing s i g n i f i -  

c a n t  lower  v a l u e s  f o r  b o t h  t h e  annua l  mean and t h e  lower  I 

e x t r e m e s ,  

S i n c e  t h e s e  two d a t a  groupnngs would t e n d  t o  c r e a t e  t h e  impres -  

s i o n  t h a t  t h e  e r e c t i o n  of t h e  Columbka R i v e r  Dams have  had  l i t t l e  

o r  no e f f e c t  on t h e  w a t e r  t e m p e r a t u r e ,  r e f e r e n c e  t o  F i g u r e  7 i s  

n e c e s s a r y  t o  comple te  t h e  a n a l y s i s  of t r e n d s ,  F i g u r e  7 i n d i c a t e s :  

1 )  A s h a r p  and permanent  change i n  t h e  t i m l n g  of  t h e  peak 

t e m p e r a t u r e  a t  Rock I s l a n d  commencing w i t h  t h e  f i l l i n g  

of  Lake R o o s e v e l t  i n  1941-1942 ,  The permanent  change 

amounts t o  abou t  30 d a y s ,  t h e  ave rage  t r a n s p o r t  t ime  f o r  

t h e  mean annua l  f low th rough  Lake R o o s e v e l t ,  

T h i s  s h a r p  and permanent  s h i f t  1 s  a l s o  o b s e r v e d  a t  

B o n n e v i l l e  Dam a l t h o u g h  t o  a  l e s s e r  e x t e n t ,  The two 

p r o j e c t s  r e v e a l  s u r p r i s i n g l y  s ~ m i l a r  s h i  f t s  I n  r e s p o n s e  

t o  annua l  w e a t h e r  c y c l e s ,  WhnPe t h e  Rock I s l a n d  peak 

h a s  s t a b i l i z e d  a t  abou t  September 20, t h e  B o n n e v i l l e  

peak h a s  contnnued t o  o c c u r  l a t e r  and l a t e r  as  l o n g e r  

and l o n g e r  f l o w  t imes  r e s u l t  f rom t h e  a d d l t i o n  of up- 

s t r e a m  p r o j e c t s ,  The c l o s e  r e l a t i o n s h i p  s f  McNary and 

B o n n e v i l l e  ' i n d i c a t e  l l t t l e  o r  no c o o l i n g  t a k e s  p l a c e  

i n  t h e  r e a c h  between t h e s e  p r o j e c t s .  

33 The v a l u e s  f o r  t h e  P r i e s t  Rapids P r o j e c t  c l o s e l y  r e semble  

peak t e m p e r a t u r e  p a t t e r n s  f o r  Rock I s l a n d ,  The d a t e  

d i f f e r e n c e s  o f  abou t  7 t o  1 0  days appea r  t o  be r e l a t e d  

t o  t h e  t r a v e l  t ime th rough  Wanapum and P r r e s t  Rapids 

r e s e r v o i r s  i n  a b o u t  t h e  same manner a s  Grand Cou lee ,  
, 

4 )  A l l  p r o j e c t s  have  s t r o n g  indications of r e s p o n d i n g  i n  

unison t o  r e g i o n a l  w e a t h e r  i n f l u e n c e s .  For example,  a l l  
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p r o ~ e c t s  show e a r l y  peak a r r i v a l s  on h i g h  t e m p e r a t u r e  

y e a r s ,  C l e a r l y ,  r e g i o n a l  i n f l u e n c e s  beyond t h e  scope  

o f  man" a c t t l v i t y  a f f e c t  a l l  w h t e r  t e m p e r a t u r e s  t o  a  

s u r p r i s i n g l y  similar e x t e n t ,  even  i n  unconnected  p o r t i o n s  

o f  s t r e a m s .  

C O N C L U S I O N S  

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

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

work, ( 3 9 4 )  t h e  f o l l o w i n g  conclusions r e g a r d i n g  t h e  t e m p e r a t u r e s  

o f  t h e  Columbia R i v e r  Bas ln  w i t h l n  t h e  c o n t i n e n t a l  U n i t e d  

S t a t e s  a p p e a r  a p p r o p r i a t e ,  

1)  The e r e c t i o n  o f  hydraulic power dams and r e s e r v o i r s  on 

t h e  Columbia R i v e r  h a s  h a d  o n l y  a  nominal  e f f e c t  on t h e  

a n n u a l  mean t e m p e r a t u r e  of  t h e  e n t i r e  s y s t e m ,  Th i s  

e f f e c t  i s  l e s s  t h a n  1 "C o v e r  t h e  30-yea r  p e r i o d  

1936 t o  1966 ,  The e x t e n t  of t h i s  change c o u l d  e a s i l y  be  

a t t r i b u t a b l e  t o  l o n g - t e r m  w e a t h e r  changes due t o  c a u s e s  

beyond t h e  scope  o f  t h i s  s t u d y ,  

The e r e c t i o n  o f  t h e s e  p r o ~ e e t s  has  s i g n i f i c a n t l y  a l t e r e d  

t h e  t i m i n g  o f  t h e  a n n u a l  t e m p e r a t u r e  and h a s  t o  a  Blmi ted  

e x t e n t ,  a l t e r e d  t h e  s e a s o n a l  e x t r e m e s ,  Where a n n u a l  peak 

t e m p e r a t u r e s  i n  t h e  n a t u r a l ,  undeveloped r l v e r  once 

o c c u r r e d  i n  mld-Augus t ,  t h e  cons t r u c t i o n  sf r e s e r v o i r s  

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

t r a v e l  t lme th rough  t h e  s y s t e m ,  The p e r s i s t e n c e  o f  t h i s  . 
e f f e c t  v e r i f i e s  t h e  p r e d i c t i o n  o f  h i g h  t h e r m a l  i n e r t i a  f o r  

Bakes and s t r e a m s  whlch h a s  been  o b s e r v e d  p r e v i o u s l y  13) 

Thus,  t h e  movlng o f  a  r e l a t i v e l y  i d e n t n c a l  annua l  c y c l e  

l a t e r a l l y  on t h e  t ime  s c a l e  c r e a t e s  t h e  appea rance  of  

warmer w a t e r  i n  l a t e r  f a l l  months and l e a d s  t o  t h e  con-  

c l u s i o n  by r e l a t i v e l y  uninformed o b s e r v e r s  t h a t  dam c a n -  

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

t h e  r e s e r v o i r  t e n d s  t o  s l i g h t l y  c o o l  t h e  r i v e r  i n  more 
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c a s e s  t h a n  n o t ,  and t h e  n e t  e f f e c t  rs t h e  tzme d i s p l a c e -  

ment of  a  r e l a t i v e l y    den tical thermodynamic h i s t o r y ,  

T h i s  i s  e s p e c ~ a l l y  t r u e  f o r  sys tems w ~ t h  l a r g e  r e s e r v o r r  

t o  mean-flow r a t i o s ,  

3)  T h i s  rev iew p r o v i d e s  f u r t h e r  confn rmat ion  o f  p r e v i o u s  

p u b l i s h e d  work (3 )  t h a t  i n  t h e  r each  between Grand Coulee 

and t h e  Hanford  p l a n t  6 5  t o  8 5 %  o f  a  one d e g r e e  change 

i n  r l v e r  t e m p e r a t u r e  a t  t h e  upper  l o c a t i o n  p e r s i s t s  t o  

t h e  lower  o n e ,  Roughly,  t h i s  r e l a t i o n s h f p  can be  

e x p e c t e d  t o  a p p l y  a s  w e l l  t o  t h e  e n t i r e  main s t em down 

t o  t h e  e s t u a r y ,  There  i s  i n d n e a t i o n  t h a t  t h e  a r t i f i c i a l  

change of t e m p e r a t u r e  f o r  any r e a s o n  i n  a ma jo r  s t r e a m  

such  as  t h e  Columbia w r l l  p e r s l s t  f o r  ex tended  pe rnods  

o f  t ime  and co r respondang ly  of  dimensaan 

4) The e r e c t i o n  of  t h e  Canadian dams on t h e  Columbia R i v e r  

headwate r  s t r e a m s  can be  e x p e c t e d  t o  have  c o n s i d e r a b l e  

e f f e c t  on t h e  annua l  t e m p e r a t u r e  c y c l e  o f  t h e  Columbia 

R i v e r  t h r o u g h o u t  i t s  e n t i r e  l e n g t h ,  On t h e  b a s i s  of 

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

d e l a y s  o f  from 20 t o  40 days wr lP  r e s u l t  f rom t h e  u p s t r e a m  

impoundments and t h a t  t h e r e  may b e  some r e d u c t i o n  o f  

c r i t i c a l  summer and f a l l  w a t e r  t e m p e r a t u r e s  r e s u l t i n g  

from t h e  exposure  s f  w a t e r  t c  i n c r e a s i n g l y  o u t  ~ f :  phase  

a i r  t e m p e r a t u r e  e o n d i  t r o n s ,  

R E F E R E N C E S  . 
2 ,  J ,  C, Ward, "Annual  Vapia t - icr ,  of Seream W a t e r  T e m p e r a t u ~ e ,  " 

J ,  S a n ,  Engr .  D i v - ,  ASCE, December 2963 ,  

2 ,  R ,  T o  J a s k e  and J ,  b. GoebeZ. " E f f e e e s  o f  Dam ~ ~ n s t r c u c c i o n  
on  T e m p e r a t u r e s  o f  t h e  ~ o l u m b i a  ~ i u e r , "  J ,  AWWA, Aagks7: 
2 9 6 7 ,  

3 ,  R e  T, S a a k e ,  An E u a l u a t i o n  o f  t h e  Use o f  S e l e c t i v e  
D i s c h a r g e s  frcm Lake RocaeueZt  t o  C O G Z  t h e  C o l u n b i a  R i v e r ,  
BNWL-208, Pacz  f i e  N o r t h w e s t  L a b ~ r a t o r p ,  Ri2hZand,  
Waehingzon ,  March 1966 ,  
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4 .  Ba t t eZZe-Nor thwes t ,  A S tudy  Program t o  ~ e t e r m i n e  t h e  
P o t e n t i a l  Impact  o f  Thermal Power P l a n t s  on P a c i f ; c  
Nor thwes t  S t r e a m s ,  c o n t r a c t  r e p o r t  t o  USFWS, Bureau o f  
CommerciaZ F i s h e r i e s .  Oc tober  1 9 6 6 ,  
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