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E F F E C T  O F  H A N F O R D  P L A N T  O P E R A T I O N S  

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

1 9 6 4  TO P R E S E N T  

R. T .  J a s k e  and M .  0 .  S y n o g r o u n d  

A B S T R A C T  

Compiled and reviewed a r e  s i g n i f i c a n t  t e m p e r a t u r e  i n f o r m a -  

t i o n  and e f f l u e n t  mixing d a t a  t h a t  have been  per formed under  

t h e  s t u d y  " E f f e c t  of  Reac to r  E f f l u e n t  on t h e  Q u a l i t y  o f  

Columbia R ive r  Wate r , "  begun i n  1962.  The r e p o r t  p r e s e n t s  

b a s i c  i n f o r m a t i o n  needed f o r  a  sound view of t h e  t e m p e r a t u r e  

m o d i f i c a t i o n  induced by  r e a c t o r  o p e r a t i o n  a t  Hanford and a  

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

e c o l o g y .  The p r imary  conce rn  h e r e  i s  w i t h  p h y s i c a l  changes ;  

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

a p p l y  t o  t h e  development o f  s i m u l a t i o n  models f o r  e f f l u e n t  

t r a n s p o r t  and d i s p e r s i o n  and s t u d i e s  o f  t k e  mechanics  of  

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

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

e f f l u e n t s  i n c l u d e s ,  among o t h e r  f a c t o r s ,  d e t a i l e d  knowledge o f  

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

t h e  r i v e r  below t h e  r e a c t o r s :  (1) t o  d e t e r m i n e  t h e  e x t e n t  of 

i n t e r a c t i o n  between and among o p e r a t i n g  p l a n t s  and t h e  c i t y  o f  

R ich land  w a t e r  p l a n t ,  (2)  t o  p e r m i t  p r e d i c t i o n  of  p o t e n t i a l  

exposures  from p a r t i a l l y  d i l u t e d  e f f l u e n t  t o  p e r s o n s  down- 

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

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

of  t h e  e x t e n t  o f  zones i n  which a q u a t i c  l i f e  might  be  a f f e c t e d .  

i i i  



C O N T E N T S  

INTRODUCTION . . . . . . . . . . . . . . .  1.1 

PR0GR.W DESCRIPTION . . . . . . . . . . . . .  2 . 1  

D i s c u s s  i o n  . . . . . . . . . . . . . . .  2 . 1  

P r i n c i p a l  O b s e r v a t i o n s  Based on Da ta  C o l l e c t e d  
i n  t h e  Program . . . . . . . . . . . . . .  2 . 1 5  

SUMMARIES OF D A I L Y  AVERAGE TEMPERATURE . 3 . 1  

I n s t r u m e n t a t i o n A c c u r a c y  . . . . . . . . . .  3 . 1  

. . . . .  S e n s o r  and  I n s t r u m e n t  E r r o r  E s t i m a t e s  3 . 1  

D a t a s u m m a r i e s  . . . . . . . . . . . . . .  3 . 1  

N o r t h p o r t .  1966 . 1969 . . . . . . . . . .  3 . 3  

Grand Cou lee .  1964  . 1969 . . . . . . . . .  3 . 7  

Rocky Reach.  1964  . 1969 . . . . . . . . .  3 . 1 3  

. . . . . . . . . .  P r i e s t  R a p i d s .  1964  1969  3 .19  

R i c h l a n d .  1964 . 1969 .  ( J a n  . t o  J u n e  1964  d a t a  f rom 
2 m i  . above p r e s e n t  s i t e  . . . . . . . . . .  3 .25  

P a s c o .  1964 . 1969 . . . . . . . . . . . .  3 . 3 1  

MULTI-YEAR Averages  . . . . . . . . . . . .  3 .39  

. . . . . . . . . .  Grand Cou lee .  1964 1969 3 .39  

I c e  Ha rbo r .  1963  . 1969 . . . . . . . . . .  3 .40  

P r i e s t R a p i d s . 1 9 6  1 . 1 9 6 9  . . . . . . . . .  3 . 4 1  

LEAST-SQUARES FITTED CURVES . . . . . . . . . .  4 . 1  

ACKNOWLEDGEMENT . . . . . . . . . . . . . .  5 . 1  

REFERENCES AND BIBLIOGRAPHY . . . . . . . . .  6 . 1  

APPENDIX A . RELATED STUDIES . . . . . . . . . .  A . l  

APPENDIX B . LEAST-SQUARES FITTING PROGRAM LEARN . B . 1 

APPENDIX C . SUMMARY OF EFFLUENT M I X I N G  STUDIES . C . l  

APPENDIX D 

S e c t i o n  I . E f f e c t s  o f  Hanford  O p e r a t i o n s  on 
Columbia  R i v e r  T e m p e r a t u r e s  . J . P  . C o r l e y  . D . I . l  

S e c t i o n  I1 . I n t e r - R e a c t o r  R i v e r  Tempera tu r e  Da ta  . 
J . P  . C o r l e y  . . . . . . . . . . . . . .  D . I I . l  

APPENDIX E . ENVIRONMENTAL EFFECTS OF AN EXTENDED 
. . . . . . .  HANFORD PLANT SHUTDOWN E . l  



L I S T  O F  F I G U R E S  

General  Area Covered by Study Program 

Computed Temperature Trends (1938-1969) 

Comparative Trends (1960-1969) 

Addi t ion  o f  T o t a l  Energy Between Rive r  Mile  396.0 
and Rive r  Mile 350.0 

Comparison of  P r e d i c t e d  Average Temperatures  a t  
Bonnev i l l e  Dam With and Without  t h e  A d d i t i o n  of  
Energy i n  t h e  Hanford Reach 

L e a s t  Squares  F i t  of  Annual R ive r  Temperature 
I n t e r n a t i o n a l  Border (Nor thpor t )  Columbia 
River  Mile  734.1 ,  1968. 
T = 8 .83  + 6.55 s i n  (0.0173d + 4.01)  

L e a s t  Squares  F i t  o f  Annual R ive r  Temperature 
I n t e r n a t i o n a l  Border (Nor thpor t )  Columbia 
River  Mile  734 .1 ,  1969. 
T = 9.36 + 8.14 s i n  (0.0172d + 3.97) 

L e a s t  Squares  F i t  of  Annual R ive r  Temperature 
Grand Coulee Columbia R ive r  Mile  596.3 ,  1968. 
T = 10.39 + 6 .88  s i n  (0.0166d + 3.78) 

L e a s t  Squares  F i t  o f  Annual River  Temperature 
Grand Coulee Columbia R ive r  Mile  596.3 ,  1969. 
T = 10.09 + 7.84 s i n  (0.0172d + 3.72)  

L e a s t  Squares  F i t  o f  Annual River  Temperature 
Chief  Joseph  Columbia R ive r  Mile 545.1 ,  1968. 
T = 10.46 + 6 . 9 1  s i n  (0.0165d + 3.82)  

L e a s t  Squares  F i t  of  Annual R ive r  Temperature 
Chief  Joseph  Columbia R ive r  Mile  545.1 ,  1969. 
T = 10.76 + 7.99 s i n  (0.0172d + 3.73)  

L e a s t  Squares  F i t  of  Annual R ive r  Temperature 
Rocky Reach Columbia R ive r  Mile  473.4 ,  1968. 
T = 10 .24  + 7.07 s i n  (0.0167d + 3.90) 

L e a s t  Squares  F i t  o f  Annual R ive r  Temperature 
Rocky Reach Columbia R ive r  Mile  473.4 ,  1969. 
T = 10.45 + 8.26 s i n  (0.0172d + 3.83)  

L e a s t  Squares  F i t  of  Annual R ive r  Temperature 
P r i e s t  Rapids Columbia R ive r  Mile  395.6 ,  1968. 
T = 10.56 + 7.04 s i n  (0.0170d + 3.94) 

L e a s t  Squares  F i t  of  Annual R ive r  Temperature 
P r i e s t  Rapids Columbia R ive r  Mile  395.6 ,  1969. 
T = 1 0 . 6 3  + 8.24 s i n  (0.0172d + 3.91)  



L e a s t  S q u a r e s  F i t  o f  A n n u a l  R i v e r  T e m p e r a t u r e  
R i c h l a n d  C o l u m b i a  R i v e r  Mile 3 3 8 . 0 ,  1 9 6 8 .  
T = 1 1 . 7 0  + 6 . 8 7  s i n  ( 0 . 0 1 7 1 d  + 3 . 9 9 )  

L e a s t  S q u a r e s  F i t  o f  A n n u a l  R i v e r  T e m p e r a t u r e  
R i c h l a n d  C o l u m b i a  River Mile 3 3 8 . 0 ,  1 9 6 9 .  
T = 1 1 . 2 4  + 8 . 4 0  s i n  ( 0 . 0 1 7 2 d  + 3 . 9 4 )  

L e a s t  S q u a r e s  F i t  o f  A n n u a l  River T e m p e r a t u r e  
P a s c o  C o l u m b i a  R i v e r  Mile 3 2 9 . 0 ,  1 9 6 8 .  
T = 1 1 . 6 1  + 6 . 8 2  s i n  ( 0 . 0 1 6 9 d  + 4 . 0 0 )  

L e a s t  S q u a r e s  F i t  o f  A n n u a l  R i v e r  T e m p e r a t u r e  
P a s c o  C o l u m b i a  R i v e r  Mile 3 2 9 . 0 ,  1 9 6 9 .  
T = 1 1 . 4 2  + 8 . 3 4  s i n  ( 0 . 0 1 7 2 d  + 3 . 9 7 )  

L e a s t  S q u a r e s  F i t  o f  A n n u a l  R i v e r  T e m p e r a t u r e  
Ice H a r b o r  S n a k e  R i v e r  Mile 9 . 7 ,  1 9 6 9 .  
T = 1 1 . 8 4  + 9 . 6 5  s i n  ( 0 . 0 1 7 2 d  + 3 . 5 6 )  

L e a s t  S q u a r e s  F i t  o f  A n n u a l  R i v e r  T e m p e r a t u r e  
McNary C o l u m b i a  R i v e r  Mile 2 9 2 . 0 ,  1 9 6 8 .  
T = 1 1 . 8 9  + 7 . 2 1  s i n  ( 0 . 0 1 6 8 d  + 4 . 0 6 )  

L e a s t  S q u a r e s  F i t  o f  A n n u a l  R i v e r  T e m p e r a t u r e  
McNary C o l u m b i a  R i v e r  Mile 2 9 2 . 0 ,  1 9 6 9 .  
T = 1 1 . 7 5  2 8 . 6 8  s i n  ( 0 . 0 1 7 2 d  + 3 . 9 7 )  

L e a s t  S q u a r e s  F i t  o f  A n n u a l  R i v e r  T e m p e r a t u r e  
U m a t i l l a  C o l u m b i a  R i v e r  Mile 2 9 0 . 5 ,  1 9 6 9 .  
T = 1 1 . 5 2  + 8 . 8 6  s i n  ( 0 . 0 1 7 2 d  + 4 . 0 2 )  

L e a s t  S q u a r e s  F i t  o f  A n n u a l  R i v e r  T e m p e r a t u r e  
J o h n  Day - B i g g s  C o l u m b i a  R i v e r  Mile 2 0 8 . 0 ,  1 9 6 9 .  
T = 1 1 . 6  + 8 . 9 1  s i n  ( 0 . 0 1 7 2 d  + 4 . 0 4 )  

L e a s t  S q u a r e s  F i t  o f  A n n u a l  R i v e r  T e m p e r a t u r e  
T h e  Dalles C o l u m b i a  R i v e r  Mile 1 9 2 . 8 ,  1 9 6 8 .  
T = 1 2 . 0 1  + 7 . 6 1  s i n  ( 0 . 0 1 7 2 d  + 4 . 0 5 )  

L e a s t  S q u a r e s  F i t  o f  A n n u a l  R i v e r  T e m p e r a t u r e  
The  D a l l e s  C o l u m b i a  R i v e r  Mile 1 9 2 . 8 ,  1 9 6 9 .  
T = 1 1 . 7 6  + 9 . 1 2  s i n  ( 0 . 0 1 7 2 d  + 4 . 0 3 )  

L e a s t  S q u a r e s  F i t  o f  A n n u a l  R i v e r  T e m p e r a t u r e  
B o n n e v i l l e  C o l u m b i a  R i v e r  Mile 1 4 6 . 1 ,  1 9 6 8 .  
T = 1 2 . 1 4  + 7 . 6 3  s i n  ( 0 . 0 1 7 1 d  + 4 . 0 8 )  

L e a s t  S q u a r e s  F i t  o f  A n n u a l  R i v e r  T e m p e r a t u r e  
B o n n e v i l l e  C o l u m b i a  R i v e r  Mile 1 4 6 . 1 ,  1 9 6 9 .  
T = 1 1 . 8 4  + 9 . 1 0  s i n  ( 0 . 0 1 7 2 d  + 4 . 0 4 )  

L e a s t  S q u a r e s  F i t  o f  A n n u a l  R i v e r  T e m p e r a t u r e  
W a r r e n d a l e  C o l u m b i a  R i v e r  Mile 1 4 1 . 0 ,  1 9 6 9 .  
T = 1 1 . 5 1  + 9 . 1 4  s i n  ( 0 . 0 1 7 2 d  + 4 . 0 6 )  



L e a s t  Squares  F i t  o f  Annual R ive r  Temperature 
Longview Br idge  Columbia R ive r  Mile  6 6 . 0 ,  1969.  
T = 11..51 + 8.83 s i n  (0.0172d + 4.11)  

L e a s t  Squares  F i t  o f  Annual R ive r  Temperature 
Beaver Terminal  Columbia River  Mile 5 3 . 8 ,  1969.  
T = 11.82 + 8.64 s i n  (0.0172d + 4.14)  

L e a s t  Squares  F i t  o f  Annual Columbia R ive r  Flow 
f o r  1964 a t  P r i e s t  Rap ids ,  R ive r  Mile  397.1.  

F = 69.5  + 349. 2 e  - [ ( d  - 1 7 6 . 7 ) / 3 5 . 1 ]  

L e a s t  Squares  F i t  o f  Annual Columbia R ive r  Flow 
f o r  1965 a t  P r i e s t  Rapids ,  R ive r  Mile 397.1.  

L = 76.7 + 236.4e - [ ( d  - 1 6 5 . 5 ) / 4 6 . 1 ]  

L e a s t  Squares  F i t  of  Annual S o l a r  R a d i a t i o n  
i n  Langleys a t  Hanford,  Washington f o r  1964.  
L = 365.1 + 283.8 s i n  (0.0168d + 4.91)  

L e a s t  Squares  F i t  o f  Annual S o l a r  R a d i a t i o n  
i n  Langleys a t  Hanford,  Washington f o r  1965. 
L = 367.1 + 284.2 s i n  (0.0167d + 5.01)  

L e a s t  Squares  F i t  of  Annual Dewpoint i n  Degrees 
F a h r e n h e i t  a t  Hanford,  Washington f o r  1964.  
D = 32.9 + 1 0 . 3  s i n  (0.0198d + 3.49) 

P 
L e a s t  Squares  F i t  o f  Annual Dewpoint i n  Degrees 
F a h r e n h e i t  a t  Hanford,  Washington f o r  1965.  
D = 33.8 + 9 . 4  s i n  (0.0181d + 3.7)  

P 
L e a s t  Squares  F i t  o f  Annual A i r  Temperature 
i n  Degrees F a h r e n h e i t  a t  Hanford,  Washington 
f o r  1964.  
TA = 54.4 + 20.2 s i n  (0.0187d + 4.07) A . l l  

L e a s t  Squares  F i t  o f  Annual A i r  Temperature i n  
Degrees F a h r e n h e i t  a t  Hanford,  Washington f o r  1965.  
TA = 54.0 + 2 1 . 4  s i n  (0.0167d + 4.51) A.  1 2  

Inc rementa l  Temperature Above Base R ive r  
Temperature (Summary of  C r o s s - S e c t i o n  T r a v e r s e s ,  
R ive r  Mile  378-384,  A l l  Reac to r s  Opera t ing)  C .  2 

Inc rementa l  Temperature Above Base River  
Temperature (Summary of  C r o s s - S e c t i o n  T r a v e r s e s ,  
R ive r  Mile  378-384, A l l  Reac to r s  Opera t ing)  C.3 

Columbia R ive r  S u r f a c e  Temperature P a t t e r n s  
by Imagery (41,000 c f s  Flow) C.5 



Columbia R ive r  S u r f a c e  Temperature P a t t e r n s  
by Imagery (80,000 c f s  Flow) 

Columbia R ive r  S u r f a c e  Temperature P a t t e r n s  
by Imagery (110,000 c f s  Flow) 

Computer Genera ted  Output  o f  Bes t  F i t  
t o  One-Dimensional D i s p e r s i o n  Using 
LEARN/DI SPERS 

Temperature Cross  S e c t i o n s  a t  Hanford 

Temperature Cross  S e c t i o n s  Above 300 Area 

Temperature Cross  S e c t i o n s  a t  Pasco 

Columbia R ive r  Flow Rate  a t  Richland 

E q u i l i b r i u m  and S u r f a c e  Tempera tu res ,  
and Exchange C o e f f i c i e n t s  f o r  
Lake Colorado C i t y ,  Texas 

D a i l y  Average Columbia R ive r  Temperature 

R ive r  T r a v e r s e  Data f o r  J u l y  13 ,  1966 
(R ive r  Flow, 254,000 c f s )  

Hexavalent  Chromium Ion  i n  Columbia 
R ive r  Water 



L I S T  O F  T A B L E S  

Values f o r  CY-1969 2 .5  

Comparison o f  Trends (1935-1969) 2.6 

Computed Energy Trends  f o r  t h e  Reach Between 
P r i e s t  Rapids and Richland (1965-1969) 2 . 1 2  

P r i e s t  Rapids 20-Year Average o f  Dai ly  Maximum 
Temperature i n  Degrees Cen t ig rade  f o r  t h e  
Years  1947 Through 1967 3.42 

P r i e s t  Rapids 20-Year Average o f  Da i ly  Minimum 
Temperature i n  Degrees C e n t i g r a d e  f o r  t h e  
Years  1947 Through 1967 3 .43  

Leas t -Squares  F i t  E x p r e s s i o n s  Using t h e  S i n g l e  
Func t ion  T = T + B s i n  (Cd + D) 4.29 

Weather F a c t o r s  a t  Hanford A . 2  

Dewpoint a t  Hanford Modeled t o  General  F u n c t i o n :  
T = T + B s i n  (Cd + D) A.  3 

Columbia R ive r  Flow: T r i n i d a d - P r i e s t  Rapids 

Flow = A + Be - [ ( ~ - c ) / E I  

Summary o f  L a t e r a l  D i f f u s i o n  C o e f f i c i e n t s  

Flow Time T e s t s  w i t h  Dye Re leases  D . I .7  

C r o s s - S e c t i o n  Mean Versus Recorded Tempera tures  D . I .8  

R ive r  Temperature T r a v e r s e s  - P r i e s t  Rapids Gage 
(River  M i l e :  395.4) D.I .9  

R ive r  Temperature T r a v e r s e s  - Reac to r  Areas D.I .10 

Rive r  Temperature T r a v e r s e s  - Hanford F e r r y  
(R ive r  Mi le :  361.6) D . I .15  

R i v e r  Temperature T r a v e r s e s  - Ringold 
(River  Mi le :  354.4) 

R ive r  Temperature T r a v e r s e s  - Power Line  C r o s s i n g  
(R ive r  Mi le :  350.5) D. I .26  

River  Temperature T r a v e r s e s  - Above 300 Area 
(River  M i l e :  344.9) D . I . 3 1  

Rive r  Temperature T r a v e r s e s  - Richland F e r r y  
(R ive r  Mi le :  340 - 9 )  D . I .36  



River Temperature Traverses  - Pasco Water 
P l an t  (River Mile:  328.7) 

F-Area Fewer Temperatures 

Temperatures i n  E f f luen t  Bubbles and Plumes 

Equi l ibr ium Dye Concentra t ions  

E f f l u e n t  Plume Temperatures 

River Temperature Traverses  - 
400 Yards Below C (River Mile:  383.8) 

River Temperature Traverses  - 0 . 5  Mile 
Below C [River Mile:  383.5 (P lan t  shore  
t o  i s l a n d  o n l y ) ]  

River Temperature Traverses  - 
1 Mile Below C (River Mile:  383.0) 

River Temperature Traverses  - 
4 0 0  Yards Below K (River Mile:  381.5) 

River Temperature Traverses  - 
0.5  Mile Below K (River Mile :  381.3) 

River Temperature Traverses  - 
1 Mile Below K (River Mile:  380.8) 

River Temperature Traverses  - 
Above N (River Mile:  380.0) 

River Temperature Traverses  - 
1 0 0  Yards Below N (River Mile:  379.6) 

River Temperature Traverses  - 
400 Yards Below N (River Mile: 379.4) 

River Temperature Traverses  - 
0.5  Mile Below N (River Mile: 379.2) 

River Temperature Traverses  - 
1 Mile Below N (River Mile:  378.7) 

River Temperature Traverses  - 
Above 181-D (River Mile :  378.0) 

River Temperature Traverses  - 
0.5  Mile Below 1904-DR (River Mile:  376.8) 

River Temperature Traverses  - 
1 Mile Below DR (River Mile:  376.3) 



E F F E C T  O F  H A N F O R D  P L A N T  O P E R A T I O N S  

O N  T H E  T E M P E R A T U R E  O F  T H E  C O L U M B I A  R I V E R  

1 9 6 4  T O  P R E S E N T  

R .  T .  J a s k e  a n d  M. 0 .  S y n o g r o u n d  

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

Since  t h e  i n i t i a t i o n  o f  o p e r a t i o n s  of  t h e  Hanford p l a n t  

i n  1944,  a  c o n t i n u i n g  program of  m o n i t o r i n g  o f  t h e  e f f e c t s  of  

such  o p e r a t i o n s  h a s  been conducted under  Atomic Energy Commis- 

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

t h o s e  o p e r a t i o n s  on t h e  eco logy .  A g r e a t  d e a l  of e f f o r t  and 

i n i t i a t i v e  has  been  t a k e n  t o  a s s u r e  t h a t  t h e  r e s u l t i n g  numer ica l  

i n f o r m a t i o n  and d e r i v e d  judgments r e p r e s e n t  an o b j e c t i v e  a s s e s s -  

ment of  t h e  e v e n t s  which have t a k e n  p l a c e .  This  r e p o r t  i s  an 

a t t e m p t  t o  review t h e  s a l i e n t  o b s e r v a t i o n s  ga ined  from t h e  

e v a l u a t i o n  programs i n  r e l a t i o n  t o  o t h e r  the rmal  m o d i f i c a t i o n s  

o f  t h e  Columbia R ive r  r e s u l t i n g  from t h e  a g g r e g a t e  of  man con- 

t r o l l e d  a c t i v i t i e s .  

E f f l u e n t  c o o l i n g  w a t e r  from t h e  Hanford r e a c t o r s  and o t h e r  

p r o d u c t i o n  r e l a t e d  was te  s t r eams  ( i n c l u d i n g  ground seepage)  

d i s c h a r g e s  i n t o  t h e  main f low of  t h e  Columbia R ive r  and changes 

r i v e r  w a t e r  t e m p e r a t u r e s ,  chemical  c h a r a c t e r i s t i c s ,  and con- 

t e n t  of  r a d i o n u c l i d e s .  T h i s  s t u d y  i s  p r i m a r i l y  concerned w i t h  

t h e  p h y s i c a l  changes ;  r o u t i n e  r a d i o l o g i c a l  a s p e c t s  a r e  n o t  

i n c l u d e d .  However, t h e  e x i s t e n c e  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 s  i s  used  i n d i r e c t l y  i n  t h e  development o f  s i m u l a t i o n  

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

mechanics o f  r e l a t e d  food c h a i n  t r a n s p o r t .  R ive r  hydrology 

and e f f l u e n t  d i s t r i b u t i o n  d a t a  o b t a i n e d  i n  t h i s  program a r e  

used f o r  t h e  r a d i o l o g i c a l  a s sessment  o f  p l a n t  emergencies  and 

changes i n  p l a n t  o p e r a t i o n s .  



The informat ion developed by t h i s  program i s  e s p e c i a l l y  

va luab l e  i n  r e l a t i o n  t o  Executive Order 11528 and r e l a t e d  

l e g i s l a t i o n  i nvo lv ing  t h e  es tab l i shment  of wate r  temperature  

s t anda rds .  This covers  both  i nc rea sed  knowledge of waste  

i n v e n t o r i e s  and r e l e a s e s  and t h e  phys i ca l  d e s c r i p t i o n  of waste 

t r a n s p o r t  mechanisms. 

While prominent importance i s  given t o  t h e  measurement, 

eva lua t ion  and p r e d i c t i o n  of changes i n  r i v e r  temperature  r e s u l t -  

ing  from p l a n t  ope ra t i on  both  l o c a l l y  and a t  d i s t a n c e s  down- 

s t ream,  o t h e r  s i g n i f i c a n t  chemical parameters a r e  a l s o  involved.  

The development of t h e  phys i ca l  d e s c r i p t i o n  of t h e  p l a n t  e f f l u -  

e n t s  i n c l u d e s ,  among o t h e r  f a c t o r s ,  d e t a i l e d  knowledge of t h e  

concen t r a t i on  p r o f i l e s  and t r a v e l  times of t h e  e f f l u e n t s  i n  

t h e  r i v e r  below t h e  r e a c t o r s :  (1) t o  determine t h e  e x t e n t  of 

i n t e r a c t i o n  between and among o p e r a t i n g  p l a n t s  and t h e  c i t y  of 

Richland wate r  p l a n t ,  ( 2 )  t o  permit  p r e d i c t i o n  of p o t e n t i a l  

exposures from p a r t i a l l y  d i l u t e d  e f f l u e n t  t o  persons  downstream, 

e s p e c i a l l y  i n  t h e  event  of o f f - s t a n d a r d  r e l e a s e s ,  and (3) t o  

provide  a  b a s i s  f o r  t h e  accu ra t e  eva lua t ion  and mapping of t h e  

e x t e n t  of zones i n  which a q u a t i c  l i f e  might be a f f e c t e d .  

Rela ted p rog re s s  i n  mathematical  a n a l y s i s  has pe rmi t t ed  

both  b e t t e r  d e f i n i t i o n  of t h e  e x t e n t  of mod i f i ca t i on  of t h e  

r i v e r  by t h e  h e a t  l oad  from the  r e a c t o r s  and improved i n s i g h t  

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

This work i s  no t  complete and a d d i t i o n a l  informat ion w i l l  be 

needed from a  v a r i e t y  of sources  t o  f u l l y  unders tand and 

d e s c r i b e  t h e  e f f e c t s  of r i v e r  developments on t h e  wa te r  

q u a l i t y .  The d i u r n a l ,  seasona l  and h y d r a u l i c  c h a r a c t e r i s t i c s  

of t h e  r i v e r ,  r e s u l t i n g  from manipula t ion of upstream and down- 

s t ream dams both  f o r  power and wate r  q u a l i t y  c o n t r o l  purposes ,  

and t h e  e f f e c t s  of impoundments both  above and below t h e  

Hanford p l a n t  a r e  involved.  The mixing of t h e  p l a n t  e f f l u e n t  

w i th  t he  wate rs  of t h e  Snake River i n  the  McNary r e s e r v o i r  



confuses  t o  a  g r e a t  e x t e n t  t h e  a b i l i t y  t o  de te rmine  Hanford 

p l a n t  e f f e c t s  by c o r r e l a t i o n  methods a l o n e .  S i n c e  t h e  annua l  

the rmal  c y c l e  of  t h e  Snake Rive r  i s  d e c i d e d l y  i n v o l v e d  i n  

e i t h e r  o f f s e t t i n g  o r  emphas iz ing  p l a n t  e f f e c t s ,  i t  i s  o f  

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

b e t t e r  u n d e r s t a n d i n g  t h e  r e g i o n a l  r i v e r  sys tems .  

A number o f  r e p o r t s  d i r e c t l y  r e l a t e d  t o  t h i s  program a r e  

i t e m i z e d  i n  S e c t i o n  V o f  t h i s  r e p o r t .  T h i s  r e p o r t  i s  a  com- 

p i l a t i o n  of  t h e  more s i g n i f i c a n t  t e m p e r a t u r e  i n f o r m a t i o n  and 

e f f l u e n t  mixing s t u d i e s  which have been performed under  t h e  

s t u d y  " E f f e c t s  o f  Reac to r  E f f l u e n t  on t h e  Q u a l i t y  of  Columbia 

R ive r  Water ,"  Program 02 50 10 10 o r i g i n a l l y  a u t h o r i z e d  by t h e  

AEC-Richland O p e r a t i o n s  O f f i c e  i n  1962. The r e p o r t  a t t e m p t s  

t o  compile  i n  a  s i n g l e  document t h e  b a s i c  i n f o r m a t i o n  needed 

t o  o b t a i n  a  sound p e r s p e c t i v e  view of  t h e  t empera tu re  m o d i f i -  

c a t i o n s  induced by r e a c t o r  o p e r a t i o n  a t  Hanford and a  t e c h -  

n i c a l  b a s i s  f o r  r e l a t i n g  t h e s e  m o d i f i c a t i o n s  t o  t h e  eco logy .  

Readers  a r e  u rged  t o  examine t h e  o r i g i n a l  s o u r c e  documents 

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

by t h e  o r i g i n a l  i n v e s t i g a t o r s .  



P R O G R A M  D E S C R I P T I O N  

D I S C U S S I O N  

To e v a l u a t e  t h e  o p e r a t i o n s  of t h e  Hanford p r o j e c t ,  com- 

mencing i n  1958,  a  sys t em o f  t h e r m a l  m o n i t o r i n g  s t a t i o n s  was 

i n s t a l l e d  (F igure  1 )  w i t h  p a r t i c u l a r  emphasis  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 beeen  c a r e f u l l y  

a d j u s t e d  w i t h  r e f e r e n c e  t o  s e n s o r  e r r o r s  and r i v e r  sampl ing  

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

t e m p e r a t u r e  a t  each  s t a t i o n .  T h i s  was n e c e s s a r y  t o  p r o v i d e  a  

p r e c i s e  background f o r  t h e  development of  t h e r m a l  s i m u l a t i o n  

mode 1s 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 o t h e r  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  o f  a c c u r a c y .  Although 

f l o w  th rough  models of t h i s  t y p e  a r e  c a p a b l e  of  a c c u r a c i e s  

e q u a l  t o  o r  b e t t e r  t h a n  o r d i n a r y  t e m p e r a t u r e  measurement 

p r a c t i c e ,  s t a t i s t i c a l  a n a l y s e s  were conducted  t o  s u p p o r t  con- 

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

a n a l y s e s  r e l a t e d  t o  g e n e r a l  e n v i r o n m e n t a l  m o d i f i c a t i o n .  These 

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

making judgments r e g a r d i n g  some o f  t h e  p o p u l a r  concep t s  o f  t h e  

e f f e c t s  of  dams, and t h e  t h e r m a l  s i n k  c a p a c i t y  i n  t h e  

Columbia R i v e r  and i t s  t r i b u t a r i e s .  

The a v a i l a b i l i t y  of compute r i zed  a n a l y t i c a l  t e c h n i q u e s  a t  

t h e  P a c i f i c  Northwest  Labora to ry  ( 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 .  The g e n e r a l  s u c c e s s  o f  t h i s  method of  l e a s t  s q u a r e s  

a n a l y s e s  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  o f  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 form 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  of t h i s  p r e s e n t a t i o n .  

The need  f o r  a  r e a s o n a b l y  c o n v e n i e n t  method of  making 

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

been  c h r o n i c  among e x p e r i m e n t e r s  and s t a t i s t i c i a n s  everywhere.  
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I n  p a r t i c u l a r ,  t h e  s o l u t i o n  o r i g i n a l l y  posed  by Gauss appeared  

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

computing d e v i c e s  became a v a i l a b l e .  

The problem of  l e a s t  s q u a r e s  u s u a l l y  a r i s e s  from one of 

two s o u r c e s :  

1. An e x p e r i m e n t e r  d e s i r e s  t o  r e p r e s e n t  a  s e t  of  d a t a  by some 

f u n c t i o n .  He i s  n o t  n e c e s s a r i l y  i n t e r e s t e d  i n  what t h e  

f u n c t i o n  i s ;  he mere ly  wants  a  c o n v e n i e n t  way t o  e x p r e s s  

a  mass of  i n f o r m a t i o n .  He may be  i n t e r e s t . e d  i n  o b t a i n i n g  

a  c a l i b r a t i o n  cu rve  f o r  comparing f u t u r e  e x p e r i m e n t s .  He 

may be i n t e r e s t e d  i n  forming t h e  cu rve  f o r  t h e  pu rpose  of  

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

way. He may want on ly  t o  draw a  smooth curve  th rough  t h e  

d a t a  p o i n t s .  Bu t ,  i n  each  c a s e ,  he  wants  t h e  cu rve  t o  be 

t h e  same a s  t h a t  o b t a i n e d  by any o t h e r  p e r s o n  who i s  w i l l -  

i n g  t o  assume t h e  same f u n c t i o n a l  r e l a t i o n s h i p  between t h e  

e x p e r i m e n t a l  v a r i a b l e s .  

2 .  An e x p e r i m e n t e r  has  a  d e f i n i t e  f u n c t i o n  i n  mind--one 

whose c o n s t a n t s  ( h e r e  c a l l e d  p a r a m e t e r s )  have a  d e f i n i t e  

p h y s i c a l  o r  t h e o r e t i c a l  meaning. I n  t h i s  s i t u a t i o n ,  he  

wants  t o  r e p o r t  n o t  o n l y  t h e  "bes t "  v a l u e s  f o r  t h e  param- 

e t e r s ,  b u t  he a l s o  wants  t o  be  a b l e  t o  a t t a c h  a  measure 

of t h e  e r r o r  i n h e r e n t  i n  t h e  d a t a  and,  t h e r e f o r e ,  i n  t h e  

e s t i m a t e s  of t h e  p a r a m e t e r s .  While i t  i s  t r u e  t h a t  n o t  

e v e r y  i n v e s t i g a t o r  can  match t h e s e  i d e a l  c o n d i t i o n s ,  i t  

i s  a l s o  t r u e  t h a t  p r o p e r  d e s i g n  a s s i s t s  g r e a t l y  i n  

minimiz ing  t h e  d i f f i c u l t i e s  i n h e r e n t  i n  t h e  a n a l y s i s .  

I n  t h i s  r e s e a r c h ,  t h e  f u n c t i o n  T = A + B s i n  (Cd + D )  

o r i g i n a l l y  used  i n  oceanography and d e s c r i b e d  by ward(') was 

adopted  because  o f  t h e  e x c e l l e n c e  of r e p r e s e n t a t i o n  of  annua l  

t e m p e r a 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 r a t i o n s  

r e s e a r c h  s u p p o r t i n g  t h i s  s t u d y ,  t h e  d a t a  p o i n t s  were grouped 



by y e a r  from J a n u a r y  1 th rough  December 31 u s i n g  365 o r  366 days 

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

of a  n o n l i n e a r ,  maximum-likel ihood,  l e a s t - s q u a r e s - f i t  r o u t i n e  

c a p a b l e  of  h a n d l i n g  n o n l i n e a r i t i e s  and s a d d l e  p o i n t s  r e l i a b l y .  

Th i s  program, developed by t h e  Appl ied  Phys ics  and E l e c t r o n i c s  

Department of P a c i f i c  Northwest  L a b o r a t o r y ,  i s  c a l l e d  program 

MISFIT-LEARN and can  be  c o n v e n i e n t l y  adap ted  t o  a  v a r i e t y  of 

computers such  a s  t h e  IBM 7090 o r  t h e  l a r g e r  Univac 1108.  LEARN 

makes u s e  of numeric  rounding f o r  a c c u r a c y ,  i l l - c o n d i t i o n e d  

m a t r i x  i n v e r s i o n  l o g i c ,  and s t a t i s t i c a l  d e t e r m i n a t i o n  of  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 .  I n  a d d i t i o n ,  i t  c o n t a i n s  a  

two-s tage  r e c o v e r y  l o g i c .  I f  t h e  u s u a l  f i r s t  o r d e r  approx imat ion  

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 r  terms of t h e  m u l t i -  

v a r i a t e  Tay lo r  expans ion .  F a i l i n g  t h i s ,  t h e  r o u t i n e  b ranches  

i n t o  a  s e r i e s  o f  approx imat ions  b e s t  d e s c r i b e d  a s  " r e v e r s e - a n d -  

h a l v e  t h e  l a s t  change" l o g i c .  The a n a l y s i s  of  t h e  d a t a  y i e l d s  

t h e  b e s t - f i t  p a r a m e t e r s  and,  i n  a d d i t i o n ,  produces  t h e  r o o t -  

mean-square e r r o r  a s s o c i a t e d  w i t h  t h a t  pa ramete r  e s t i m a t e .  

Also  i n c l u d e d  a s  o u t p u t  i s  a  s e r i e s  of graphs  p l o t t e d  by 

t h e  CALCOMP p l o t t e r  from magne t i c  t a p e s  g e n e r a t e d  by t h e  com- 

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

c u r v e ,  and a n o t h e r  p a i r  of  c u r v e s  of  p l u s  o r  minus one s t a n d a r d  

d e v i a t i o n  on e a c h  s i d e  of  t h e  c a l c u l a t e d  cu rve .  An example i s  

shown i n  S e c t i o n  IV. 

I f  a  f u n c t i o n  o f  t h e  form T = A + B s i n  (Cd + D )  i 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 2 21~/365.25 2 0.017.  A s  an 

added check on t h e  goodness of f i t ,  t h i s  pa ramete 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  what v a l u e  t h e  computer 

would c a l c u l a t e .  Tab le  1 shows samples of  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 i n t s  from t h e  I n t e r n a t i o n a l  

b o r d e r  t o  B o n n e v i l l e  dam f o r  t h e  Calendar  Year 1969.  



TABLE 1. Values f o p  CY-1969 

Model Comp. 
Temp, Mean Extreme- 

O C  A-OC B - O C  

I n t e r n a t i o n a l  Border T = 9.36 8.14 

Grand Coulee T = 10.09 7.84 

Rocky Reach T =  10.45 8.26 

P r i e s t  Rapids 

R i  chland 

Dai ly  
S h i f t  -C 
Radians 

Peak 
Sh i f t -D  
Radians 

McNary Dam T = 1 1 . 7 5  8.69 0.0172 3.97 

Bonnevi l le  Dam T =  11.84 9 .11 0.0172 4.04 

A f u l l e r  t rea tment  of t h e  in format ion  f o r  t h e  e a r l i e r  

yea r s  and s p e c i f i c a l l y  those  r e l a t e d  t o  t h e  e f f e c t s  of t h e  con- 

s t r u c t i o n  of Grand Coulee Dam i s  conta ined i n  References 3 and 

4 .  The conclus ions  of t h i s  p re l iminary  a n a l y s i s  were: 

1. The use  of t h e  d a t a  p l o t t e r s  w i th  s u i t a b l e  l e a s t - s q u a r e s  

f i t t e d  model func t ions  provides  a  b a s i s  f o r  t h e  p roces s -  

ing  of s i g n i f i c a n t  amounts of s t ream temperature  and 

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

w i th  c o n s i s t e n t  a n a l y t i c a l  persp-ect ive .  

2 .  The e r e c t i o n  of low head r e s e r v o i r s  on t h e  main stem of 

t h e  Columbia River has n o t  produced s i g n i f i c a n t  change i n  

t h e  average temperature  of  t h e  r i v e r .  

3 .  The e r e c t i o n  of Grand Coulee Dam c r e a t i n g  Lake Roosevelt  

has r e s u l t e d  i n  a  30-day de l ay  i n  t h e  t r a n s p o r t  of water  

through t h e  r e s e r v o i r  system. This de lay  and a d d i t i o n a l  

de lays  a s s o c i a t e d  wi th  t h e  expected c o n s t r u c t i o n  of t h e  

Canadian Trea ty  Dams, when combined, may be s i g n i f i c a n t  

e c o l o g i c a l l y .  

4 .  The e r e c t i o n  of dams and r e s e r v o i r s  decreases  f l u c t u a t i o n s  

i n  t h e  water  t empera tures .  The eco log i c  e f f e c t s  of changes 



r e s u l t i n g  from Columbia R ive r  impoundments a r e  n o t ,  how- 

e v e r ,  e x p e c t e d  t o  b e  d i r e c t l y  comparable  t o  p r o j e c t s  w i t h  

l a r g e  s t o r a g e  and r e l a t i v e l y  s m a l l  s team f l o w ,  such  a s  Lake 

Mead o r  some of t h e  TVA impoundments. 

A d d i t i o n a l  computa t 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  t h e  p r e l i m i n a r y  s t u d y .  L e a s t -  

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  a l l  o f  t h e  ma jo r  

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  ove r  s e v e r a l  y e a r s .  

These a r e  d e t a i l e d  i n  S e c t i o n  I V .  

TABLE 2 .  Comparison of Trends  (1935-1969)  

Upper Extreme- Lower Extreme- 
Mean - O C  Mean - O C  Mean - O C  

Rock I s l a n d -  
Rocky Reach 

B o n n e v i l l e  

S e v e r a l  of t h e  t r e n d s  obse rved  i n  comparing t h e  r e s u l t s  of 

ex tended  a n a l y s e s  (Table  2 )  a r e  of g r e a t  s i g n i 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  combined c o n s t r u c t i o n  of 

dams and o t h e r  i n d u s t r i a l  p l a n t s  i n v o l v i n g  the rma l  was te  d i s -  

c h a r g e s .  A c a r e f u l  r ev iew of t h e  d a t a  i n  F i g u r e  2 which com- 

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

(computed ex t remes )  te rms y i e l d s  t h e  f o l l o w i n g  o b s e r v a t i o n s :  

1. The annua l  mean t e m p e r a t u r e  computed f o r  Rock Is land-Rocky 

Reach f o r  t h e  p e r i o d  1934 t o  p r e s e n t  shows a  s l i g h t  i n c r e a s e  

of abou t  0.2 t o  0.4 O C .  T h i s  i s  abou t  o n e - h a l f  of a  s t a n -  

d a r d  d e v i a t i o n  f o r  t h e  p e r i o d  s t u d i e d .  The annua l  mean 

computed f o r  B o n n e v i l l e  d u r i 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 f f e c t ;  however,  i t  r e f l e c t s  a  d e f i -  

n i t e  u p t u r n  f o r  t h e  p e r i o d  1960 t o  p r e s e n t  a f t e r  t h e  peak 
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of 1958.  The r e l a t i o n s h i p  between t h e  computed means f o r  

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

p e r i o d  1944-1948 and,  a g a i n ,  1950 t o  p r e s e n t .  The combina- 

t i o n  of AEC o p e r a t i o n s  and t h e  Snake R i v e r  i n  adding  h e a t  

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

2 .  The computed upper  and lower 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  r e l a t i o n s h i p  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  of 

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  abou t  e q u a l  t o  t h e  s e p a r a t i o n  of  t h e  means,  w h i 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 remes  show a  s h a r p  tendency t o  converge  on 

t h e  mean. Again ,  i t  i s  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  has  

a f f e c t e d  t h e  h i s t o r i c  t r 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  

of g r e a t e s t  dam b u i l d i n g  a c t i v i t y  on t h e  upper  Columbia. 

To more f u l l y  u n d e r s t a n d  t h e  f i 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  r u n s  were made i n  o r d e r  t o  add t h e  
\ 

e f f e c t s  of 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  3 i 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  of  t h e s e  d a t a  y i e l d  f u r t h e r  o b s e r -  

v a t i o n s  : 

1. The v a l u e s  f o r  t h e  means and t h e  ex t remes  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  a c c o u n t  f o r  much of  

t h e  d i f f e r e n c e  between t h e  upper  and lower s e t s  a s  r e l a t e d  

t o  t h e  f l o w  from t h e  Snake R i v e r .  

2 .  The v a l u e s  of 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  i n d i v i d u a l  y e a r l y  w e a t h e r  p a t t e r n s .  
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3 .  The upper  and lower ex t r emes  f o r  b o t h  p r o j e c t  s e t s  show a  

common convergence  toward t h e  mean. Th i s  i s  more pronounced 

f o r  t h e  ups t r eam l o c a t i o n s  t h a n  t h o s e  downstream i n d i c a t i n g  

t h a t  a  nonweather  r e l a t e d  i n f l u e n c e  i s  o v e r r i d i n g  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 ext remes  f o r  t h e  Snake R i v e r  

a r e  s i g n i f i c a n t l y  h i g h e r  and lower t h a n  t h e  same Columbia 

R ive r  v a l u e s  and s i m i l a r  t o  t h e  h i s t o r i c  v a l u e s  f o r  Bonne- 

v i l l e  b e f o r e  t h e  e r e c t i o n  of Grand Coulee Dam. 

5 .  The d a t a  f o r  t h e  p r o j e c t s  u p r i 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  t endency  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  ex t r emes .  On t h e  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  a n n u a l  mean and t h e  lower e x t r e m e s .  

S i n c e  t h e s e  two d a t a  g roup ings  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  Columbia 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 ev iew of Refe rence  4  

i s  n e c e s s a r y  t o  v i s u a l i z e  t h e  t r e n d s .  Refe rence  4 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 i 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  o f  

Lake Rooseve l t  i n  1941-1942.  The permanent change amounts 

t o  a b o u t  30  d a y s ,  t h e  a v e r a g e  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  i s  a l s o  obse rved  a t  Bonne- 

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 i 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 .  While t h e  Rock I s l a n d  peak has  s t a b i l i z e d  

a t  a b o u t  September 20, t h e  B o n n e v i l l e  peak  h a s  c o n t i n u e d  

t o  o c c u r  l a t e r  and l a t e r  a s  l o n g e r  and l o n g e r  f low t imes  

r e s u l t  f rom t h e  a d d i t i o n  of  ups t r eam 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  of  McNary and B o n n e v i l l e  i n d i c a t e  l i 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 .  



3.  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  resemble  

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 a  d i f -  

f e r e n c e s  of abou t  7 t o  10 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 i e s t  Rapids r e s e r v o i r s  

i n  abou t  t h e  same manner a s  Grand Coulee .  

4 .  A l l  p r o j e c t s  have s t r o n g  i n d i c a t i o n s  of r e spond ing  i n  u n i -  

son  t o  r e g i o n a l  wea the r  i n f l u e n c e s .  For  example,  a l l  p r o -  

j 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 ,  i n f l u e n c e s  beyond t h e  scope  of man's a c t i v i t y  

a f f e c t  a l l  w a 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  s i m i l a r  

e x t e n t .  

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

i s  t h e  Hanford complex, whose e f f e c t  upon t h e  sys tem can  be  

modeled i n  te rms of t h e  n e t  d i f f e r e n c e  between e x i s t i n g  t empera -  
t u r e  r e c o r d s  a t  an ups t r eam and a  downstream l o c a t i o n .  Ref-  

e r e n c e  i s  made t o  two p o i n t s ,  one above and t h e  o t h e r  below 

t h e  Hanford Complex, and t o t a l  a d d i t i o n  of n a t u r a l  a s  w e l l  a s  

man-made energy  i s  compared. Once a g a i n  employing t h e  LEARN- 

L I K E L Y  computer r o u t i n e  (MISFIT) d i s c u s s e d  p r e v i o u s l y ,  a  means 

o f  o b t a i n i n g  an u n b i a s e d  l e a s t  s q u a r e s  f i t  t o  w a t e r  t e m p e r a t u r e  

on an annua l  b a s i s  can  b e  d e t e r m i n e d .  

Between t h e  two p o i n t s  of P r i e s t  Rapids and Rich land  t h e r e  

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

t i o n  of t h e  Hanford r e a c t o r s .  A s  mentioned b e f o r e ,  t h e  ave rage  

t e m p e r a t u r e  computed by t h e  program i s  t h e  f i r s t  term of t h e  

ma themat i ca l  model T = A + B s i n  (0.0172d + C).  Summarizing, 

we a r e  a b l e  t o  c a l c u l a t e  t h e  i n f o r m a t i o n  i n  Tab le  3  from u n c l a s -  

s i f i e d  and p u b l i s h e d  r i v e r  d a t a .  

The 19 ,300 MW from 1966 ( s e e  Tab le  3)  was u s e d  t o  e s t i -  

mate t h e  p e r t u r b a t i o n  of t h e  sys t em between P r i e s t  Rapids  and 

Rich land  a s  a  combina t ion  of AEC o p e r a t i o n s  and n a t u r a l  wea the r  

c o n d i t i o n s .  T h e r e f o r e ,  u s i n g  t h e  r e l a t i o n s h i p  (energy  = c o n s t  

AT x Q )  t h e  t o t a l  ene rgy  added t o  a  sys tem between t h e  two p o i n t s  

i s  de te rmined  a s  a  f u n c t i o n  of  f low and t e m p e r a t u r e .  
2 . 1 1  



TABLE 3 .  Computed Energy Trends f o r  t h e  Reach Between 
P r i e s t  Rapids and Richland (1965-1969) 

Year Richland A P r i e s t  R .  A D i f f .  Mean Flow Equiv .  MW 

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

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

has  i n  t h e  p a s t ,  b e f o r e  1968,  exceeded t h e  maximum a l l o w a b l e  

t e m p e r a t u r e  i n c r e a s e  r e c e n t l y  adop ted  by t h e  Washington S t a t e  

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

of 19 ,300  MW was reduced  t o  conform t o  t h e  Washington S t a t e  

s t a n d a r d s  u s i n g  t h e  fo rmula  

where A t  = a l l o w a b l e  i n c r e a s e  

T = f i n a l  downstream t e m p e r a t u r e .  

The a l l o w a b l e  i n c r e a s e  w i l l  r ange  between 1 . 1 5  and 3.60 O C  

i n  t h e  r i v e r  t e m p e r a t u r e  between 0  and 20 O C .  Both of t h e s e  

c o n s t r a i n t s  have been  r e p r e s e n t e d  g r a p h i c a l l y  i n  F i g u r e  4.  A s  

i n d i c a t e d  i n  F i g u r e  4 ,  t h e  a l l o w a b l e  sys tem i n c r e a s e  i s  a  f u n c -  

t i o n  of b o t h  f l o w  and P r i e s t  Rapids t e m p e r a t u r e s .  

The r e s u l t i n g  the rma l  i n c r e m e n t s  were t h e n  r o u t e d  down t h e  

r i v e r  t o  B o n n e v i l l e  Dam u s i n g  t h e  COL HEAT s i m u l a t i o n  model.  ' ( 1 )  

By s u p e r p o s i t i o n ,  t h e  r ema in ing  inc remen t  a t  t h e  dam was d e t e r -  

mined and p l o t t e d  on a  day by day  b a s i s .  The r emain ing  i n c r e -  

ment ave raged  a b o u t  0 .2  t o  0 . 3  OC, abou t  20 t o  30% of t h e  ene rgy  

i n c r e m e n t  added t o  t h e  s i m u l a t i o n  i n  t h e  Hanford Reach, F i g u r e  5 .  

I n  a  r e c e n t  s t u d y  of  s p e c i f i c  the rma l  e f f e c t s  of t h e  Hanford 

p l a n t ,  which de te rmined  t h e  r e s i d u a l  f r a c t i o n  of t h e r m a l  m o d i f i -  

c a t i o n  r emain ing  from an e n t i r e  y e a r ' s  o p e r a t i o n  of t h e  Hanford 

p l a n t  a t  t h e  Washington-Oregon b o r d e r ,  a  s i m i l a r  s e t  of v a l u e s  
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was d e t e r m i n e d .  From t h e  r e p o r t ,  Re fe rence  5 ,  p .  4 :  

"River  t e m p e r a t u r e  m o d i f i c a t i o n s  i n t r o d u c e d  by n a t u r a l  
env i ronmenta l  e f f e c t s  and o p e r a t i o n  of r e a c t o r s  a t  
1969 power l e v e l s  would be  approx ima te ly  65% d i s -  
s i p a t e d  a t  t h e  Washington-Oregon b o r d e r .  The e x t e n t  
of t h i s  d i s s i p a t i o n  i s  n e a r l y  independen t  of P r i e s t  
Rapids w a t e r  t e m p e r a t u r e  and w e a t h e r  c o n d i t i o n s  a f f e c t -  
i n g  t h e  Columbia R i v e r  between P r i e s t  Rapids Dam and 
t h e  Washington-Oregon b o r d e r .  The numer ica l  v a l u e s  
of t h e  r ema in ing  inc remen t  ranged from e s s e n t i a l l y  
ze ro  t o  a  momentary h i g h  of 0 . 5  O C ,  t h e  ave rage  b e i n g  
0.20 O C  f o r  t h e  A p r i l  t h rough  October  p e r i o d  used  
i n  t h e  s t u d y .  

"On t h e  b a s i s  of t h e  t r a n s e c t s  t a k e n  i n  t h e  summer 
and f a l l  of 1969 and u s i n g  w a t e r  t e m p e r a t u r e  a s  a  
t r a c e r ,  t h e  McNary r e s e r v o i r  a t  t h e  Washington- 
Oregon b o r d e r  i s  s u f f i c i e n t l y  w e l l  mixed t h a t  a  
s i n g l e  p o i n t  m o n i t o r i n g  s t a t i o n  c o u l d  b e  a p p r o p r i -  
a t e l y  l o c a t e d  f o r  t h e  pu rpose  of the rma l  a u d i t -  
i n g  a t  t h a t  p o i n t .  Such s t r a t i f i c a t i o n  a s  e x i s t s  
i s  v e r y  weak, and t h e  i s o t h e r m s  appea r  t o  b e  more 
s u b j e c t  t o  m o d i f i c a t i o n  by f l o w  c o n d i t i o n s  of t h e  
Snake and t h e  Columbia t h a n  by h e a t  t r a n s f e r  a c r o s s  
t h e  w a t e r  s u r f a c e  i n  t h e  r e s e r v o i r .  The s t u d y  s u g -  
g e s t s  t h a t ,  on t h e  b a s i s  of t h e  samples  c o l l e c t e d  
and p r e v i o u s  t r a n s e c t s  made b e f o r e  1962 ( S o l d a t  e t  
a l . ,  u n p u b l i s h e d ) ,  i t  a p p e a r s  t h a t  t h e  d a y - t o - d a y  
peak ing  o p e r a t i o n s  of I c e  Harbor Dam i n  r e l a t i o n  
t o  Columbia R i v e r  peak ing  o p e r a t i o n s  may b e a r  a s  
i m p o r t a n t  a  r e l a t i o n s h i p  i n  c r e a t i n g  p a t c h e s  of  
warmer and c o o l e r  w a t e r  w i t h i n  t h e  r e s e r v o i r  f l o w  
sys tem a s  r e s i d u a l  Hanford e f f e c t s .  A d d i t i o n a l  
s t u d y  i s  needed t o  v e r i f y  t h i s  c o n c l u s i v e l y . "  

P R I N C I P A L  O B S E R V A T I O N S  B A S E D  ON D A T A  C O L L E C T E D  I N  THE PROGRAM 

On t h e  b a s i s  of t h e  i n f o r m a t i o n  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  r e l a t e d  s t u d i e s  r e p o r t e d  i n  S e c t i o n  V I ,  "References  

and B i b l i o g r a p h y  ," t h e  f o l l o w i n g  p r i n c i p a l  o b s e r v a t i o n s  r e g a r d -  

i n g  t h e  t e m p e r a t u r e  regime of t h e  Columbia R i v e r  and i t s  r e l a -  

t i o n s h i p  t o  o p e r a t i o n s  of  t h e  Hanford f a c i l i t y  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  of h y d r a u l i c  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  had s i g n i f i c a n t  e f f e c t s  on t h e  t i m i n g  



and e x t e n t  of annua l  t e m p e r a t u r e  c y c l e s  of t h e  Columbia 

R i v e r .  Where annua 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 i v e r  once o c c u r r e d  i n  mid-August ,  t h e  c o n s t r u c -  

t i o n  of r e s e r v o i r s  has  a l t e r e d  t h e  t iming  abou 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 ime  through t h e  r i v e r  sys t em.  

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

of t h e  e f f e c t .  (6)  Refe rence  6  summarizes t h e  Columbia R i v e r  

c o o l i n g  program c a r r i e d  o u t  f o r  AEC between 1958 and 1965.  

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

r i v e r  sys tem on a  g e n e r a l  b a s i s .  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 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  i s  t h e  t ime  d i s p l a c e m e n t  of a  r e l a t i v e l y  i d e n -  

t i c a l  thermodynamic h i s  t o r y .  T h i s  i s  e s p e c i a l l y  t r u e  f o r  

r e s e r v o i r s  w i t h  l a r g e  r a t i o s  of c a p a c i t y - t o - m e a n  f low.  

U n s t r a t i f i e d  r e s e r v o i r s  of l a r g e  c a p a c i t y  such  a s  John  Day 

t e n d  t o  s l i g h t l y  warm t h e  r i v e r  i n  summer due t o  t h e  i n c r e a s e  

i n  t r a v e l  t ime  and t h e  approach  t o  e q u i l i b r i u m  between t h e  

r i v e r  and w e a t h e r  c o n d i t i o n s .  

2 .  The e r e c t i o n  of h y d r a u l i c  power dams and r e s e r v o i r s  on t h e  

Columbia R i v e r  has  had o n l y  a  minimal e f f e c t  on t h e  annua l  

mean t e m p e r a t u r e  of t h e  e n t i r e  sys t em.  This  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  34 y e a r  p e r i o d  from 1936-1970.  The e x t e n t  

of  t h i s  change c o u l d  e a s i l y  b e  a t t r i b u t e d  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  of t h i s  s t u d y .  

3. The t e m p e r a t u r e  h i s t o r y  of t h e  Columbia R ive r  s i n c e  1936 

s u g g e s t s  t h a t  t e m p e r a t u r e s  a r e  r e l a t e d  t o  r i v e r  management 

p r a c t i c e s  t o  a  l a r g e  e x t e n t  and t h a t  o p t i m i z a t i o n  of t h e  

t o t a l  r e s o u r c e  must of n e c e s s i t y  i n c l u d e  c o n s i d e r a t i o n  of  

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

management p r a c t i c e s .  T h i s  i s  e s p e c i a l l y  t r u e  o f  p roposed  

p l a n s  t o  t r e a t  t h e  e n t i r e  main s tem a s  a  moving s t o r a g e  



r e s e r v o i r  f o r  t h e  o p t i m i z a t i o n  of power p r o d u c t i o n .  Such 

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

i n d u s t r i a l  u s e s  of t h e  r i v e r  a p p e a r  t o  r e q u i r e  a d d i t i o n a l  

s t u d y  t o  d e t e r m i n e  r e l a t e d  w a t e r  q u a l i t y  m o d i f i c a t i o n s .  

4 .  The r e a c h  between P r i e s t  Rapids and Rich land ,  t h e  l a s t  

f r e e  f l o w i n g  p o r t i o n  of t h e  r i v e r ,  responds  r a p i d l y  t o  

changes i n  w e a t h e r  and the rma l  m o d i f i c a t i o n  from i n d u s t r i a l  

e f f l u e n t s  a s  compared t o  impounded r e a c h e s .  Conduct ive 

h e a t  t r a n s f e r  r a t e s  a r e  h i g h e r  and e v a p o r a t i o n  r a t e s  a r e  

lower t h a n  i n  impounded a r e a s .  Summertime t e m p e r a t u r e  

i n c r e a s e s  d u r i n g  p e r i o d s  of r e a c t o r  shutdown a r e  q u i t e  

h i g h ,  r a n g i n g  from 0 . 5  t o  a s  h i g h  a  0 . 7 5  O C  i n  August and 

e a r l y  September.  A c o o l i n g  e f f e c t  of s i m i l a r  magnitude 

o c c u r s  i n  t h e  w i n t e r  months.  The mean annual  t e m p e r a t u r e  

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

downs i n d i c a t i n g  t h a t  t h e  the rma l  m o d i f i c a t i o n  of t h e  r i v e r  

on a  mean annua l  b a s i s  was d i r e c t l y  r e l a t e d  t o  t h e  o p e r a -  

t i o n  of n u c l e a r  f a c i l i t i e s .  T h i s  p o i n t  and t h e  n u m e r i c a l l y  

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

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

c a l  m o d i f i c a t i o n  c a r r i e d  o u t  through t h e  p e r i o d  1964 t o  

p r e s e n t .  

5 .  R i v e r  t e m p e r a t u r e s  between t h e  Hanford p l a n t  and t h e  con-  

f l u e n c e  of  t h e  Snake R i v e r  d e c r e a s e  toward  an e q u i l i b r i u m  

v a l u e .  S t u d i e s  of t h e  the rma l  d i s s i p a t i o n  of r e a c t o r  

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

t o  t h e  atmosphere b e f o r e  t h e  c o n f l u e n c e  of t h e  Snake and 

t h e  Columbia. A t  t h e  Oregon-Washington b o r d e r ,  a  f r a c t i o n  

r a n g i n g  from 40% t o  a s  low a s  5 %  and a v e r a g i n g  3 5 %  remains  

t o  be  d i s s i p a t e d .  On t h i s  b a s i s ,  and assuming t h e  e n t i r e  

the rma l  m o d i f i c a t i o n  of t h e  r e a c h  between P r i e s t  Rapids and 

Richland t o  b e  of  i n d u s t r i a l  o r i g i n ,  i t  can  be  s t a t e d  t h a t  

t h e  r e s i d u a l  e f f e c t  of t h e  Hanford r e a c h  i n  r a i s i n g  r i v e r  

t e m p e r a t u r e s  below McNary dam i n  t h e  1965-69 p e r i o d  was 



abou t  e q u a l  t o  t h e  e f f e c t  o f  t h e  Snake R i v e r .  Numer ica l ly ,  

t h e  annua l  mean d i f f e r e n t i a l  a t  t h e  c o n f l u e n c e  of t h e  Snake 

and Columbia i s  approx imate ly  0.40 O C ,  r a n g i n g  from 0.10 

t o  0.60 O C .  Cons ide r ing  t h e  r e l a t i v e  f low r a t i o  of 2.0 

between t h e  two s t r e a m s ,  t h e  mean m o d i f i c a t i o n  of t h e  

Columbia by t h e  Snake would t h e n  be a b o u t  0.20 O C  o r  abou t  

t h e  same o r d e r  of magnitude a s  t h e  h i g h e s t  d i f f e r e n t i a l  

a t t r i b u t e d  t o  t h e  e f f e c t  of t h e  Hanford r e a c h  c a r r i e d  down 

t o  t h e  Washington-Oregon b o r d e r ,  a s  r e p o r t e d  i n  BNWL-1345. (5 

On t h i s  b a s i s ,  ave raged  o v e r  long t ime p e r i o d s ,  t h e  a n n u a l  

the rmal  c o n t r i b u t i o n  of t h e  Snake t o  t h e  Columbia i s  on 

t h e  o r d e r  of 4,000 the rmal  megawatts .  T h i s  r a t e  of the rmal  

i n p u t  i s  a b o u t  doubled i n  t h e  August t o  September p e r i o d  

when t h e  ave rage  t e m p e r a t u r e  of t h e  Snake i s  2.0 t o  2 .5  O C  

h i g h e r  t h a n  t h e  Columbia. T h i s  s i t u a t i o n  i s  expec ted  t o  

m a t e r i a l l y  worsen a f t e r  Mica Dam i s  complete  s i n c e  t h e  

d i f f e r e n t i a l  between t h e  Columbia and t h e  Snake a f t e r  1975 

d u r i n g  August and September i s  expec ted  t o  exceed 4 .0  O C  

i n  9  y e a r s  o u t  of 10 (Ref. ,  B i b . ,  p .  6 . 7 ,  March 1, 1969) .  

6 .  Columbia R i v e r  mean annua l  t e m p e r a t u r e s  c o n t i n u e  t o  r i s e  

s l i g h t l y  a t  a l l  p o i n t s  ups t ream of t h e  Columbia G ~ r g e .  

Passage  th rough  t h e  Columbia Gorge m o d i f i e s  t h e  w a t e r  s u r -  

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

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

c o o l i n g .  From t h e  B o n n e v i l l e  poo l  t o  Warrendale ( a  d i s t a n c e  

o f  10 m i l e s ) ,  a  s u b s t a n t i a l  d i f f e r e n c e  i n  annua l  ave rage  

t e m p e r a t u r e  i s  no ted  based  on p r o v i s i o n a l  r e c o r d s  of t h e  

B o n n e v i l l e  t e m p e r a t u r e s .  I t  i s  concluded t h a t  t h e  s e n s o r  

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

b u l k  r i v e r  t e m p e r a t u r e  s i n c e  t h e r e  i s  no t h e o r e t i c a l  b a s i s  

f o r  t h e  e x t e n t  o f  t e m p e r a t u r e  d i f f e r e n t i a l  between Bonne- 

v i l l e  and Warrendale .  T h i s  o b s e r v a t i o n  i s  of pr ime s i g n i f i -  

cance  i n  judging t h e  v a l i d i t y  of t r e n d s  which approach 

t h e  accuracy  l i m i t s  of t h e  d a t a .  I t  i s  a  c o n c l u s i o n  of  



t h i s  s t u d y  t h a t  e x i s t i n g  t e m p e r a t u r e  r e c o r d s  f o r  Bonne- 

v i l l e  a r e  n o t  of s c i e n t i f i c  v a l u e  i n  judg ing  t e m p e r a t u r e  

c o n d i t i o n s  on t h e  Columbia R ive r  a t  t h a t  p o i n t .  However, 

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

d a y - t o - d a y  t r e n d s  f o r  s i m u l a t i o n  and s u p e r p o s i t i o n  e x p e r i -  

men t s .  Using t h e  e x i s t i n g  r e c o r d ,  i t  was de te rmined  t h a t  

t h e  r e s i d u a l  the rma l  d i f f e r e n t i a l  a t  Warrendale  from t h e  

maximum a l l o w a b l e  i n p u t  of the rma l  energy  i n  t h e  P r i e s t  

Rap ids -Rich land  r e a c h  under  e x i s t i n g  Washington S t a t e  s t a n -  

d a r d s  would b e  l e s s  t h a n  0.20 "C d u r i n g  c r i t i c a l  summer 

months and l e s s  t h a n  0 . 3 5  " C  d u r i n g  w i n t e r  months.  These 

numer ica l  v a l u e s  i n d i c a t e  t h a t  thermal  m o d i f i c a t i o n  i n  t h e  

P r i e s t  Rapids-Richland r e a c h  i s  abou t  80% d i s s i p a t e d  a t  

Warrendale ,  Mi le  140 ,  a b o u t  200 m i l e s  below t h e  R ich land  

s e n s o r .  T h i s  compares w i t h  65% d i s s i p a t i o n  a t  t h e  Wash- 

ington-Oregon b o r d e r .  

7 .  D e t a i l e d  measurements i n  t h e  Hanford p l a n t  e f f l u e n t  mixing  

zone a r e  d e s c r i b e d  i n  Appendix C .  These r e v e a l  t h a t ,  

d u r i n g  t h e  p e r i o d  when a l l  r e a c t o r s  were o p e r a t i n g  a t  t h e  

Hanford s i t e ,  t h e  d i s p e r s i o n  p a t t e r n s  were such  t h a t  i n  

t h e  immediate p l a n t  a r e a ,  s i g n i f i c a n t  s t r e a m  c r o s s - s e c t i o n  

a r e a s  of c o o l e r  w a t e r  were a v a i l a b l e  a s  m i g r a t i o n  r o u t e s  

f o r  f i s h .  The Ringold  a r e a  p r o v i d e s  a  complete  mixing 

zone f o r  f u l l  d i s p e r s i o n  of  m a t e r i a l s  above t h a t  p o i n t  and 

r e p r e s e n t s  a  l o c a t i o n  of maximum average  s t r e a m  t e m p e r a t u r e s  

r e l a t e d  t o  t h e  o p e r a t i o n  of  r e a c t o r s .  C r o s s - s e c t i o n  temp- 

e r a t u r e  measurements made below Ringold  d u r i n g  p e r i o d s  of 

r e a c t o r  shutdown r e v e a l  c o n s i s t e n t l y  h i g h e r  s h o r e l i n e  

t e m p e r a t u r e s  t h a n  t h e  e s s e n t i a l l y  uni form midstream o r  

tha lweg c o n d i t i o n s .  A t e m p e r a t u r e  r i s e  of  from 0.50 t o  

0.75 O C  o c c u r s  from n a t u r a l  h e a t i n g  i n  t h e  Hanford r e a c h  

d u r i n g  August and September which i s  h i g h  compared t o  

impounded r e a c h e s .  T h i s  i s  t h e  e q u i v a l e n t  of 4000 t o  

6000 t h e r m a l  megawatts of ene rgy  f o r  f lows  r a n g i n g  from 



80,000 t o  150,000 f t 3 / s e c .  The c o o l i n g  of t h e  r i v e r  i n  t h e  

Hanford r e a c h  i s  a l s o  r e l a t i v e l y  h igh  compared t o  t h e  

impounded a r e a s .  G e n e r a l l y ,  s t u d i e s  of h e a t  d i s s i p a t i o n  on 

t h e  Columbia f o r  the rmal  e f f l u e n t  and the rmal  m o d i f i c a t i o n s  

from dam m a n i p u l a t i o n  c o n s i s t e n t l y  show t h a t  t e m p e r a t u r e  

g r a d i e n t s  a r e  more c o n s e r v a t i v e  i n  t h e  w i n t e r  t h a n  t h e  summer 

under  ave rage  wea the r  c o n d i t i o n s .  That  i s ,  a  the rmal  modi- 

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

T h i s  i s  a l s o  shown i n  t h e  computer s i m u l a t i o n  of 19,300 t h e r -  

mal megawatts of energy f o r  t h e  Hanford r e a c h  i n  F i g u r e  5 

of t h i s  d i s c u s s i o n .  

One of t h e  most s i g n i f i c a n t  r e s u l t s  of t h e  the rmal  s t u d i e s  p r o -  

gram a t  P a c i f i c  Northwest  L a b o r a t o r y  h a s  been t h e  c e r t i f i c a t i o n  

of  t h e  need f o r  s t a n d a r d s  o f  accuracy  f o r  s t r e a m  t e m p e r a t u r e  

measurements .  Even w i t h i n  a  s t a t e - o f - t h e - a r t  program, v a r i a t i o n s  

i n  s t a n d a r d s  e x i s t  f o r  r e a s o n s  of  expediency and p r a c t i c a l i t y .  

I t  i s  s u g g e s t e d  t h a t  t h e  a r t  of  s t r e a m  t e m p e r a t u r e  management 

w i l l  come of age  o n l y  when an a c c e p t e d  s t a n d a r d  of  accuracy  

and sampl ing  f r equency  i s  e s t a b l i s h e d  f o r  a l l  s e r i o u s  r e s e a r c h -  

e r s ,  r i v e r  u s e r s  and enforcement  p e r s o n n e l  t o  have a  common 

b a s i s  i n  d i s c u s s i o n  of  the rmal  m o d i f i c a t i o n  of  w a t e r  q u a l i t y .  



S U M M A R I E S  OF D A I L Y  A V E R A G E  T E M P E R A T U R E  

The f o l l o w i n g  t a b u l a t i o n s  a r e  t h e  d a i l y  a v e r a g e s  from 

d i g i t i z e d  thermograph r e c o r d s  o r  h o u r l y  o b s e r v a t i o n s  i n  y e a r ,  

month, day o r d e r  from N o r t h p o r t  ( I n t e r n a t i o n a l  B o r d e r ) ,  R ive r  

Mi le  734.1 t o  R i v e r  Mi le  208.0 below John Day Dam. I n c l u d e d  a r e  

m u l t i y e a r  a v e r a g e s  a t  P r i e s t  Rapids and Grand Coulee on t h e  

Columbia R i v e r  and I c e  Harbor  on t h e  Snake R i v e r .  

The d a i l y  a v e r a g e s  o f  t h e  maximum and minimum h o u r l y  tem- 

p e r a t u r e  i n  degrees  c e n t i g r a d e  o b s e r v e d  each  day f o r  a  p e r i o d  

o f  2 0  y e a r s ,  1947 th rough  1967 a r e  shown i n  Tab les  4  and 

Tab le  5 .  Tempera tures  measured a t  Rock I s l a n d ,  about  56 m i l e s  

above P r i e s t  Rap ids ,  were used  f o r  t h e  y e a r s  p r i o r  t o  1960.  

These d a t a  have been  a d j u s t e d  t o  accoun t  f o r  s e n s o r  p o s i -  

t i o n  e r r o r  and i n s t r u m e n t  r e a d o u t  e r r o r .  They r e p r e s e n t  t h e  

b e s t  e s t i m a t e  of  t h e  a c t u a l  mean w a t e r  t e m p e r a t u r e  f o r  t h e  

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

i n v o l v e d .  

I N S T R U M E N T A T I O N  A C C U R A C Y  

Sensor  and I n s t r u m e n t  E r r o r  E s t i m a t e s  

N o r t h p o r t  Foxboro thermograph l o c a t e d  on b r i d g e  

k0.75 O C  p i e r  o f  Highway 2 5 ,  and s e r v i c e d  under  a  

Bat te l le -Nor thwest /AEC c o n t r a c t .  The i n s t r u -  

ment i s  a f f e c t e d  by o r e  t r u c k s  u s i n g  t h e  

b r i d g e  and by w a t e r  l e v e l  f l u c t u a t i o n s  from 

dam r e g u l a t i o n  b o t h  above and below t h e  

i n s t r u m e n t  s i t e .  Usable  accuracy  i s  m a i n t a i n e d  

by comparison t o  a  weekly check made w i t h  a  

c e r t i f i e d  thermometer  and a  d a i l y  measurement 

made by U n i t e d  S t a t e s  G e o l o g i c a l  Survey (USGS). 



Grand Coulee 

P r i e s t  Rapids 

k 0 . 2 0  O c  

R ichland  

k 0 . 3 0  O C  

Pasco 

k 0 . 3 0  O C  

U m a t i l l a  

k 0 . 2 0  O C  

Biggs -John Day 

k 0 . 2 5  O C  

Foxboro thermograph l o c a t e d  on a  b r i d g e  p i e r  

where t h e  highway c r o s s e s  t h e  r i v e r  below t h e  

dam. Accuracy m a i n t a i n e d  by p e r i o d i c  checks 

w i t h  an A t k i n s  thermometer .  

Leeds and Nor thrup  thermograph and r i v e r  s t a g e  

r e c o r d e r  a t  t h e  USGS gage s i t e  below P r i e s t  

Rapids dam. H i s t o r i c a l l y  t h e  most r e l i a b l e  

i n s t r u m e n t  i n  o u r  r e p o r t i n g  network w i t h  0 . 2 0  O C  

e r r o r  margin  from b o t h  r i v e r  s e n s o r  and r e c o r d e r .  

S e r v i c e d  and checked by AEC c o n t r a c t o r  and 

Gran t  County PUD. P e r i o d i c  b o a t  s u r v e y s  made. 

Foxboro thermograph a t  R i v e r  Mi le  3 3 8 . 0 .  Accuracy 

o f  i n s t r u m e n t  m a i n t a i n e d  by p e r i o d i c  checks  w i t h  

A t k i n s  thermometer .  Upstream i s l a n d s  d e t e r  u n i -  

form mixing .  Monthly b o a t  s u r v e y s  made. 

Foxboro thermograph ( p r i o r  t o  1969) a c c u r a c y  

m a i n t a i n e d  by p e r i o d i c  c a l i b r a t i o n  i n  

~ a t t e l l e - N o r t h w e s t  I n s t r u m e n t  Shop. (Readings 

i n  1969 n o t  r e l i a b l e . )  

Foxboro thermograph a c c u r a c y  m a i n t a i n e d  by 

weekly check w i t h  c e r t i f i e d  A t k i n s  thermometer  

and shop c a l i b r a t i o n  when needed.  

Foxboro thermograph checked p e r i o d i c a l l y  w i t h  

A t k i n s  thermometer .  

* The A t k i n s  RTD thermometer has a  c e r t i f i e d  accuracy o f  +O.Ol°C 
w i t h  a  p r e c i s i o n  o f  +O.OOS°C when t e s t e d  i n  a  s t i r r e d  c a l i b r a t i o n  
f a c i l i t y .  
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TABLE 4 .  P r i e s t  R a p i d s  2 0 - Y e a r  A v e r a g e  of D a i l y  M a x i m u m  T e m p e r a t u r e  
i n  D e g r e e s  C e n t i g r a d e  f o r  the  Y e a r s  1 9 4 7  T h r o u g h  1 9 6 7  

MARCH 

5.60 
5.30 
5.00 
5.00 
5.00 

5.00 
5.60 
5.60 
5.60 
5.60 

5.60 
5.60 
5 60 
5.60 
5.00 

4 80 
5.00 
5.20 
5.30 
5.10 

5420 
5 20 
5.30 
5.30 
5.60 

5.60 
5.60 
5.60 
6.00 
6.10 
6 r 6 0  

APF IL 

6.70 
6.70 
7.00 
6.60 
6.70 

6.90 
7.20 
7.50 
7.70 
8.00 

7.70 
7.70 
7.40 
7.80 
8.10 

6.40 
8.60 
e.10 
8.00 
8.00 

8.10 
8.40 
8.60 
8.80 
8.70 

8.50 
8.70 
9.00 
9.40 
9 - 6 0  

MAY 

9.60 
9.60 

10.00 
9.70 

10.00 

10.30 
10.20 
10.50 
10.40 
10.20 

10.30 
10.20 
10.40 
10.40 
10.40 

10.60 
10.80 
11.00 
11.20 
11.50 

11.70 
12.20 
12.30 
12.50 
12.80 

12.80 
12.80 
13.30 
13.30 
13.30 
13.30 

AUGUST 

19.40 
19.20 
19.90 
18.40 
18.60 

18.90 
18.90 
19.00 
18.90 
19.40 

19.90 
19.30 
19.50 
19.40 
19.50 

13.40 
19.20 
19.40 
19.70 
20.00 

20. OD 
20.00 
20.00 
20.00 
20.00 

19.40 
19.40 
19.40 
19.40 
19.40 
19.40 



TABLE 5. Priest Rapids 20-Year Average of Daily Mi.nimum Temperature 
in Degrees Centigrade for the Years 1947 Through 1967 

MARCH APRIL MAY JUNE JUCY AUGUST SEPTEMBFR OCTOBER NOVEMBER JANUARY 



L E A S T - S Q U A R E S  F I T T E D  C U R V E S  

The f o l l o w i n g  l e a s t - s q u a r e s  f i t t e d  c u r v e s ,  F i g u r e s  6 

through 31,  were made u s i n g  t h e  obse rved  t e m p e r a t u r e s ,  a t  I c e  

Harbor  on t h e  Snake R i v e r  and v a r i o u s  s i t e s  on t h e  Columbia.  

Using t h e  a v a i l a b l e  a n a l y t i c a l  t e c h n i q u e s  o f  t h e  P a c i f i c  

Northwest  Labora to ry  ( B a t t e l l e - N o r t h w e s t ) ,  i t  was p o s s i b l e  t o  

u t i l i z e  t h i s  d a t a  i n  a  l e a s t - s q u a r e s  cu rve  f i t t i n g  r o u t i n e .  

The g e n e r a l  s u c c e s s  o f  t h i s  method o f  l e a s t  s q u a r e s  

a n a l y s e s  has  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 t o  b e  used  w i t h  d a i l y  

f l o w s ,  dew p o i n t s ,  Langleys  , a i r  t e m p e r a t u r e ,  w a t e r  tempera-  

t u r e  o r  o t h e r  w a t e r  q u a l i t y  d a t a .  

For  t e m p e r a t u r e  c o r r e l a t i o n s ,  t h e  f u n c t i o n  T = A + B s i n  

(Cd + D) o r i g i n a l l y  used  i n  oceanography and d e s c r i b e d  by 

ward(') was adop ted  because  o f  t h e  e x c e l l e n c e  o f  r e p r e s e n t a t i o n  

o f  annua l  t e m p e r a 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 r a -  

t i o n s  r e s e a r c h  s u p p o r t i n g  t h i s  s t u d y ,  t h e  d a t a  p o i n t s  were 

grouped by y e a r  from J a n u a r y  1 th rough  December 31 u s i n g  

365 o r  366 d a y s / 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 e n  

a n a l y z e d  by means o f  a  n o n l i n e a r ,  maximum-likel ihood,  l e a s t -  

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

s a d d l e  p o i n t s  r e l i a b l y .  This  program makes u s e  o f  numer ic  

round ing  f o r  a c c u r a c y ,  i l l - c o n d i t i o n e d  m a t r i x  i n v e r s i o n  l o g i c ,  

and s t a t i s t i c a l  d e t e r m i n a t i o n  o 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 .  I n  a d d i t i o n ,  i t  c o n t a i n s  a  t w o - s t a g e  r e c o v e r y  

l o g i c .  I f  t h e  u s u a l  f i r s t  o r d e r  approx ima t ion  f a i l s ,  t h e  

r o u t i n e  t r ies t h e  second  o r d e r  t e rms  sf t h e  m u l t i v a r i a t e  

T a y l o r  e x p a n s i o n .  F a i l i n g  t h i s ,  t h e  r o u t i n e  b r a n c h e s  i n t o  a  

s e r i e s  o f  approx ima t ions  b e s t  d e s c r i b e d  a s  " r e v e r s e - a n d  h a l v e  

t h e  l a s t  change" l o g i c .  The a n a l y s i s  o f  t h e  d a t a  y i e l d s  t h e  

b e s t - f i t  p a r a m e t e r s  and ,  i n  a d d i t i o n ,  produces  t h e  root -mean-  

s q u a r e  e r r o r  a s s o c i a t e d  w i t h  t h a t  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  a s  o u t p u t  a r e  a  s e r i e s  o f  g raphs  drawn by 

t h e  CALCOMP p l o t t e r  f rom magne t i c  t a p e s  g e n e r a t e d  by t h e  com- 

p u t e r .  These p l o t s  i n c l u d e  t h e  obse rved  d a t a ,  t h e  c a l c u l a t e d  

c u r v e ,  and a n o t h e r  p a i r  of c u r v e s  o f  p l u s  o r  minus one 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  cu rve .  

I f  a  f u n c t i o n  o f  t h e  form T = A + B s i n  (Cd + E )  i 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 % 2n/365.25 % 0.017.  A s  an 

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

t o  va ry  i n  each  c a s e  t o  s e e  what v a l u e  t h e  computer would 

c a l c u l a t e .  

Tab le  6  shows a  s e r i e s  of  v a l u e s  of  f o u r  p a r a m e t e r s  f o r  a  

s e r i e s  o f  d a t a  p o i n t s  from I n t e r n a t i o n a l  Borde r ,  N o r t h p o r t  

s i t e ,  t o  Beaver  Terminal  f o r  c a l e n d a r  y e a r s  1964 th rough  1969.  

Inc luded  a r e  c a l c u l a t i o n s  from d a t a  s u p p l i e d  by o t h e r  a g e n c i e s  

f o r  Chief  J o s e p h ,  I c e  Harbor ,  McNary, and The D a l l e s .  
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TABLE 6. Least-Squares Fit Expressions Using 
the Single Function T = + B sin 
(Cd + D) 

J a n u a r y  - D e c e m b e r  

M o d e l  Comp . D a i l y  P e a k  
Temp,  Mean E x t r e m e  S h i f t - C  S h i f t - D  

OC A Y 0 C  -- B  OC -L R a d i a n s  R a d i a n s  

I n t e r n a t i o n a l  B o r d e r  1 9 6 6  T = 9 . 2 9  6 . 6 6  0 . 0 1 7 8  3 . 7 0  
( N o r t h p o r t )  1 9 6 7  9 . 6 4  6 . 6 4  0 . 0 1 8 1  3 . 8 1  

1 9 6 8  8 . 8 3  6 . 5 6  0 . 0 1 9 3  4 . 0 1  
1 9  6  9  9 . 3 6  8 . 1 4  0 . 0 1 7 2  3 . 9 7  

G r a n d  C o u l e e  1 9 6 4  T =  1 0 . 6  5 . 7  0 . 0 1 8 0  3 . 4 7  
1 9 6 5  1 0 . 4  7 . 2  0 . 0 1 6 4  3 . 7 5  
1 9 6 6  1 0 . 4 0  6 . 4 8  0 . 0 1 6 5  3 . 6 7  
1 9 6 7  1 0 . 9 8  6 . 9 5  0 . 0 1 7 3  3 . 5 1  
1 9 6 8  1 0 . 3 9  6 . 8 8  0 . 0 1 6 6  3 . 7 8  
1 9  6  9  1 0 . 0 9  7 . 8 4  0 . 0 1 7 2  3 . 9 2  

C h i e f  J o s e p h  

R o c k y  R e a c h  

P r i e s t  R a p i d s  

R i c h l a n d  

P a s  c o  

I c e  H a r b o r  



TABLE 6. (contd) 

McNary  

J a n u a r y  - D e c e m b e r  

Mode 1 Comp . D a i l y  P e a k  
Temp,  M e a n  E x t r e m e  S h i f t - C  S h i f t - D  

"C A ,  OC -- B, OC R a d i a n s  R a d i a n s  

1 9 6 4  T =  1 1 . 9 2  6 . 8 8  0 . 0 1 7 8  3 . 7 9  
1 9 6 5  T  = 1 1 . 9 7  7 . 6 4  0 . 0 1 6 5  4 . 0 9  
1 9 6 6  T  = 1 2 . 2 1  7 . 1 6  0 . 0 1 6 5  4 . 0 9  
1 9 6 7  T  = 1 2 . 9 0  7 . 3 3  0 . 0 1 8 2  3 . 6 7  
1 9 6 8  T = 1 1 . 8 9  7 . 2 1  0 . 0 1 6 8  4 . 0 6  
1 9 6 9  T  = 1 1 . 7 5  8 . 6 9  0 . 0 1 7 2  3 . 9  7  

U m a t i l l a  1 9 6 9  T =  1 1 . 5 2  8 . 8 6  0 . 0 1 7 2  4 . 0 2  

J o h n  Day - B i g g s  1 9 6 9  T  = 1 1 . 6 0  8 . 9 1  0 . 0 1 7 2  4 . 0 4  

T h e  D a l l e s  

B o n n e v i l l e  Dam 1 9 6 4  T  = 1 1 . 6 2  6 . 9 7  0 . 0 1 8 0  3 . 8 9  
1 9 6 5  T  = 1 1 . 7 5  7 . 7 0  0 . 0 1 6 5  4 . 1 5  
1 9 6 6  T = 1 1 . 9 3  7 . 2 0  0 . 0 1 6 5  4 . 1 7  
1 9 6 7  T  = 1 2 . 9 9  7 . 4 6  0 . 0 1 8 3  3 . 7 4  
1 9 6 8  T = 1 2 . 1 4  7 . 6 3  0 . 0 1 7 1  4 . 0 8  
1 9 6 9  T  = 1 1 . 8 4  9 . 1 1  0 . 0 1 7 2  4 . 0 4  

W a r r e n d a l e  

L o n g v i e w  1 9 6 9  T = 1 1 . 5 1  8 . 2 3  0 . 0 1 7 2  4 . 1 1  

B e a v e r  T e r m i n a l  1 9 6 9  T  = 1 1 . 8 2  8 . 6 4  0 . 0 1 7 2  4 . 1 4  



A C K N O W L E D G E M E N T  

An a t t e m p t  t o  summarize t h e  s a l i e n t  f e a t u r e s  o f  a  p r o -  

gram a s  l o n g  a s  t h e  D i v i s i o n  o f  P r o d u c t i o n  , suppor t ed  

s t u d y  02 50 10 1 0 ,  " E f f e c t s  o f  Reac to r  E f f l u e n t  on t h e  

Q u a l i t y  o f  Columbia R ive r  Water ,"  would r e q u i r e  a  g r e a t  

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

e f f o r t  which s h o u l d  b e  i n d i v i d u a l l y  acknowledged. I n  t h e  

p r e s e n t  i n s t a n c e ,  which i s  l i m i t e d  t o  a  summary o f  t h e  tem- 

p e r a t u r e  d a t a  a l o n e ,  a  g r e a t  number o f  p e r s o n s  made c o n t r i b u -  

t i o n s .  The c o l l e c t i o n  o f  meaningful  d a t a  on a  major  r i v e r  i n  

a l l  s o r t s  o f  w e a t h e r ,  good and bad ,  and i n  many s e a s o n s  o f  

t h e  y e a r  e n t a i l s  s a c r i f i c e s  o f t e n  ove r looked  i n  t h e  e a g e r n e s s  

t o  d e r i v e  meaningful  c o n c l u s i o n s  o f  s i g n i f i c a n c e  t o  an imme- 

d i a t e  problem. I t  i s  hoped t h a t  t h e  i n f o r m a t i o n  abou t  t h e  

Columbia R ive r  which h a s  been  d e r i v e d  from t h i s  program i s  

u s e f u l  t o  t h e  s c i e n t i f i c  community and o f  l a s t i n g  v a l u e  t o  

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

good o f  s o c i e t y .  

The f o l l o w i n g  p e r s o n s  because  of  unique  c i r c u m s t a n c e s  

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

p a r t i c i p a t i o n  t o  t h i s  program. 

R .  F .  F o s t e r ,  who, r e c o g n i z i n g  t h e  f u t u r e  n e c e s s i t y  t o  

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

q u a l i t y  o f  t h e  Columbia R i v e r ,  i n i t i a t e d  t h e  program and was 

t h e  p e r s o n  i n  c h a r g e  u n t i l  r e c e n t  y e a r s .  

J .  P .  CorZey, i n  v a r i o u s  c a p a c i t i e s  a s  r e s e a r c h  s u p e r -  

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

m a j o r i t y  o f  d a t a  i n  t h e  Hanford r e a c h  o f  t h e  p l a n t .  T h i s  

work i n v o l v e d  g r e a t  s a c r i f i c e s  o f  a  p e r s o n a l  n a t u r e  i n  terms 

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

and c o n f i d e n c e  i n  t h e  numer ica l  i n f o r m a t i o n  a c h i e v e d .  



J .  K .  S o l d a t  and R. B .  H a l l ,  who,because o f  r e l a t e d  work 

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

v a r i o u s  a s p e c t s  o f  t h e  program. 

C .  T .  Vaughn and h i s  co -worker s  a t  t h e  Grand Cou lee  P r o j e c t  

who th rough  t h e  y e a r s  were most h e l p f u l  i n  making s p e c i a l  

a r rangements  and d a t a  c o l l e c t i o n s .  

The t o t a l  s t a f f  o f  t h e  R e g i o n a l  M o n i t o r i n g  o r g a n i z a t i o n s  

i n c l u d i n g  W .  C .  Hor ton ,  t h e  p r e s e n t  working l e a d e r ,  who p r o -  

v i d e d  p e r s o n n e l ,  equipment ,  and h e l p f u l  a s s i s t a n c e  . 
D .  G .  D a n i e l s ,  J .  R .  E l i a s o n ,  H. P .  Foote  and 

J .  C .  S o n n i c h s e n  who worked a s  an  e f f e c t i v e  team i n  b r i n g i n g  

advanced methods o f  remote imagery i n t o  e f f e c t i v e  use  and r a n  

t h e  c r i t i c a l  expe r imen t s  which r e s u l t e d  i n  t h e  i n f o r m a t i o n  

summarized i n  Appendix C .  

D. A .  K o t t w i t z  who d i s p l a y e d  u n u s u a l  c a r e ,  p a t i e n c e  and 

d i l i g e n c e  i n  t h e  development o f  a n a l y t i c a l  programs w i t h o u t  

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

n o t  b e  p o s s i b l e .  

To a l l  p e r s o n s ,  mentioned o r  n o t ,  who i n  t h e  c o u r s e  of  

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

body o f  i n f o r m a t i o n  be  t h e  s t a t e  -of  - t h e - a r t  i n  t h e  development  

o f  a  f a c t u a l  d a t a  b a s e .  
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New W a s h i n g t o n  S t a t e  Water  Q u a l i t 9  S t a n d a r d s .  Wa te r  P o l l u t i o n  
C o n t r o l  Commiss ion ,  Olympia ,  W a s h i n g t o n ,  December 1 8 ,  1967 .  



R e s e a r c h  R e l a t e d  t o  t h e  Development  o f  a  Power R e a c t o r  S i t e  on  
t h e  Lower Columbia R i v e r ,  R e s e a r c h  R e p o r t  t o  P o r t l a n d  Genera l  
E l e c t r i c  Company. B a t t e l l e - N o r t h w e s t ,  R i c h l a n d ,  Wash ina ton ,  
June 15 ,  1968 .  - 

" R e s e a r c h  Needs i n  t h e  C i v i l  E n g i n e e r i n g  A s p e c t s  o f  Power, I' 

P r o c e e d i n g s  ASCE S p e c i a l t y  C o n f e r e n c e ,  Wash ing ton  S t a t e  Un i -  
v e r s i t y ,  Pu l lman ,  Wash ing ton ,  Sep t ember  11-1 3,  1968 .  

R e s e a r c h  R e l a t e d  t o  t h e  P r e d i c t i o n  o f  Tempera tu re  a t  a  Power 
R e a c t o r  S i t e  on t h e  Lower Columbia R i v e r ,  R e s e a r c h  R e p o r t  t o  
P o r t l a n d  Genera l  E l e c t r i c  Company. B a t t e l l e - N o r t h w e s t ,  R i c h l a n d ,  
Wash ing ton ,  March 1 ,  1969.  

A T h r e e  D imens iona l  S t u d 2  o f  Parame te r s  R e l a t e d  t o  t h e  C u r r e n t  
D i s t r i b u t i o n  i n  Lake R o o s e v e l t ,  R e s e a r c h  R e p o r t  t o  O f f i c e  o f  
Water  Resource s  R e s e a r c h  U n i t e d  S t a t e s  Department  o f  t h e  I n -  
t e r i o r ,  W a s h i n g t o n ,  D . c .  . ~ a t t e l ~ e - i v o r t h w e s t ,  ~ i c h l a n d ,  
Wash ing ton ,  A p r i l  23, 1969 .  

Tempera tu re  P r e d i c t i o n  and C u r r e n t  Measurements  R e l a t e d  t o  t h e  
Development  o f  a  Power R e a c t o r  S i t e  on t h e ,  Lower Columbia R i v e r  
i n  t h e  V i c i n i t g  o f  Kalama, Wash ing ton ,  R e s e a r c h  R e p o r t  t o  C la rk  
and C o w l i t z  County  P u b l i c  U t i l i t y  D i s t r i c t s .  B a t t e l l e -  
N o r t h e w s t ,  R i c h l a n d ,  W a s h i n g t o n ,  June 3 ,  1969 .  

P r e d i c t i o n  o f  Columbia R i v e r  T e m p e r a t u r e s  Downstream from Grand 
Cou lee  f o r  Wide Ex t r emes  o f  Flow and Wea ther  C o n d i t i o n s ,  C o n t r a c t  
r e p o r t  t o  F i s h  Passage  R e s e a r c h ,  Bureau o f  Commercial  F i s h e r i e s ,  
U.3. F i s h  and W i l d l i f e  S e r u i v e ,  U .S .  Department  o f  I n t e r i o r ,  
W a s h i n g t o n ,  D . C .  * 

*Copy may b e  made a v a i l a b l e  by G .  B .  C o l l i n s ,  Program D i r e c t o r .  
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R E L A T E D  S T U D I E S  

Tab les  A-1 and A - 2  show w e a t h e r  f a c t o r s  and dewpoint  a t  

Hanford.  Flow of t h e  Columbia R ive r  from T r i n i d a d ,  j u s t  below 

Rock I s l a n d  Dam, t o  P r i e s t  Rapids f o r  1954 through 1969 i s  

shown i n  Table  A-3. 

F i g u r e s  A- 1 th rough  A -  8 d e p i c t  t h e  l e a s t - s q u a r e s -  f i t  

cu rves  of t h e  Columbia R i v e r  f low and t h e  Hanford s o l a r  r a d i a -  

t i o n ,  dewpoint  and a i r  t e m p e r a t u r e  f o r  1964 and 1965. 



TABLE A - 1 .  Weather Factors a t  Hanford 

Tempera ture  S o l a r  R a d i a t i o n  
Rank r - Rank r 

Day Low Day Low 
Year F u n c t i o n ,  OF - -  Tmax Tmax F u n c t i o n  (Langley)  ---- 'R 'max S.R'max High r l  + r2 

C o r r e l a t i o n  C o e f f i c i e n t  = 1 XY 1 / 2  = 0.410 
[ ( ~ x " )  ( Z r t 2 )  I - 
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TABLE A - 2 .  D e w p o i n t  a t  H a n f o r d  Mode led  t o  G e n e r a l  F u n c t i o n :  
T = T + B s i n  (Cd + D )  

C a l e n d a r  Computed V a l u e ,  O F  

Ye a r  F u n c t i o n  Mode l  T Max T Min 

1 9 5 5  T = 3 6 . 6  + 1 0 . 7  s i n  ( 0 . 0 1 9 9 d + 3 . 5 6 )  4 3 . 3  21 .9  

1 9 5 6  T = 3 3 . 3  + 1 1 . 0  s i n  ( 0 . 0 1 6 9 d + 4 . 3 6 )  4 4 . 3  2 2 . 3  

1 9 5 7  Not  A v a i l a b l e  

1 9 5 8  T = 3 8 . 9  + 8 . 5  s i n  ( 0 . 0 2 0 5 d + 3 . 8 8 )  4 7 . 4  30 .4  

1 9 5 9  T = 3 2 . 2  + 8 . 0  s i n  ( 0 . 0 1 7 0 d + 4 . 1 )  40 .2  24 .2  

1 9 6 0  T = 2 9 . 4  + 1 2 . 5  s i n  ( 0 . 0 1 2 6 d + 5 . 2 )  4 1 . 9  1 6 . 9  

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

1962  T = 3 2 . 4  + 11.1 s i n  ( 0 . 0 1 2 6 d + 4 . 9 4 )  43 .5  2 1 . 3  

1 9 6 3  T = 2 3 . 5  + 2 1 . 3  s i n  ( 0 . 0 0 9 6 d + 5 . 8 9 )  4 4 . 8  2 . 2  

1 9 6 4  T = 3 2 . 9  + 1 0 . 3  s i n  ( 0 . 0 1 9 8 d + 3 . 4 9 )  43 .2  22 .6  

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

1 9 6 6  T = 3 3 . 9  + 7 . 9  s i n  ( 0 . 0 1 7 8 d + 3 . 7 )  4 1 . 8  2 6 . 0  

1 9 6 7  T = 3 4 . 8  + 9 . 0  s i n  ( 0 . 0 1 8 9 d + 3 . 9 )  4 3 . 8  2 5 . 8  
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TABLE A-3.  C o l u r r t b i a  R i v e r  F l o w :  T r i n i d a d - P r i e s t  R a p i d s  

F low = A + B  - [ ( d - C ) / E I  * 
e 

Volume i n  
Year F u n c t i o n ,  k c f s  T h o u s a n d s  A c r e -  F e e t  

7 5 . 5  + 3 4 1 . 0 e  - [ ( d -  1 8 5 . 3 )  / 3 1 . 1 ]  ' - 

1 9 5 9  9 8 . 5  + 2 9 5 . 4 e  - [ ( d -  1 7 2 . 3 )  / 4 0 . 4 ]  ' 
0 

1 9 6 4  6 9 . 5  + 3 4 9 . 2 e  - [ ( d -  1 7 6 . 7 )  / 3 5 . 1 ]  ' 9 2 , 9 9 0  

1 9 6 5  7 6 . 7  + 2 3 6 . 4 e  - [ ( d - . 1 6 5 . 5 ) / 4 6 . 1 ]  
?3 

9 5 , 1 3 0  
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A P P E N D I X  B 

L E A S T - S Q U A R E S  F I T T I N G  P R O G R A M  L E A R N  

D .  A .  K o t t w i t z  
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A P P E N D I X  B 

L t A S T - S Q U A R E S  F I T T I N G  P R O G R A M  L E A R N  - 

D. A .  K o t t w i t z  

The n o n l i n e a r  l e a s t - s q u a r e s  f i t t i n g  program LEARN i s  a  

d i r e c t  descendan t  o f  t h e  computer program MISFIT, which was 

used  i n  p r e v i o u s l y  r e p o r t e d  r i v e r  s t u d i e s .  (B1) The p r i n c i p l e s  

on which LEARN i s  b a s e d  a r e  g i v e n  i n  Reference  B 2 ,  and i n s t r u c -  

t i o n s  f o r  p r a c t i c a l  use  a r e  g i v e n  i n  Reference  B3. I n  t h i s  

appendix we s h a l l  c o n c e n t r a t e  on t h o s e  f e a t u r e s  o f  p a r t i c u l a r  

i n t e r e s t  i n  t h e  p r e s e n t  work. 

The c a l c u l a t i o n s  r e p o r t e d  h e r e  were per formed ove r  a  p e r i o d  

o f  s e v e r a l  months by means of  t h r e e  c l o s e l y  r e l a t e d  FORTRAN V 

(UNIVAC 1108) v e r s i o n s ,  d e s i g n a t e d  LEARN- I -A,  (B2)  LEARN- I  - B ,  

and LEARN-I-C. These e v o l v i n g  v e r s i o n s  d i f f e r  from t h e  o r i g i n a l  

i n  two ma jo r  r e s p e c t s .  F i r s t ,  t h e  i t e r a t i v e  p o r t i o n  of t h e  

program, i n  which t h e  l e a s t - s q u a r e s  minimum i s  s o u g h t ,  h a s  been  

e x t e n s i v e l y  modi f i ed  t o  i n c r e a s e  t h e  r e l i a b i l i t y  and s p e e d  of  

convergence .  This  improvement i n  per formance  i s  due t o  t h e  

u s e  o f  improved s a d d l e - d e t e c t i o n ,  s t e p - r e v e r s a l ,  s t e p - r e d u c t i o n ,  

and g r a d i e n t  t e c h n i q u e s .  The second major  d i f f e r e n c e  i s  an 

i n c r e a s e  i n  t h e  f l e x i b i l i t y  of  c o n t r o l  of  t h e  CALCOMP p l o t t e r  

o u t p u t .  The o t h e r  i m p o r t a n t  f e a t u r e s  of t h e  program,  i n c l u d i n g  

t h e  b a s i c  s t r u c t u r e  and t h e  s t a t i s t i c a l  a n a l y s e s ,  a r e  unchanged. 

Two v a r i a n t s  of  t h e  t e m p e r a t u r e - f i t t i n g  program a r e  i n  u s e .  

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

a r e  a d j u s t a b l e ;  i n  t h e  s e c o n d ,  t h e  f r e q u e n c y  p a r a m e t e r  i s  h e l d  

f i x e d  a t  a  v a l u e  s p e c i f i e d  by t h e  u s e r  (no rmal ly  abou t  

2II1365.25 = 0.0172 r a d i a n / d a y ) .  Of c o u r s e  t h e  f o u r - p a r a m e t e r  

f i t  i s  b e t t e r ,  b u t  t h e  f r e q u e n c y  s o  o b t a i n e d  may n o t  be 

" r e a s o n a b l e .  " 
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I n  b o t h  v a r i a n t s  of t h e  t e m p e r a t u r e  f i t t i n g  program, t h e  

ave rage  t e m p e r a t u r e  i s  e x p l i c i t l y  c a l c u l a t e d .  For  c r o s s -  

checking  t h i s  i s  done i n  t h r e e  ways:  (1) a n a l y t i c a l l y  from t h e  

f i t t e d  p a r a m e t e r s ,  ( 2 )  approx ima te ly  by summing t h e  i n p u t  d a t a  

v a l u e s ,  and (3) approx ima te ly  by summing t h e  c o r r e s p o n d i n g  

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

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

R E F E R E N C E S  

B I .  R .  T .  J a s k e  and J .  B .  GoebeZ. " E f f e c t s  o f  Dam C o n s t r u c t i o n  
on T e m p e r a t u r e s  o f  CoZumbia R i v e r , "  J .  Am.  Water  Works 
A s s o c . ,  0 0 2 .  59 ,  p p .  935-942.  1967: 

B2. B .  H .  Duane. Maximum L i k e  Zihood NonZinear  Corre Zated 
Fie  Zds ( B N W  Program LIKELY), BNWL-390. Ba t t eZZe -  
N o r t h w e s t ,  R i ch  Zand, Wash ing ton ,  Sep tember  1967.  

B3. G .  D .  SeyboZd.  U s e r ' s  A i d :  Programs LEARN and LIKELY, 
BNWL-1057. B a t t e Z Z e - N o r t h w e s t ,  R i c h l a n d ,  Wash ing ton ,  
May 1969 .  
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A P P E N D I X  C 

SUMMARY OF E F F L U E N T  M I X I N G  S T U D I E S  

Commencing wi th  t h e  i n i t i a t i o n  of o p e r a t i o n s  a t  Hanford,  

t h e  d i s p e r s i o n  of p l a n t  e f f l u e n t s  i n t o  t h e  Columbia River  i n  

r e l a t i o n  t o  p u b l i c  s a f e t y  has been t h e  s u b j e c t  of i n t e n s i v e  

s t u d y .  I n  t h e  e a r l y  days ,  t h e  use of  b o a t  t r a v e r s e s  o r  f l o a t s  

c o n s t i t u t e d  t h e  s t a t e - o f - t h e - a r t  i n  t h e  development of e a r l y  

models which d e s c r i b e d  e f f l u e n t  mixing.  Ea r ly  i n v e s t i g a t o r s  

such as Glover (C1) and HONSTEAD (unpubl ished)  produced s a t i s -  

f a c t o r y  e x p r e s s i o n s  f o r  t h e  one-dimensional  d e s c r i p t i o n  of 

r a d i o n u c l i d e  d i s p e r s i o n .  This was r e l a t i v e l y  ea sy  because  t h e  

f i n e  s t r u c t u r e  of mixing was u n a f f e c t e d  by t h e  e f f l u e n t  tem- 

p e r a t u r e  and t h e  means f o r  measurement of  r a d i a t i o n  gave many 

o r d e r s  of  magnitude of c o n c e n t r a t i o n  a s  compared w i t h  a  r e l a -  

t i v e l y  narrow span f o r  thermal  m o d i f i c a t i o n s  . 
In  1964 Corley i n i t i a t e d  an i n t e n s i v e  program t o  d e s c r i b e  

t h e  thermal  regimen of t h e  r i v e r  c l o s e - i n  t o  t h e  r e a c t o r  d i s -  

cha rges .  The r e s u l t s  of  t h i s  work a r e  summarized i n  F igu re s  C - 1  

and C-2. Hundreds of hours  of b o a t  time and a  g r e a t  d e a l  of 

p lann ing  were r e q u i r e d  t o  c o o r d i n a t e  t h e  r e s e a r c h  o p e r a t i o n s  

w i t h  t h e  p l a n t  o p e r a t i o n s  and t h e  r e g u l a t e d  f low changes of 

t h e  Columbia River .  The r e s u l t s  had t o  remain c l a s s i f i e d  

u n t i l  t h e  s p r i n g  of 1969 when t h e  O f f i c e  of C l a s s i f i c a t i o n  

began a  s e r i e s  of a d m i n i s t r a t i v e  a c t i o n s  which have p e r m i t t e d  

t h e  d i s c l o s u r e  of much p r e v i o u s l y  c l a s s i f i e d  documentat ion.  

Beginning i n  1966 and con t inu ing  t o  t h e  p r e s e n t ,  B a t t e l l e -  

Northwest has  deve loped remote imagery technology which has  

o b s o l e t e d  t h e  o l d  methods of  b o a t  su rveys  excep t  f o r  t h e  

e s s e n t i a l  purposes  of c a l i b r a t i o n  and v e r t i c a l  c o n c e n t r a t i o n  

sounding.  The mixing a c t i o n  a t  t h e  p o i n t  of d i s cha rge  t o  a  
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YARDS 

1 5 0 0  1 0 0 0  5 0 0  

I - 0 

ONE STATUTE MlLE 

NOTES 

o FLOW AT PRIEST RAPIDS 3 5 - 4 0  KCFS 

b ALL RIVER TEMPERLTURES SHOWN ARE INCREMENTAL 
RISES I\BOVE PRlEST RAPIDS. WHICH IS TAKEN AT O O ° C  

FIGURE - C-1. I n c r e m e n t a l  T e m p e r a t u r e  A b o v e  B a s e  R i v e r  
T e m p e r a t u r e  ( S u m m a r y  of C r o s s - S e c t i o n  
T r a v e r s e s ,  R i v e r  M i l e  3 7 8 - 3 8 4 ,  A l l  
R e a c t o r s  O p e r a t i n g ,  4 1 , 0 0 0  cfs)  



YARDS 

1 5 0 0  1000 5 0 0  

I 
0 

ONE STATUTE M I L E  

NOTES : 
a. FLOW AT PRIEST RAPIDS 9 0 - 1 0 0  KCFS 

b. ALL RIVER TEMPERATURES SHOWN ARE 
INCREMENTAL RISES ABOVE PRIEST RAPIDS, 
WHICH IS TAKEN AT O.O6C 

FIGURE C-2. I nc r emen ta l  Temperature Above B a s e  R iver  
Temperature (Summary of  Cross-Sect ion  
T r a v e r s e s ,  River  M i l e  378-384, A l l  
Reac to r s  Opera t ing ,  88,000 c f s )  
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d i s t a n c e  of 300 yards  downstream has always been too  d i f f i c u l t  

t o  measure because of t he  combination of r i v e r  and e f f l u e n t  

t u rbu l ence  and the  s i z e  of t h e  system under i n v e s t i g a t i o n .  

The use of  remote imagery now permi t s  r e a l  time a n a l y s i s  of 

thermal  r e l e a s e s  and t h e  compression of d a t a  c o l l e c t i o n  c o s t s  

and time by o rde r s  of magnitude. F igures  C-3, C - 4  and C-5 

i l l u s t r a t e  t h e  type of r e a l - t i m e  d a t a  which can be gene ra t ed  

by a  s i n g l e  time frame of imagery u s ing  advanced computer 

a n a l y s i s  techniques  under development a t  P a c i f i c  Northwest 

Laboratory .  These d a t a  a l s o  pe rmi t t ed  advances i n  t h e  develop- 

ment of mathemat ical  models of d i s p e r s i o n  i n  two dimensions 

and the  f i r s t  r e a l i s t i c  a t t empts  t o  model t he  mixing zone imme- 

d i a t e l y  a t  t he  p o i n t  of d i s cha rge .  The f i n d i n g s  t h a t  co ld  

e f f l u e n t  r e l e a s e s  always d i s p e r s e  l e s s  r a p i d l y  t han  warmed 

r e l e a s e s  remains t o  be co r robo ra t ed  by a d d i t i o n a l  i n v e s t i g a t o r s ,  

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

d i s c u s s e d  below would n o t  have been p o s s i b l e  w i thou t  t h e  use 

of advanced computer systems f o r  the  v i s u a l  r e p r e s e n t a t i o n  of 

remote imagery. 

These de t e rmina t ions  of temperature  g r a d i e n t s  a r e  l i m i t e d  

t o  two dimensions us ing  p r e s e n t  s t a t e - o f - t h e - a r t  technology 

and must s t i l l  be supplemented by b o a t  o r  buoy surveys  t o  

determine v e r t i c a l  c u r r e n t  and concen t r a t i on  g r a d i e n t  p r o f i l e s .  

However, us ing  t he se  two-dimensional  methods and supplementing 

them w i t h  s u r f a c e  p rob ing ,  in format ion  of t h e  type shown i n  

F igures  C - 3 ,  C - 4  and C-5 can be developed. These f i g u r e s  a r e  

eng inee r ing  drawings of t he  concen t r a t i on  i s o p l e t h s  i n  t he  mix- 

ing  a r e a  below the  d i s cha rge  of t h e  100-K p roduc t ion  a r e a  a t  

Hanford. The mathemat ical  t r ea tmen t  of a  s e r i e s  of d a t a  p l o t s  

of t h i s  type on a  r e a l - t i m e  b a s i s  pe rmi t s  v a s t l y  improved 

i n s i g h t  i n t o  t he  p h y s i c a l  mechanics of t h e  mixing p roces s .  

The s i g n i f i c a n c e  of improved unders tanding of t h e  p h y s i c a l  mix- 

ing  regimen cannot be o v e r s t a t e d  i n  t h e  l i g h t  of new s tandards  

limitino a t ~ m p ~ r n t i ~ r ~  d i  f f e r e n t i  als of  mixing zones.  
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S T U D Y  OF T H E  M I X I N G  Z O N E  

Below a  few hundred  m e t e r s  from t h e  p o i n t  of  r e l e a s e ,  t h e  

d i s c h a r g e s  i n  a  r e l a t i v e l y  t u r b u l e n t  s t r e a m  have been  shown t o  

f o l l o w  t h e  c l a s s i c a l  work of  T a y l o r ;  however,  t h e  use  of  a  

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

of  t h e  sample s t r e a m  can produce  e r r o n e o u s  r e s u l t s .  A s o l u t i o n  

of  t h e  T a y l o r  e x p r e s s i o n :  

where c = t h e  c r o s s - s e c t i o n a l  mean c o n c e n t r a t i o n  

ii = t h e  mean f l o w  v e l o c i t y  

t = t ime 

x  = d i s t a n c e  i n  t h e  d i r e c t i o n  of mean f low 

Dx = l o n g i t u d i n a l  d i s p e r s i o n  c o e f f i c i e n t  

Kx = a  s c a l i n g  f a c t o r  p r o p o r t i o n a l  t o  C t h e  
0 ' 

o r i g i n a l  c o n c e n t r a t i o n  can  be w r i t t e n :  

Then,  e s t i m a t e s  of  t h e  v a r i a b l e s  K x ,  D x ,  and i were o b t a i n e d  

from a  s e r i e s  of  r e a c h e s  f o r  which r e a l - t i m e  c o n c e n t r a t i o n  d a t a  

have been accumula ted  u s i n g  a  n o n l i n e a r  l e a s t - s q u a r e s  f i t t i n g  

method deve loped  a t  P a c i f i c  Northwest  Labora to ry  ( C 2 )  and 

m o d i f i e d  by K o t t w i t z  (unpub l i shed)  . The s p e c i a l  program 

c a l l e d  LEARN/DI SPERS employs t h e  g e n e r a l  r e  l a t i o n s h i p  : 

where X ,  y ,  z  = space  c o o r d i n a t e s  

A l ,  A 3 ,  A5 = c o n v e c t i v e  speed  pa ramete r s  



BNWL- 1345 

A 2 ,  A 4 ,  A6 = d i s p e r s i o n  c o e f f i c i e n t s  

A7 = ampli tude ( c o n c e n t r a t i o n )  parameter  

d  = number of space  d imensions ,  e .  g .  , 
i f  d  = 1, y  and z terms a r e  omi t t ed  

i f  d  = 2 ,  z term i s  omi t t ed  

i f  d  = 3 ,  a l l  terms a r e  inc luded .  

The r e s u l t i n g  program i s  capable  of f i t t i n g  s e p a r a t e l y  

a  s e t  of d a t a  f o r  any number of d i s c r e t e  l o c a t i o n s  o r  f i t t i n g  

s e q u e n t i a l l y  s e v e r a l  s e t s  of consecu t ive  d a t a  s e t s .  In  add i -  

t i o n  t o  t h e  numer ica l  de t e rmina t i on  of t h e  pa r ame te r s ,  t h e  

program p l o t s  t h e  r e s u l t s  o r  g r a p h i c a l  i n t e r p r e t a t i o n .  An 

example of  the  ou tpu t  of  such an a n a l y s i s  i s  shown i n  

F igure  C-6. The numer ica l  va lue s  ob t a ined  i n d i c a t e d  t h a t  t h e  

combination of remote s e n s i n g  f o r  c o n c e n t r a t i o n  i n p u t  and t h e  

use  of improved e v a l u a t i o n  of Dx w i t h  r e l a t i o n  t o  s t ream 

reach  g ive s  improved i n s i g h t  i n t o  p r e d i c t i v e  computat ions.  

A t  p r e s e n t  no w e l l  developed theory  e x i s t s  f o r  p r e d i c t i n g  

mixing i n  t he  l a t e r a l  d i r e c t i o n .  Data summaries have been 

g e n e r a l l y  i n  the  form which e s t i m a t e s  t he  va lue  of D as  
Y 

fo l lows  : 

where h  = t h e  depth  of f low 

Ux = mean v e l o c i t y  of a  v e r t i c a l  t r a n s e c t . .  

In  1967, us ing  b o a t  d a t a  measured i n  t h e  Hanford e f f l u e n t  

plumes, J a s k e  (C3) developed an exp re s s ion  which c o r r e l a t e d  

t he  sp r ead ing  v e l o c i t y  as  a  f u n c t i o n  of downstream t r a v e l  

time t 

9 = a  exp - (b x) d t  
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E l a p s e d  T i m e ,  H o u r s  

Neg PNL 7 0 3 5 3 8 - 1 3  

FIGURE C-6. Computer Genera ted  Output  of B e s t  F i t  
t o  One-Dimensional D i s p e r s i o n  Using 
LEARN/DI SPERS 
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where y ,  x  = s p a c i a l  pa ramete r s  i n  c o n s i s t e n t  t ime frame 

t = t ime 

a ,  b  = e x p e r i m e n t a l  c o n s t a n t s .  

Using t h i s  e x p r e s s i o n ,  t h e  e x t e r n a l  edge of t h e  s p r e a d i n g  

mixing zone c o u l d  be a c c u r a t e l y  p r e d i c t e d  t o  t h e  p o i n t  where 

on ly  one-dimensional  e f f e c t s  became paramount.  

C u r r e n t l y ,  u s i n g  t h e  dye imagery d i s c u s s e d  above,  a  new 

approach h a s  y i e l d e d  a d d i t i o n a l  i n s i g h t  i n t o  numer ica l  v a l u e s  

of  t h e  l a t e r a l  d i s p e r s i o n  c o e f f i c i e n t  D 
Y '  

I f  t h e  assumption 

t h a t  t h e  l a t e r a l  d i s t r i b u t i o n  i s  Gauss ian  can be made, 

( g e n e r a l l y  t r u e  f o r  r e a c h e s  where momentum e f f e c t s  from t h e  

d i s c h a r g e  j e t  o r  i n i t i a l  d e n s i t y  d i f f e r e n c e s  a r e  z e r o ) ,  t h e  

w i d t h  of t h e  plume a t  any d i s t a n c e  (x) from t h e  p o i n t  of 

r e l e a s e  can be d e s c r i b e d  a s :  

where a 
(XI 

= s p a c e  v a r i a n c e  a t  some d i s t a n c e  from t h e  

r e  l e a s e  p o i n t  

o  = space  v a r i a n c e  due t o  t h e  i n i t i a l  c o n v e c t i v e  D 
mixing 

oM = d i s p e r s i o n  r e p r e s e n t e d  by t h e  d i f f u s i o n  p r o c e s s  

t h e n  

2 where D = l a t e r a l  d i f f u s i o n  c o e f f i c i e n t  ( f t  / s e c ) .  
Y 

Using t h e  t h e o r y  o f  c o n v o l u t i o n  and making t h e  f u r t h e r  

assumpt ion  t h a t  95% o r  4 0  of  t h e  t r a c e r  i s  t h e  e x t e n t  of  

t h e  c o n s e r v a t i o n  of  t r a c e r  t o  be i n c l u d e d ,  it i s  p o s s i b l e  t o  
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where W 
(XI 

= plume w i d t h  a t  a  d i s t a n c e  x  from x  
0 

W = i n i t i a l  w i d t h  a t  t r a c e r  r e l e a s e  p o i n t  
0 

x  = o r i g i n  of t h e  d i f f u s i o n  p r o c e s s  
0 

then  

under  t h e  assumpt ion  t h a t  t h e  conveyance v e l o c i t y  i s  uni form.  

E v a l u a t i o n s  of t h e  s i z e  o f  t h e  s p r e a d i n g  plume were made f o r  

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

b e i n g  c o n s t a n t .  The r e s u l t s  a r e  summarized i n  Table  C-1. 

TABLE C-1. Summary of  L a t e r a l  D i f f u s i o n  C o e f f i c i e n t s  

R i v e r  Flow 
3  E f f l u e n t  2 

(cumec) f t  / s e c  Cond i t ion  D m / s e c  v 2 f t  / s e c  

1,420 50,108 Cold 0.177 1.9042 

2,850 100,560 Cold 0.184 1.9799 

2,270 80,100 Hot 0.492 5.2931 

3,130 110,450 Hot 0.680 7.3157 

4,120 145,380 Hot 0.271 2.9155 

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

bouyant  c o n d i t i o n s  r e v e a l  a  l a t e r a l  d i f f u s i o n  c o e f f i c i e n t  
2 approx imate ly  e q u a l  t o  0.18 m / s e c .  These r e s u l t s  a g r e e  w e l l  

w i t h  t h e  work per formed i n d e p e n d e n t l y  by Glover .  Under 

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

g e n e r a l l y  h i g h e r .  The assumption t h a t  dye p a r t i c l e s  a r e  of 

ze ro  s i z e  can be made, and f o r  v e r y  low dye c o n c e n t r a t i o n s ,  

( l e s s  t h a n  10 ppb) t h e  mix tu re  of  f l u i d  and dye s h o u l d  have 

e s s e n t i a l l y  t h e  same d e n s i t y  and k i n e m a t i c  v i s c o s i t y  a s  t h e  

normal ,  h e a t e d  e f f l u e n t .  T h e r e f o r e ,  t h e  use  of dye does n o t  

change t h e  hydrodynamic c h a r a c t e r  of  t h e  h e a t e d  o r  c o l d  plume 
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t o  any measurable  e x t e n t .  Th i s  b e i n g  t h e  c a s e ,  t h e  r e s u l t s  

s u g g e s t  t h a t  t h e  t h e r m a l  eddy d i f f u s i v i t y  o f  t h e  h e a t e d  plume 

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

t h e  c u r r e n t  r anges  examined. T h i s  o b s e r v a t i o n  a l s o  s u g g e s t s  

t h a t  as t h e  momentum of t h e  r e c e i v i n g  w a t e r  i n c r e a s e s ,  t h e  d i f -  

f e r e n c e  be  tween t h e  two c o e f f i c i e n t s  w i  11 d e c r e a s e  a s y m p t o t i c a l l y  

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

i t s e l f .  These t e n t a t i v e  c o n c l u s i o n s  appea r  t o  i n d i c a t e  t h a t  

mixing from h e a t e d  plums i s  g r e a t e r  i n  t h e  c a s e s  where i n i t i a l  

momentum d i f f e r e n c e s  between t h e  r e c e i v i n g  s t r e a m  and t h e  p o i n t  

o f  d i s c h a r g e  a r e  t h e  g r e a t e s t .  T h i s  r e l a t i o n s h i p  has  been  q u a l i -  

t a t i v e l y  s u g g e s t e d  i n  a  number of p u b l i c a t i o n s  and r e p o r t s  a t  

P a c i f i c  Northwest  Labora to ry  and i s  t h e  b a s i s  f o r  t h e  recommen- 

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

t o  c a n a l  d i s c h a r g e s  a s  a  means of minimiz ing  t h e  t e m p e r a t u r e s  

of  t h e  mixing zone. T h i s  recommendation runs  c o u n t e r  t o  s t a n -  

d a r d  d e s i g n  p r a c t i c e  i n  many c o u n t r i e s  i n c l u d i n g  t h e  Uni t ed  

S t a t e s .  

For  a  f u l l  t r e a t m e n t  of  t h i s  c o n c e p t ,  p l e a s e  r e f e r  t o  

"Dye S t u d i e s  Through Use of Advancements i n  an A e r i a l  O p t i c a l  

Mechanica l  Imaging System," by J .  R .  E l i a s o n  and H .  P. F o o t e ,  

BNWL-SA- 3204, A p r i l  1970,  and " D i s p e r s i o n  C h a r a c t e r i s t i c s  : 

Columbia R ive r  Between R i v e r  Mi le  383 and R i v e r  Mile  355," 

by J .  C .  Sonn ichsen ,  R .  T .  J a s k e  and D. A. K o t t w i t z ,  

BNWL- 1477 ( i n  p u b l i c a t i o n ) .  
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A P P E N D I X  D 

S E C T I O N  I 

E F F E C T S  O F  H A N F O R D  O P E R A T I O N S  

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  

J .  P .  C o r l e y  

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

The e f f l u e n t  c o o l i n g  w a t e r  from t h e  Hanford r e a c t o r s  

d i f f e r s  markedly from i t s  Columbia R i v e r  s o u r c e  i n  i t s  h i g h  

t e m p e r a t u r e  and chemical  c h a r a c t e r i s t i c s ,  a s  w e l l  as i t s  

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

d i s c h a r g e  t o  t h e  r i v e r ;  l a t e r a l  v a r i a t i o n s  be ing  s t i l l  measur- 

a b l e  a t  R ich land ,  some 30 m i l e s  downstream from t h e  l a s t  

r e a c t o r  a t  100-F Area. D i r e c t  measurement of t h e s e  changes 

i s  d i f f i c u l t  because  of  t h e  uneven l a t e r a l  d i s t r i b u t i o n  of t h e  

e f f l u e n t s ,  t h e  v a r i a t i o n s  w i t h  t ime due t o  r a p i d l y  v a r y i n g  

w a t e r  r e l e a s e s  from P r i e s t  Rapids Dam, and e x t e r n a l  i n f l u e n c e s  

o f  w e a t h e r  and t r i b u t a r y  and ground w a t e r  i n f l o w s .  

Columbia R ive r  t empera tu res  a r e  r e c e i v i n g  i n c r e a s e d  a t t e n -  

t i o n  by r e g u l a t o r y  a g e n c i e s  ( a s  w e l l  a s  p o t e n t i a l l y  a f f e c t e d  

i n d u s t r i e s )  because  of t h e  p o t e n t i a l  10s s e s  from i n c r e a s e d  

t e m p e r a t u r e s  of  a q u a t i c  l i f e ,  e s p e c i a l l y  salmon. I n c r e a s i n g  

r e c o g n i t i o n  of  t h e  the rmal  e f f e c t s  of  dams i n  t h e  r i v e r s  o f  

t h e  P a c i f i c  Northwest  does n o t  change t h e  p o s i t i o n  of Hanford 

as  t h e  l a r g e s t  s i n g l e  man-made source  of  h e a t  on t h e  main s tem 

of  t h e  Columbia. Accura te  a s sessment  of t h e  a c t u a l  impact  of 

Hanford on r i v e r  t empera tu res  i s ,  t h e r e f o r e ,  h i g h l y  d e s i r a b l e .  

R e l a t e d  a r e a s  of  l o c a l  i n t e r e s t  i n c l u d e  l o c a l  e f f l u e n t  d i s t r i -  

b u t i o n s  ( f o r  a s sessment  of maximum c o n c e n t r a t i o n  e f f e c t s )  and 

t h e  accuracy  w i t h  which Hanford p r o d u c t i o n  r a t e s  can be  e s t i -  

mated from r i v e r  t e m p e r a t u r e s  ( a  p l a n t  s e c u r i t y  problem) .  I n  
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a d d i t i o n ,  d e t a i l e d  knowledge of changes i n  r i v e r  chemica l  

c h a r a c t e r i s t i c s  caused  by r e a c t o r  e f f l u e n t s  i s  d e s i r e d  t o  

e v a l u a t e  t h e  s t a t u s  of  t h e  r i v e r  w i t h  r e s p e c t  t o  q u a l i t y  

c r i t e r i a  f o r  human consumption and f o r  a q e a t i c  l i f e .  

A r e s e a r c h  and development p r o j e c t  f o r  s t u d y  o f  t h e  e f f e c t s  

o f  r e a c t o r  e f f l u e n t  on Columbia R i v e r  w a t e r  q u a l i t y  i s  b e i n g  

sponsored  by t h e  AEC D i v i s i o n  of  P r o d u c t i o n .  Work was s t a r t e d  

i n  October  1962. The f i r s t  e f f o r t  was aimed a t  f u r n i s h i n g  an 

immediate answer t o  a  s e c u r i t y  q u e s t i o n :  how c l o s e l y  can  

Hanford p r o d u c t i o n  be e s t i m a t e d  by measurement of  r i v e r  tempera-  

t u r e s ?  An i n t e r i m  p r o g r e s s  r e p o r t  gave t h e  r e s u l t s  of t h e  

p r e l i m i n a r y  i n v e s t i g a t i o n .  During t h e  c a l e n d a r  y e a r  1963 ,  t h e  

s t u d y  was expanded t o  meet b r o a d e r  program o b j e c t i v e s .  T h i s  

document i s  a  p r o g r e s s  r e p o r t  f o r  t h e  y e a r ,  c o v e r i n g  t h e  tem- 

p e r a t u r e  and e f f l u e n t  d i s t r i b u t i o n  p h a s e s  of  t h e  program. Prog- 

r e s s  on t h e  chemica l  c h a r a c t e r i s t i c s  phase  of  t h e  program i s  

documented s e p a r a t e l y .  (D2)  The f r o n t i s p i e c e  shows t h e  s e c t i o n  

o f  t h e  r i v e r  under  s t u d y .  

SUMMARY 

The f i r s t  and major  o b j e c t i v e  of  t h e  s t u d y  program i s  

d e t e r m i n a t i o n  of  t h e  n e t  r e a c t o r  h e a t  e f f e c t  on o v e r a l l  r i v e r  

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

of  i n s t r u m e n t  procurement  and d a t a  c o l l e c t i o n .  I n v e s t i g a t i o n  

was s t a r t e d  t o  de te rmine  t h e  accuracy  of e x i s t i n g  ups t r eam 

and downstream t e m p e r a t u r e s  a t  t h e  same l o c a t i o n s ,  t h e  h e a t  

l o s s e s  from t h e  e f f l u e n t  between t h e  r e a c t o r s  and t h e  r i v e r ,  

t h e  e f f l u e n t  t r a v e l  t i m e s ,  and t h e  adequacy of m e t e o r o l o g i c a l  

d a t a  from t h e  Meteorology Tower f o r  u s e  a long  t h e  r i v e r .  

S p e c i f i c  i t e m s  o f  i n t e r e s t  found d u r i n g  t h e  s t u d y  i n c l u d e d  

t h e  p r o b a b l e  inadequacy of any s h o r e l i n e  l o c a t i o n  a s  a  d i r e c t  
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m o n i t o r i n g  p o i n t  f o r  r i v e r  t e m p e r a t u r e s ,  and t h e  p r o b a b l e  

e x i s t e n c e  of  one o r  two p o i n t s  i n  e v e r y  r i v e r  c r o s s  s e c t i o n  

which would c o n s i s t e n t l y  g i v e  t h e  mean c r o s s - s e c t i o n  tempera-  

t u r e  w i t h  adequa te  accuracy  ( f 0 . 2  "C) . 
F i g u r e s  D .  I 1 t o  D . 1  3  show t h e  enve lopes  of c r o s s - s e c t i o n  

t e m p e r a t u r e s  measured d u r i n g  1963 a t  t h r e e  l o c a t i o n s .  Note 

t h a t  t h e  t e m p e r a t u r e s  a c r o s s  each  s e c t i o n  were p l o t t e d  i n  a l l  

c a s e s  a s  d e p a r t u r e s  from t h e  mean f o r  a  p a r t i c u l a r  t r a v e r s e .  

The mean t e m p e r a t u r e s  v a r i e d  from 5  t o  20 O C .  

The F  Area sewer  t e m p e r a t u r e  was r e c o r d e d  c o n t i n u o u s l y  

d u r i n g  September and O c t o b e r ,  1963. T h i s  t e m p e r a t u r e  c y c l e d  

between 2 and 10 O C  h i g h e r  t h a n  t h e  raw w a t e r  t e m p e r a t u r e ,  

and r e p r e s e n t s  a  t o t a l  h e a t  i n p u t  t o  t h e  r i v e r  of  l e s s  t h a n  

0 . 0 1  "C a t  a l l  t i m e s .  The d a t a  i s  summarized i n  Tab le  D . 1 - 1 1 .  

Downstream Rive r  Flow Rate  E s t i m a t i o n  

No p r o g r e s s  was made on t h i s  p a r t  of t h e  s t u d y  f o r  l a c k  

of a  s a t i s f a c t o r y  b a s e .  Recorded gage e l e v a t i o n s  when t r a n s -  

l a t e d  t o  r i v e r  f low r a t e s  showed c o n s i s t e n t  e r r o r s  when 

compared w i t h  w a t e r  r e l e a s e  r a t e s  from P r i e s t  Rapids Dam a s  

r e p o r t e d  by Gran t  County P.U.D. The s o u r c e  of  t h i s  e r r o r  had  

n o t  y e t  been  found by  t h e  end of  t h e  c a l e n d a r  y e a r .  ( P r i o r  

t o  i s s u i n g  t h i s  r e p o r t ,  t h e  major  s o u r c e  of e r r o r  was found 

i n  a  p i e c e  of  mismatched equipment  a t  t h e  gage s t a t i o n .  Correc-  

t i o n s  have been made and s a t i s f a c t o r y  b a s e  f low d a t a  e s t a b l i s h e d  

f o r  p roceed ing  w i t h  t h i s  p a r t  o f  t h e  s t u d y . )  

Flow Time Measurement 

A t o t a l  of f i v e  i n s t a n t a n e o u s  dye r e l e a s e s  were made from 

v a r i o u s  r e a c t o r s  from which t ime of  t r a v e l  measurements c o u l d  

be t a k e n .  The t r a v e l  t ime d a t a  i s  summarized i n  Table  D.1-1. 

The t imes  of dye a r r i v a l  were f a i r l y  c l o s e  t o  t h o s e  e s t i m a t e d  

from Reference  D3. 
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TABLE D. 1-2. Cross-Section Mean Versus Recorded Temperatures 

Loca t ion  Date 

300 Area 1 1 - 2 9 - 6 2  

2 - 1 2 - 6 3  

4 - 2 - 6 3  

4 - 1 8 - 6 3  

5 - 2 3 - 6 3  

6 - 2 4 - 6 3  

6 - 2 7 - 6 3  

7 - 1 8 - 6 3  

8 - 7 - 6 3  

8 - 3 0 - 6 3  

1 0 - 1 0 - 6 3  

1 0 - 1 6 - 6 3  

1 0 - 2 9 - 6 3  

1 0 - 3 1 - 6 3  

1 2 - 1 1 - 6 3  

1 2 - 1 6 - 6 3  

Pasco 2 - 2 0 - 6 3  

4 - 3 - 6 3  

5 - 8 - 6 3  

5 - 1 6 - 6 3  

6 - 1 3 - 6 3  

6 - 1 8 - 6 3  

7 - 1 1 - 6 3  

1 0 - 1 0 - 6 3  

1 2 - 9 - 6 3  

1 2 - 1 3 - 6 3  

Time 

1330 

0  80 0  

1400 

1200 

1130 

1100 

1100 

1330 

1300 

1800 

1100 

1630 

1 3  30 

1330 

1400 

0  9  30 

Approximate 
R ive r  F l o w ,  c f s  

Recorder  
Temp, O C  

Mean River  
Temp, O C  

AT (Recorder  
- mean) 



TABLE D . 1 - 3 .  R i v e r  T e m p e r a t u r e  T r a v e r s e s  - P r i e s t  R a p i d s  G a g e  
( R i v e r  M i l e :  395.4)  

Date : 1-.3-63 
Time: 1120 

Date:  4-3-63  
Time: 1000 

Date: 5-21-63 
Time: 1200 

Date:  7-26-63 
Time: 1040 

% s t a n c e  Dis tance  n i s  t a n c e  U i s t ance  
_ ' P l a n t  Depth, Temp, from P l a n t  Depth,  Temp, from P l a n t  Depth, Temp, from P l a n t  Depth, Temp, 

f t  Shb- - yd  "C Shore,  yd f  t "C S h o r e , y d  f t  "C Shore ,  yd f  t O C -- -- -- 

Tm = 7.46 "C Tm = 4.99 "C Tm = 11.65 "C Tm = 16.98 "C 

Gage = 7.3  "C Gage = 5.0 "C Gage = 11.65 "C Gage = 17.0 "C 

NOTE: On Tab le s  D.1-3 through D.1-10 t h e  fo l lowing  nomencla ture  is  used:  

A t  
= c r o s s  s e c t i o n  a r e a ,  f t 2  

Tm = mean s t r eam t empera tu re ,  "C 

TpR = r i v e r  tempera ture  a t  P r i e s t  Rapids ,  "C 
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TABLE D . 1 - 4 .  R i v e r  T e m p e r a t u r e  T r a v e r s e s  - R e a c t o r  A r e a s  

Locat ion:  Below 1904-K Locat ion:  Below 181-D Locat ion:  Below 181-D 
River  Mi le :  381.5 River  Mi le :  376.3 River  Mile : 376.3 
Date : 8-22-63 Date: 8-22-63 Date : 8-22-63  
Time 0830 Time : 0940 Time : 1000 

Dis tance  Dis tance  Dis tance  
from P l a n t  Depth, Temp, from P l a n t  Depth, Temp, from P l a n t  Depth, Temp, 
Shore,  yd  f  t O C  S h o r e , y d  f t  O C -- f t  -- O C  Shore ,  yd 
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TABLE D.  1-4. ( c o n t d )  R i v e r  T e m p e r a t u r e  T r a v e r s e s  - 
R e a c t o r  A r e a s  

L o c a t i o n :  Above 181-F L o c a t i o n :  Above 181-F L o c a t i o n :  Above 181-F 
R i v e r  M i l e :  369.3 River  M i l e :  369.3 R i v e r  M i l e  : 369.3 
Date : 8-22-63  Date : 8-22-63  Date  : 10-22-63  
Time : 1120 Time : 1130 Time : 0915 

D i s t a n c e  D i s t a n c e  D i s t a n c e  
from P l a n t  Depth,  Temp, from P l a n t  Depth,  Temp, from P l a n t  Depth,  Temp, 
S h o r e ,  yd f t  O C  S h o r e ,  yd f t  " C  S h o r e , y d  f t  O C -- -- -- 
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TABLE D. 1-4. ( c o n t d )  R i v e r  T e m p e r a t u r e  T r a v e r s e s  - 
R e a c t o r  A r e a s  

Locat  i o n  : 
R i v e r  M i l e :  
Date: 
Time : 

D i s t a n c e  
from P l a n t  
S h o r e ,  yd 

5  

Above 181-F L o c a t i o n :  
369.3 River  M i l e :  
10-22-63  Date : 
0950 Time : 

D i s t a n c e  
Depth,  Temp, from P l a n t  

f t  O C  Shore ,  yd -- 

Above 181-F L o c a t i o n :  Above 181-F 
369.3 R i v e r  Mi le  : 369.3 
1 0 - 2 2 - 6 3  Date : 10-29-63  
1005 Time : 1045 

D i s t a n c e  
Depth ,  Temp, from P l a n t  Depth,  Temp, 

f t  O C  S h o r e ,  yd f t  C -- -- 
5  17.55 5  5  15 .5  

At = 24,900 f t '  

Tm = 17 .31  O C  

DA/avg/TpR = 15.6 O C  
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TABLE D. 1-4. ( c o n t d )  R i v e r  T e m p e r a t u r e  Traverses - 
R e a c t o r  A r e a s  

Locat  i o n :  
River  M i l e :  
Date: 
Time: 

D i s t a n c e  
from P l a n t  
S h o r e ,  yd 

5  

2 5  

5  0  

7  5  

125 

17 5  

2 0  0  

225 

2 5  0 

275 

300 

32 5  

350 

375 

40 0  

42 5  

450 

475 

Above 181-F 
369.3 
10-29-63 
1100 

Depth,  Temp, 
f t  O C -- 

L o c a t i o n :  Above 181-F 
R i v e r  M i l e :  369.3 
Date : 11-5-63  
Time : 1045 

D i s t a n c e  
from P l a n t  Depth,  Temp, 
S h o r e ,  yd f t  O C -- 

L o c a t i o n :  Above 181-F 
R i v e r  M i l e :  369.3 
Date  : 11-5-63  
Time : 1150 

D i s t a n c e  
from P l a n t  Depth,  Temp, 
S h o r e ,  yd f t  O C -- 
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L o c a t  i o n  
R i v e r  M i  
D a t e  : 
Time : 

TABLE D.1-4. ( c o n t d )  R i v e r  T e m p e r a t u r e  T r a v e r s e s  - 
R e  actor A r e a s  

l e :  

D i s t a n c e  
f r o m  P l a n t  
S h o r e ,  yd  

5  

5  0  

8  5  

110  

135  

160  

1 8 5  

2  1 0  

2  35 

260 

285  

3  10  

335  

360 

385  

410 

4  3  5  

49 5  

Below 181-N 
379 .6  
1 1 - 1 9 - 6 3  
0  8  2  0  

D e p t h ,  Temp, 
f t  O  C -- 

L o c a t i o n :  
R i v e r  M i l e  : 
D a t e  : 
Time : 

D i s t a n c e  
f r o m  P l a n t  
S h o r e ,  yd  

2  0 

4  0  

6  5  

11 5  

140  

1 6 5  

190  

2  1 5  

2  40 

2  6  5  

290 

3  1 5  

340 

365 

390 

4  1 5  

4  40 

46 5  

49 0  

515  

5  40 

Above 
378 .0  
1 1 - 1 9 -  
0935  

D e p t h ,  
f t  

4  

6  

7 

9  

12  

1 3  

12  

1 3  

9  

8  

9  

11 

11 

11 

9 

9  

1 0  

1 4  

1 5  

9 

4  

L o c a t i o n :  
R i v e r  M i l e  : 
D a t e  : 
Time : 

D i s t a n c e  
f r o m  P l a n t  
S h o r e ,  y d  

10 

5  0  

7  5  

10  0  

1 2 5  

150  

175  

2  0  0  

225  

250 

2  75 

300 

32 5  

3  5  0  

375 

40 0  

425 

450 

Above 1 8 1 - F  
3 6 9 . 3  
1 1 - 1 9 - 6 3  
1350  

D e p t h ,  Temp, 
f t  C -- 

At = 2 3 , 6 0 0  f t '  

Tm = 1 3 . 5 0  " C  

TpR = 1 1 . 8  O C  
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TABLE D.1-5 .  River Temperature Traverses  - Hanford Fer ry  
(River  M i l e :  361.6)  

Date: 1-3-63  
Time: 1325 

Date:  2-26-63 
Time: 0900 

Date:  4-17-63 
Time: 1400 

Distance Distance Distance 
from P lan t  Depth, Temp, from P lan t  Depth, Temp, from P l a n t  Depth, Temp, 
Shore,  yd  f t  O C  Shore,  yd f t  O C  Shore ,  yd f t  O C -- -- -- 

At = 25,100 f t '  

Tm = 9.17 O C  

T p R  = 7.3 O C  

At = 19,600 f t '  

Tm = 5 . 5 3  "C 

TpR = 3.8 "C 
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TABLE D . 1 - 5 .  ( c o n t d )  R i v e r  T e m p e r a t u r e  T r a v e r s e s  - 
H a n f o r d  F e r r y  ( R i v e r  M i l e :  3 6 1 . 6 )  

Date: 6-20-63 
Time: 1130 

Date: 8-7-63 
Time: 1200 

Date:  8-22-63 
Time: 1235 

Dis tance  Distance Dis tance  
from P l a n t  Depth, Tfmp, from P l a n t  Depth, Temp, from P l a n t  Depth, Temp, 
Shore,  yd f t  C Shore,  yd f t  O C  Shore,  yd f t  O C -- -- -- 
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TABLE D. 1-5. (contd)  River Temperature Traverses  - 
Hanford Ferry (River  M i l e  : 

Date: 8-22-63 
Time: 1410 

Date: 8-22-63 
Time: 1445 

Date:  8-22-63 
Time: 1555 

Distance Distance Distance 
from P l a n t  Depth, Temp, from P l a n t  Depth, Temp, from P l a n t  Depth, Temp, 
Shore,  yd f  t O C  Shore,  yd f t  O C  Shore,  yd f t  O C -- -- -- 
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TABLE D. 1-5. (contd) R i v e r  T e m p e r a t u r e  T r a v e r s e s  - 
Hanford ( ~ i v e r  Mile : 3 6 1 . 0 )  

Date: 9-25-63 
Time: 0930 

Date : 
Time : 

Date : 
Time : 

Distance Distance 
from P l a n t  
Shore,  yd 

Dis tance  
from P l a n t  
Shore ,  yd 

from P l a n t  Depth, Temp, 
Shore,  yd f t  O C -- 

Depth, Temp, 
f t  O C -- 

Depth, Temp, 
f t  O C -- 
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TABLE D. 1-5. (contd) R i v e r  T e m p e r a t u r e  T r a v e r s e s  - 
H a n f o r d  ( R i v e r  M i l e  : 3 6 1 . 0 )  

Date : 
Time : 

Dis tance  
from P l a n t  
Shore,  yd  

Depth, Temp, 
f t  O C -- 

Date : 
Time : 

Distance 
from P l a n t  
Shore,  yd 

Depth, Temp, 
f t  O C -- 

Date : 
Time : 

Dis tance  
from P l a n t  
Shore,  yd 

Depth, Temp, 
f t  O C 
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TABLE D.1-5. (contd) R i v e r  T e m p e r a t u r e  T r a v e r s e s  - 
H a n f o r d  ( R i v e r  M i l e :  3 6 1 . 0 )  

Date:  10-16-63 
Time: 1245 

Date: 10-22-63 
Time: 1110 

Date:  10-22-63 
Time: 1230 

Dis tance  Distance Dis tance  
from P l a n t  Depth, Temp, from P l a n t  Depth, Temp, from P l a n t  Depth, Temp, 
Shore,  yd f t  O C  S h o r e , y d  f  t "C Shore ,  yd f t  O C -- -- -- 
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TABLE D . 1 - 5 .  (contd)  River Temperature Traverses  - 
Hanford (River  Mile: 361 .0 )  

Date: 10-29-63 
Time: 1130 

Date:  10-31-63 
Time: 1115 

Date: 11-5-63 
Time: 1300 

Dis tance  Distance Dis tance  
from P l a n t  Depth, Temp, from P l a n t  Depth, Temp, from P l a n t  Depth, Temp, 
Shore,  yd f t  O C  Shore ,  yd  f t  O C  Shore,  yd f t  O  C -- -- 
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TABLE D. 1-5. ( c o n t d )  R i v e r  T e m p e r a t u r e  T r a v e r s e s  - 
H a n f o r d  ( R i v e r  M i l e  : 3 6 1 . 0 )  

Date : 
Time : 

Dis tance  
from P l a n t  
Shore,  yd 

2 5  

5 0 

7 5  

110 

1 2  5  

150 

175 

200 

225 

255 

275 

300 

32 5 

350 

375 

400 

42 5 

450 

475 

Depth, Temp, 
f t  O C -- 

Date : 
Time : 

Distance 
from P l a n t  
Shore,  yd 

Depth, Temp, 
f t  O C 

Date : 
Time : 

Dis tance  
from P l a n t  
Shore,  yd 

5 

Depth, Temp, 
f t  O C 
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TABLE D. 1-6. River Temperature Traverses  - Ringold 
(River Mile:  354 .4 )  

Date : 
Time : 

Distance 
from P l a n t  
Shore,  yd  

Date: 6-24-63 
Time: 1320 

Date: 8-30-63 
Time: 1030 

Distance Distance 
Depth, Temp, from P l a n t  Depth, Temp, from P l a n t  Depth, Temp, 

f t  O C  Shore ,  yd f t  O C  Shore ,  yd  f t  O C -- -- -- 
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TABLE D.1-6. (contd)  River Temperature Traverses  - 
Ringold (River  Mile : 354.4) 

Date: 
Time : 

Date : 
Time : 

Date : 
Time : 

Distance 
from P l a n t  
Shore,  yd 

Dis tance  
from P l a n t  
Shore,  yd 

Distance 
from P l a n t  
Shore ,  yd 

Depth, Temp, 
f t  O C -- 

Depth, Temp, 
f t  O C -- 

Depth, Temp, 
f t O C -- 
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TABLE D. 1 - 6 .  ( c o n t d )  R i v e r  T e m p e r a t u r e  T r a v e r s e s  - 
R i n g o l d  ( R i v e r  M i l e :  3 5 4 . 4 )  

D a t e :  1 0 - 3 1 - 6 3  
Time:  1200 

D i s t a n c e  
f rom P l a n t  
S h o r e ,  y d  

Depth  , 
f t  
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TABLE D. 1-7. R i v e r  T e m p e r a t u r e  T r a v e r s e s  - 
P o w e r  L i n e  C r o s s i n g  
( R i v e r  Mile: 350.5)  

Date: 2-26-63 
Time: 1215 

Date: 8-30-63 
Time: 1200 

Date:  8-30-63 
Time: 1245 

Dis tance  Distance Dis tance  
from P l a n t  Depth, Temp, from P l a n t  Depth, Temp, from P l a n t  Depth, Temp, 
Shore,  yd f t  " C  Shore,  yd f t  " C  S h o r e , y d  f t  " C -- p- 
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TABLE D.1-7. (contd)  River Temperature Traverses  - 
Power Line Cross ins  
(River  Mile:  350.5)  

D a t e :  8 -30-63  
Time: 1355 

D a t e :  8 -30-63  
Time: 1230 

D a t e :  8 - 3 0 - 6 3  
Time: 1400 

D i s t a n c e  D i s t a n c e  D i s t a n c e  
from P l a n t  Dep th ,  Temp, from P l a n t  Dep th ,  Temp, from P l a n t  Dep th ,  Temp, 
S h o r e ,  yd  f t  O C  S h o r e ,  yd f t  O C  S h o r e ,  yd f t  O C -- -- -- 
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TABLE D. 1-7. (contd)  River Temperature Traverses  - 
Power Line Cross ing 
(River M i l e :  350.5) 

Date: 10-16-63 
Time: 1340 

Date: 10-16-63 
Time: 1410 

Date :  10-16-63 
Time: 1415 

Dis tance  Distance Distance 
from P l a n t  Depth, Temp, from P l a n t  Depth, Temp, from P l a n t  Depth, Temp, 
Shore,  yd f  t O C  S h o r e , y d  f t  O C  S h o r e , y d  f t  C -- -- -- 
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TABLE D.1-7 .  ( con td)  River Temperature Traverses  - 
Power Line Cross ing 
(River  Mile: 350.5)  

Date: 10-16-63 
Time: 1445 

Dis tance  
from P l a n t  Depth, Temp, 
Shore,  yd f t  O C -- 

Date: 10-16-63 
Time: 1510 

Dis tance  
from P l a n t  Depth, Temp, 
Shore ,  yd f t  O C -- 

Date: 10-16-63 
Time: 1530 

Distance 
from P l a n t  Depth, Temp, 
Shore ,  yd f t  O C -- 
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TABLE D.1-7. (contd)  River Temperature Traverses  - 
Power Line Cross ing 
(River  M i l e :  350.5) 

Date: 10-29-63 
Time: 1250 

Date: 10-29-63 
Time: 1255 

Date:  10-31-63 
Time: 1235 

Dis tance  Distance Dis tance  
from P l a n t  Depth, Temp, from P l a n t  Depth, Temp, from P l a n t  Depth, Temp, 
Shore ,  yd f t  O C  S h o r e , y d  f t  O C  S h o r e , y d  f t O C -- -- 
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TABLE D.1-8. R i v e r  T e m p e r a t u r e  T r a v e r s e s  - A b o v e  300 A r e a  
( R i v e r  M i l e :  3 4 4 . 9 )  

Date: 2-12-63 
Time: 0730 

Distance 
from P l a n t  Depth, Temp, 
Shore,  yd f t  O C -- 

At = 38,000 f t  2 

Tm = 4.84 O C  

PRTR Recorder = 5.4 "C 

Date: 4-2-63  
Time: 1300 

Distance 
from P l a n t  Depth, Temp, 
Shore ,  yd f  t O C -- 

A+ = 31,100 f t '  
L 

Tm = 6.52 O C  

PRTR Recorder = 7.2 O C  

Date : 
Time : 

Dis tance  
from P l a n t  
Shore ,  yd 

Depth, Temp, 
f t  O C -- 

A = 36,70Q f t  2 
t 

Am = 7 . 7 2  O C  

PRTR Recorder = 8.0 O C  
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TABLE D. 1-8. ( c o n t d )  R i v e r  T e m p e r a t u r e  T r a v e r s e s  - 
Above  3 0 0  A r e a  
(River  M i l e :  3 4 4 . 9 )  

D a t e  : 
Time : 

D i s t a n c e  
f r o m  P l a n t  
S h o r e ,  y d  

2  

5 0  

1 0 0  

1 5  0  

2 0 0  

250  

30 0  

3 5 0  

40 0  

4 5 0  

5 0 0  

5  5  0  

6 0 0  

6  50 

700  

7  5  0  

800 

8  40 

D e p t h ,  Temp,  
f t  O C  -- 

At = 3 3 , 9 0 0  f t  2  

Tm = 1 3 . 9 1  OC 

PRTR R e c o r d e r  = 1 4 . 5  OC 

TpR = 1 2 . 3  OC 

D a t e :  6 - 2 4 - 6 3  
T i m e :  1 0 4 0  

D i s t a n c e  
f r o m  P l a n t  D e p t h ,  Temp, 
S h o r e ,  y d  f t  O C  -- 

1 0 2 7  2  1 6 . 4  

At = 6 6 , 9 0 0  f t  2  

Tm = 1 5 . 1 6  "C 

PRTR R e c o r d e r  = 1 6 . 2  OC 

TpR = 1 4 . 6  "C 

D a t e  : 
Time : 

D i s t a n c e  
f r o m  P l a n t  
S h o r e ,  y d  

5  

8  5  

1 8 5  

2  85  

3 8 5  

4 8 5  

5  8 5  

6  85 

785  

8 8 5  

9 3 5  

9 5 5  

D e p t h ,  Temp,  
f t  O C -- 

At = 6 4 , 9 0 0  f t L  

Tm = 1 5 . 7 7  "C 

PRTR R e c o r d e r  = 1 6 . 8  OC 

TpR = 1 4 . 9  OC 
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TABLE D. 1-8. ( c o n t d )  R i v e r  T e m p e r a t u r e  T r a v e r s e s  - 
Above 300 A r e a  
( R i v e r  M i l e :  3 4 4 . 9 )  

Date :  7 -18 -63  
Time: 1330 

Da te :  8 -30 -63  
Time: 1500 

Da te :  10-10-63  
Time: 1100 

D i s t a n c e  D i s t a n c e  D i s t a n c e  
from P l a n t  Depth ,  Temp, from P l a n t  Depth ,  Temp, from P l a n t  Depth ,  Temp, 
S h o r e ,  yd  f t  O C  S h o r e ,  yd f  t O C  S h o r e ,  y d  f t  O C -- -- 

900 4 21.5 

At = 55,400 f t  2  At = 40,000 f t  2  At = 37,900 f t  
2  

Tm = 17.32 O C  Tm = 20.94 O C  Tm = 17.66  "C 

PRTR Reco rde r  = 18.0  O C  PRTR Recorder  = 20.9 O C  PRTR Reco rde r  = 1 8 . 1  O C  



BNWL- 1345 

TABLE D.1-8. ( c o n t d )  R i v e r  T e m p e r a t u r e  T r a v e r s e s  - 
A b o v e  3 0 0  A r e a  
( R i v e r  M i l e :  3 4 4 . 9 )  

D a t e  : 
Time : 

D i s t a n c e  
f r o m  P l a n t  
S h o r e ,  y d  

10  

2  5  

5  0  

7  0  

9  5  

1 7  0  

1 9 5  

2  20 

2  45 

2  70 

2  9  5  

320 

35 5  

370 

395 

420 

445 

4  7  0 

49 5  

5 2 0  

5  45 

5  70 

595  

6  2  0  

6  70 

720 

770 

820 

870 

900  

D e p t h ,  Temp, 
f t  C -- 

8 1 9 . 3  

8  1 9 . 3  

1 3  1 9 . 2 5  

1 6  1 9 . 2  

30 1 9 . 0 5  

D a t e  : 
Time : 

D i s t a n c e  
f r o m  P l a n t  
S h o r e ,  y d  

2  0  

5  0  

1 0 0  

150  

2  0  0  

250 

300 

3  5 0  

400 

450 

500 

550  

600 

6  5  0  

700 

7  5  0  

800 

850  

D e p t h ,  Temp, 
f t  O C -- 

D a t e  : 
- .  
1 -  2 :  

D i s t a n c e  
f r o m  P l a n t  
S h o r e ,  y d  

5  

2  5  

70 

12 0  

1 7 0  

2  2  0  

270 

320 

370 

420 

470 

5  2  0  

5  70 

6  20 

670  

7  2  0  

7  70 

82 0  

870 

D e p t h ,  Temp, 
f t  C -- 

At = 3 3 , 6 0 0  f t  2  
At = 3 4 , 8 0 0  f t  2  At = 3 3 , 4 0 0  f t  2  

Tm = 1 8 . 7 7  "C Tm = 1 4 . 9 2  "C Tm = 1 4 . 4  O C  

PRTR R e c o r d e r  = 1 8 . 8  "C PRTR R e c o r d e r  = 1 5 . 0  O C  PRTR R e c o r d e r  = 1 4 . 5  OC 

TpR = 1 6 . 6  "C TpR = 1 4 . 1  O C  TpR = 1 3 . 7  O C  
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TABLE D .  1-8. (con td)  R i v e r  T e m p e r a t u r e  T r a v e r s e s  - 
Above 300 A r e a  
( R i v e r  M i l e :  3 4 4 . 9 )  

D a t e :  1 2 - 1 1 - 6 3  
Time:  1400 

D a t e :  1 2 - 1 6 - 6 3  
Time:  0930 

D i s t a n c e  D i s t a n c e  
f rom P l a n t  Dep th ,  Temp, f rom P l a n t  D e p t h ,  Temp, 
S h o r e ,  y d  f t  " C S h o r e ,  yd f t  O  C 

Tm = 8 . 1 8  OC = 9.49 O C  

PRTR R e c o r d e r  = 8 .2  O C  PRTR R e c o r d e r  = 9 . 5  O C  

TpR = 7.6 O C  TpR = 7 . 1  O C  
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TABLE D.1-9. River  Temperature T rave r se s  - Richland F e r r y  
(River M i l e :  3 4 0 . 9 )  

Date:  2-12-63 
Time: 0935 

Date 4-18-63 
Time: 0915 

Date: 5-9-63  
Time: 1345 

Distance Distance Dis tance  
from P l a n t  Depth, Temp, from P l a n t  Depth, Temp, from P l a n t  Depth, Temp, 
Shore,  yd  f t  O C  Shore ,  yd f t  O C  Shore,  y d  f t  C -- -- -- - 

At = 41,400 f t '  

Tm = 4 . 8 7  O C  

T p R  = 4.15 O C  
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TABLE D. 1-9. (contd)  River Temperature Traverses  - 
Richland Fe r ry  
(River  Mile: 3 4 0 . 9 )  

Date : 
Time : 

Distance 
from P l a n t  
Shore ,  y d  

Depth, Temp, 
f t  O C -- 

Date: 6 - 1 8 - 6 3  
Time: 1 3 4 0  

Distance 
from P l a n t  Depth, Temp, 

f t  O C Shore ,  y d  

2  5  1 6 . 5  

5  0  2 1  1 6 . 2  

1 0 0  2  2  1 6 . 1  

1 5  0  2  0  1 6 . 1  

2  1 0  1 7  1 6 . 0  

2  4 5  1 5  1 6 . 0  

30 5  3  2  1 6 . 0  

350  3 3  1 6 . 1  

400 2 7  1 5 . 9  

4 5  0  1 9  1 5 . 9  

5 0 0  1 6  1 5 . 9  

5 5 0  1 4  1 5 . 9  

6  1 0  1 5  1 5 . 9  

6 5 0  1 6  1 6 . 0  

70 0  1 7  1 5 . 9  

750  1 9  1 5 . 9  

80 0  2  5  1 5 . 9  

850 2  9  1 5 . 9  

9 0 0  3  2  1 5 . 9  

9 5  0  3 3  1 6 . 0  

1 0 0 0  3 1  1 6 . 0  

1 0  5  0  1 5  1 6 . 1  

1 1 0 0  1 . 5  1 6 . 8  

At = 7 0 , 3 0 0  f t  2  

Tm = 1 5 . 9 9  "C 

TpR = 1 4 . 8  O C  

Date: 6 - 2 6 - 6 3  
Time: 1 3 4 0  

Distance 
from P l a n t  Depth, Temp, 
Shore ,  yd  f t  O C -- 

2  3  1 6 . 2  

5  0  1 8  1 6 . 0  

1 0  0  2  0  1 5 . 9  

1 5  0  1 9  1 5 . 9  

200  1 7  1 5 . 9  

250  1 3  1 5 . 8  

300 2 8  1 5 . 9  

350  3 1  1 5 . 8  

40 0  2 9  1 5 . 8  

450 2 1  1 5 . 7  

5 0 0  1 6  1 5 . 7  

5  5  0  1 4  1 5 . 7  

6 0 0  1 4  1 5 . 7  

6 5 0  1 5  1 5 . 7  

700 1 7  1 5 . 8  

750 1 7  1 5 . 7  

80 0  2 1  1 5 . 7  

850  27 1 5 . 6  

9 0 0  30 1 5 . 7  

9 5 0  30 1 5 . 7  

1 0  0  0  2 7  1 5 . 8  

1 0 5 0  1 0  1 5 . 9  

1 1 0 0  2 1 6 . 2  

At = 6 6 , 4 0 0  f t  2  

Tm = 1 5 . 7 7  O C  

TpR = 1 4 . 9  O C  
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TABLE D.1-9. (contd)  River Temperature Traverses  - 
Richland Fer ry  
(River Mile: 340 .9 )  

Date: 8-30-63 
Time: 1700 

Date: 8-30-63  
Time: 1800 

Date: 10-10-63 
Time : 

Distance Dis tance  Dis tance  
from P l a n t  Depth, Temp, from P l a n t  Depth, Temp, from P l a n t  Depth, Temp, 
Shore,  yd f t  O C  S h o r e , y d  f t  O C  Shore,  yd f t  " C -- -- -- 
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TABLE D.1-9. ( c o n t d )  R i v e r  T e m p e r a t u r e  T r a v e r s e s  - 
R i c h l a n d  F e r r y  
( R i v e r  M i l e  340 .9)  

D a t e :  10-16-63  
Time: 1715 

Date :  1 0 - 1 6 - 6 3  
Time: 1830 

Date :  10-29-63  
Time: 1445 

D i s t a n c e  D i s t a n c e  D i s t a n c e  
from P l a n t  Depth,  Temp, from P l a n t  Dep th ,  Temp, from P l a n t  Depth,  Temp, 
S h o r e ,  yd  f t  O C  S h o r e ,  yd  f t  O C  S h o r e , y d  f t  O  C -- -- -- 
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TABLE D.1-10. R i v e r  T e m p e r a t u r e  T r a v e r s e s  - 
Pasco W a t e r  P l a n t  
( R i v e r  M i l e :  3 2 8 . 7 )  

D a t e :  2 - 2 0 - 6 3  
Time: 1620 

D i s t a n c e  
f r o m  P l a n t  D e p t h ,  Temp, 
S h o r e ,  y d  f  t O C -- 

At = 5 0 , 8 0 0  f t  2  

Tm = 5 . 3 0  OC 

R e c o r d e r  
T e m p e r a t u r e  = 5 . 6  OC 

TPR = 4 . 1  OC 

D a t e  : 
Time : 

D i s t a n c e  
f r o m  P l a n t  
S h o r e ,  y d  

5  

5  0  

9  5  

1 4 5  

1 9 5  

2  45 

295 

345 

395 

445 

495 

515 

D e p t h ,  Temp, 
f t O C -- 

At = 58 ,300  f t '  

Tm = 1 2 . 2 8  OC 

R e c o r d e r  
T e m p e r a t u r e  = 1 2 . 3  OC 

TpR = 1 0 . 6  OC 

D a t e :  4 - 3 - 6 3  
Time:  1350 

D i s t a n c e  
f r o m  P l a n t  D e p t h ,  Temp, 

f t  " C S h o r e ,  y d  

3  2  7 .4  

5  0  22 7 . 4  

9  5  38 7.0 

145  40 6 . 6  

1 9 5  48 6 . 5  

245 56 6 . 4  

295 55  6 .4  

345 55  6 . 4  

395 4 1  6 . 7  

445 32 6 . 5  

485 8  7 .0  

At = 5 7 , 5 0 0  f t  
2  

Tm = 6 . 7 1  OC 

R e c o r d e r  
T e m p e r a t u r e  = 6 . 6  OC 

TPR = 5.0  OC 

D a t e :  6 - 1 3 - 6 3  
Time: 0950 

D i s t a n c e  
f r o m  P l a n t  D e p t h ,  Temp, 

f t  C S h o r e ,  y d  

At = 5 8 , 5 0 0  f t  2  

Tm = 1 4 . 9 7  OC 

R e c o r d e r  
T e m p e r a t u r e  = 1 4 . 7  OC 

TpR = 14 .2  'C 

D a t e :  5 - 8 - 6 3  
Time:  1350  

D i s t a n c e  
f r o m  P l a n t  
S h o r e ,  y d  

3  

5  0  

9  5  

145  

195  

2  45 

300 

350 

395 

445 

46 5  

D e p t h ,  
f t  

3  

2  3  

3  8  

43 

4  8  

5  3  

5  4  

4  4  

3  8  

3  5  

8  

At = 6 1 , 8 0 0  f t '  

Tm = 9 .74  OC 

R e c o r d e r  
T e m p e r a t u r e  = 1 0 . 0  OC 

TpR = 8 . 5  OC 

D a t e  : 
Time : 

D i s t a n c e  
f r o m  P l a n t  
S h o r e ,  y d  

2  

5  0  

100 

150 

200 

250 

300 

350 

408 

450 

500 

D e p t h ,  Temp, 
f  t " C -- 

At = 6 4 , 3 0 0  f t '  

Tm = 1 5 . 9 0  OC 

R e c o r d e r  
T e m p e r a t u r e  = 15 .6  OC 

TpR = 1 4 . 8  OC 
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TABLE D. 1-10.  (contd) River Temperature Traverses  - 
Pasco Water P l a n t  
(River Mile: 328.7) 

D a t e  : 
Time : 

D i s t a n c e  
f r o m  P l a n t  
S h o r e ,  y d  

5  

100  

2  00 

300 

400 

500  

5  35 

D e p t h ,  Temp, 
f t  C -- 

At = 6 2 , 8 0 0  f t  2  

Tm = 1 6 . 0 8  "C 

R e c o r d e r  
T e m p e r a t u r e  = 1 6 . 4  OC 

TpR = 1 5 . 8  OC 

D a t e  : 
Time : 

D i s t a n c e  
f r o m  P l a n t  
S h o r e ,  y d  

5  

5  0  

10 5  

1 5 5  

205  

265  

30 5  

355  

40 5  

455 

50 5  

D e p t h ,  Temp, 
f t  O C  -- 

At = 5 7 , 4 0 0  f t  2  

Tm = 1 8 . 4 3  OC 

R e c o r d e r  
T e m p e r a t u r e  = 1 8 . 0  O C  

TpR = 1 7 . 3  OC 

D a t e :  1 2 - 9 - 6 3  
T i m e :  1400 

D i s t a n c e  
f r o m  P l a n t  D e p t h ,  Temp, 
S h o r e ,  y d  f t  O C -- 

10 10 8 . 3 5  

2  5  2  3  8 . 4 5  

5  0  24  8 . 4  

7  5  2  5  8 . 4  

9  5  3 8  8 . 9  

120  4  8  8 . 9  

1 4 5  5  2  8 . 9  

1 7 0  5 4  8 . 9 5  

19 5  5  2  9 . 0  

2  2  0  6  2  9 . 0  

245 6 6  9 . 0  

2  70 6 8  9 . 0  

295 5 8  9 . 0  

320 5  4  8 .9  

345  4  7  8 .9  

370 4 3  8 . 8 5  

39 5  4  0  8 . 8  

4  2  0  3  0  8 . 7  

4  4  5  2  2  8 . 5  

At = 5 9 , 7 0 0  f t  2  

Tm = 8 . 8 8  "C 

R e c o r d e r  
T e m p e r a t u r e  = 8 . 6  OC 

TpR = 8 . 4  'C 



TABLE D.1-10. ( c o n t d )  River Temcsrature Traverses - 
Pasco Water Plant  
(River Mile: 3 2 8 . 7 )  

D a t e :  12 -13-63  
Time: 1330 

D i s t a n c e  
from P l a n t  
S h o r e ,  yd 

Depth,  
f t  

Temp, 
O C 

Recorder  
Temperature = 8 . 0  OC 
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TABLE D. 1-11. F - A r e a  F e w e r  T e m p e r a t u r e s  

Date 
Average Raw 

Water Temp, O C  

Weighted Average 
Sewer Temp, O C  
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TABLE D.1-12. Temperatures i n  E f f l u e n t  
Bubbles and Plumes 

Maximum Temp 
O u t f a l l  Depth ,  Maximum Upstream a t  100 yd 
Loca t ion  f t  Date Time Temp, O C  Temp, O C  Downstream 

K ( s h o r e )  3  11-26-63 1400 17.9 1 1 . 3  12 .9  

(main 3  21.7 12 .8  

bubb le )  15 23.7 
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TABLE D . 1 - 1 3 .  Equilibrium Dye Concentrations 

L o c a t i o n  R i v e r  M i l e  L ,  m i .  

1 0 - 2 9 - 6 3  1904-H R i v e r  M i l e  3 7 2 . 6  

R e a c t o r  F l o w  R a t e  - 8 4 , 7 0 0  gpm 

Co = 29 p p b  

Above 1 8 1 - F  3 6 9 . 3  3 . 3  

Han f  o r d  3 6 1 . 0  1 1 . 6  

R i n g o l d  3 5 4 . 4  1 8 . 2  

Power  L i n e  C r o s s i n g  3 5 0 . 5  2 2 . 1  

Above 300  A r e a  3 4 5 . 0  2 7 . 6  

R i c h l a n d  F e r r y  3 4 0 . 9  3 1 . 7  

1 0 - 3 1 - 6 3  1 9 0 4 - F  R i v e r  M i l e  369 .0  

R e a c t o r  F low  R a t e  - 8 9 , 7 0 0  gpm 

Co - 2 1  p p b  

50 y d  b e l o w  3 6 9 . 0  < O .  1 

Hanf  o r d  3 6 1 . 0  8 . 0  

R i n g o l d  3 5 4 . 4  1 4 . 6  

Power  L i n e  C r o s s i n g  3 5 0 . 5  1 8 . 5  

Above 300 A r e a  3 4 5 . 0  2 4 . 0  

R i c h l a n d  F e r r y  3 4 0 . 9  2 8 . 1  

L L max max - - 
Rmax u n i t s  ppb  Cm . Co 

-- 

A v e r a g e  R i v e r  F low  R a t e  - 7 5 , 0 0 0  c f s  

Cm = 0 . 0 8 1  p p b  

3  0 . 0 4 8  0 . 5 6  0 . 0 0 1 7  

2 - 1 / 2  0 . 0 4 0  0 . 4 9  0 .0014  

1- 1 / 2  0 . 0 2 4  0 . 3 0  0 . 0 0 0 8  

1 0 . 0 1 6  0 . 2 0  0 . 0 0 0 6  

1 -  1 / 2  0 . 0 2 4  0 . 3 0  0 . 0 0 0 8  

1 0 . 0 1 6  0 . 2 0  0 . 0 0 0 6  

A v e r a g e  R i v e r  F low  R a t e  - 6 5 , 0 0 0  c f s  

Cm = 0 . 0 6 5  p p b  

2 5 - 1 / 2  0 . 4 1  6 . 3  0 .020  

6 - 1 / 2  0 . 1 0 5  1 . 6  0 .0050  

3  0 . 0 4 8  0 . 7 5  0 . 0 0 2 3  

2-  1 / 2  0 . 0 4 0  0 . 6  0 . 0 0 1 9  

1- 1 / 2  0 . 0 2 4  0 . 4  Q .0012  

1 0 .016  0 .25  0 . 0 0 0 8  
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I N T E R - R E A C T O R  R I V E R  T E M P E R A T U R E  D A T A  

J .  P .  Cor ley  

Table  D.11-1 

T h i s  t a b l e  shows d i r e c t  t e m p e r a t u r e  measurements made j u s t  

downstream from t h e  ends of t h e  r e a c t o r  o u t f a l l  l i n e s .  The 

p r o c e d u r e  g e n e r a l l y  was t o  p robe  t h e  r i v e r  a t  t h e  s e l e c t e d  d i s -  

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

Tempera tures  were measured w i t h  a  r e s i s t a n c e  thermometer .  

I n  most c a s e s ,  r e a d i n g s  were t a k e n  a t  s e v e r a l  d e p t h s  a t  

t h e  i n d i c a t e d  p o i n t  t o  d e t e r m i n e  t h e  d e g r e e  of mix ing ,  and t h e  

d e p t h  of t h e  maximum r e a d i n g .  Although n o t  shown, t h e  d e p t h  

r e a d i n g s  show l i t t l e  d i f f e r e n c e  v e r t i c a l l y  a t  400-yard  d i s -  

t a n c e s ,  even a t  t h e  lower r i v e r  f low r a t e s .  A t  100-ya rd  d i s -  

t a n c e s  and low r i v e r  f l o w  r a t e s ,  v e r t i c a l  mixing i s  n o t  com- 

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

b e n e a t h  t h e  w a t e r  s u r f a c e .  

I n  t h e  t a b l e ,  QR i s  r i v e r  f l o w  r a t e  a s  measured a t  t h e  

P r i e s t  Rapids gage s t a t i o n ,  a d j u s t e d  f o r  t ime of wave t r a v e l  

t o  t h e  o u t f a l l  whenever t h e  f low r a t e  was changing r a p i d l y .  

T R  i s  t h e  r i v e r  t e m p e r a t u r e  measured j u s t  ups t r eam from t h e  

end of t h e  o u t f a l l  l i n e .  AT e q u a l s  Tmax minus T R .  

B and C o u t f a l l  l i n e s ,  l i k e  t h e  D and DR l i n e s ,  a r e  l e s s  

t h a n  400 y a r d s  a p a r t .  The 400-yard  d i s t a n c e s ,  t h e r e f o r e ,  were 

measured from t h e  downstream l i n e ,  C and DR r e s p e c t i v e l y .  

Except  where n o t e d  by an approx ima t ion  symbol ,  t h e  accu-  

r a c y  of t h e  d a t a  i s  b e l i e v e d  t o  b e :  

T~ and Tmax a t  400 y a r d s  = +0.2  O C  - 



Tab le  D.11-2 

S e t s  of  t r a v e r s e  markers  have been  s e t  up a t  400 y a r d s ,  

1 / 2  m i l e ,  and 1 m i l e  below each  of  t h e  r e a c t o r  o u t f a l l s ,  and 

above N and D Area r i v e r  pump i n t a k e s .  Data f o r  a l l  t h e s e  l o c a -  

t i o n s  i s  g i v e n  i n  t h e  s e v e r a l  s e c t i o n s  of T a b l e  D.11-2.  Time 

has  n o t  p e r m i t t e d  measurements a t  a l l  p o i n t s  on any one d a t e .  

R ive r  t r a v e r s e s  f o r  t e m p e r a t u r e  measurements o n l y  were 

made w i t h  t h e  r e s i s t a n c e  thermometer  p robe  suspended from t h e  

b o a t  a t  a  w a t e r  d e p t h  of a b o u t  2 f e e t .  When t e m p e r a t u r e  mea- 

surements  were t a k e n  i n  c o n j u n c t i o n  w i t h  dye t e s t s ,  a  c o n t i n -  

uous sample l i n e  was used  w i t h  t h e  i n t a k e  a b o u t  2 f e e t  b e n e a t h  

t h e  w a t e r  and t h e  r e s i s t a n c e  thermometer  i n s t a l l e d  th rough  a  

f i t t i n g  i n t o  t h e  sample l i n e .  A s t a d i m e t e r  was used  f o r  l a t e r a l  

d i s t a n c e  measurement,  and a  f a t h o m e t e r  f o r  w a t e r  d e p t h .  The 

i n s t r u m e n t s ,  p r o c e d u r e  and some e a r l y  d a t a  have been d i s c u s s e d  

i n  more d e t a i l  i n  HW-80888.* 

I n  t h e  t a b l e s ,  t h o s e  r e a c t o r s  o p e r a t i n g  ups t r eam from t h e  

t r a v e r s e  l o c a t i o n  a r e  i n d i c a t e d .  Where an a s t e r i s k  a p p e a r s ,  

t h e  r e a c t o r  was s h u t  down and e f f l u e n t  f l o w  r a t e  had  been  

r educed ;  b u t ,  t h e  t e m p e r a t u r e  of t h e  e f f l u e n t  was s t i l l  w e l l  

above r i v e r  t e m p e r a t u r e .  

R i v e r  f low r a t e  was d e t e r m i n e d ,  a s  i n  Tab le '  D.11-1  from 

t h e  P r i e s t  Rapids gage r e c o r d ,  a s  was t h e  b a s e  r i v e r  t e m p e r a t u r e ,  

T p r  A t ,  t h e  c r o s s - s e c t i o n a l  a r e a ,  was c a l c u l a t e d  from t h e  

t a b u l a t e d  d i s t a n c e  and d e p t h  measurements ,  and t h e  mean r i v e r  

t e m p e r a t u r e  Tm f o r  t h e  c r o s s  s e c t i o n  was c a l c u l a t e d  by t h e  mean- 

s e c t i o n  method a s :  

f. P .  C o r l e y ,  E f f e c t s  o f  Hanford O p e r a t i o n s  on Columbia 
R i v e r  Tempera ture s  - I n t e r i m  R e p o r t  No. 2 ,  HW-80888 .  
December 3 ,  1 9 6 4 .  ( o r i g i n a l  c l a s s i f i e d )  



I n  some of t h e  t a b l e s ,  a  column i s  shown headed ,  f o r  example ,  

"B E f f l u e n t  U n i t s . "  Th i s  i s  t h e  measured r e l a t i v e  c o n c e n t r a t i o n  

o f  e f f l u e n t  f rom t h e  named r e a c t o r  a t  t h e  c r o s s  s e c t i o n .  I n  

a l l  s u c h  t a b l e s ,  Rhodamine B dye was b e i n g  pumped c o n t i n u o u s l y  

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

r e a d i n g s  on t h e  T u r n e r  F luo rome te r  u sed  t o  measure  dye  concen-  

t r a t i o n s  i n  r i v e r  w a t e r .  S i n c e  t h e  a d d i t i o n  r a t e  and a p p a r e n t  

dye l o s s  v a r i e d  between t e s t s ,  i t  i s  n o t  p o s s i b l e  t o  compare 

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

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

s h o u l d  be  comparable .  

Accuracy of t h e  t e m p e r a t u r e  d a t a  i s  t h e  same a s  f o r  T a b l e  D.11-1 

d a t a ,  e x c e p t  where t h e  n o t a t i o n  " e s t . "  a p p e a r s .  Depth a c c u r a c y  

i s  g e n e r a l l y  - + 2  f e e t ,  a l t h o u g h  f r e q u e n t  d i f f i c u l t i e s  w i t h  f a t h o -  

m e t e r  equipment  may b e  r e f l e c t e d  i n  s e v e r a l  t r a v e r s e s  f o r  which 

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

from t h e  same l o c a t i o n .  The most  f r e q u e n t  e r r o r s  i n  t h e  d a t a  

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

m a i n t a i n  a  s t r a i g h t  l i n e  w i t h  t h e  b o a t  a t  un i fo rm t r a v e r s e  speed  

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

t h i s  s e c t i o n  of t h e  r i v e r .  

No a t t e m p t  h a s  been  made h e r e  t o  r e c o n c i l e  a l l  t h e  t r a v e r s e s  

a t  a  g i v e n  l o c a t i o n ;  t h e  o n l y  changes  i n  t h e  raw d a t a  have been  

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

r u n - t o - r u n  v a r i a t i o n s  w i l l  p e r m i t  t h e  u s e r  o f  t h i s  d a t a  t o  do  s o  

more i n t e l l i g e n t l y .  



TABLE D . 1 1 - 1 .  E f f l u e n t  P l u m e  T e m p e r a t u r e s  

TABLE D.11-1. Effluent Plume Temperatures 

Outf  a l l  Q R ,  c f s  O C  

1 9 0 4 - B - C  4 1 , 0 0 0  7 . 1 5  
5 4 , 0 0 0  6 . 4 5  
8 7 , 0 0 0  1 0 . 5  

1 1 5 , 0 0 0  4 . 6  
1 6 0 , 0 0 0  9 . 3 5  
1 8 9 , 0 0 0  1 6 . 7  
2 5 5 , 0 0 0  1 0 . 4 5  

T  max , OC 

11.1 
1 0 . 6  
1 4 . 4  

8 . 3  
1 0 . 9 5  
1 7 . 8 5  
1 1 . 6 5  

AT, OC Tmax, OC AT, OC 

3 . 9 5  7 . 6 5  3 . 6  
4 . 1 5  9 . 4 5  3 . 0  
2 . 6  1 1 . 8  1 . 3  
3 . 7  6 . 4  1 . 8  
1 . 6  - - 
1 . 1 5  1 7 . 9 5  1 . 2 5  
1 . 1 5  1 1 . 4  0 . 9 5  



TABLE D.11-2. R i v e r  T e m p e r a t u r e  T r a v e r s e s  - 
400 Y a r d s  B e l o w  C 
( R i v e r  M i l e :  383.8) 

Date:  3-18-65 
Time: 1025 
River  Flow Ra te :  

Date:  3-18-65 
Time: 1035 
River  Flow Rate :  95,000 c f s  95,000 c f s  

Dis tance  
from P l a n t  Depth, 
Shore,  y d  f t  

2 5  7.5 

Dis tance  B 
from P l a n t  Depth, Temp, E f f l u e n t  
Shore ,  yd f t  O C Uni t s  

2 5  8.5 4 .8  0  

Temp, ~ f f l u e n t  
O C Uni t s  

At  = 20,200 f t '  

Tm = 4.8 O C  

NOTE: On Tables  D.11-2 through D.11-15 t h e  fo l l owing  nomenclature i s  used:  

At  = c r o s s  s e c t i o n  a r e a ,  f t 2  

Tm = mean s t ream t empera tu re ,  O C  

T~~ = r i v e r  t empera ture  a t  P r i e s t  Rapids ,  O C  
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TABLE D, 11-2. ( c o n t d )  R i v e r  T e m p e r a t u r e  T r a v e r s e s  - 
400 Y a r d s  B e l o w  C 
( R i v e r  M i l e :  3 8 3 . 8 )  

D a t e :  5 - 2 6 - 6 6  D a t e :  1 1 - 8 - 6 4  
T i m e :  1 1 0 5  T i m e :  0 9 2 0  
R i v e r  F l o w  R a t e :  1 7 5 , 0 0 0  c f s  R i v e r  F l o w  R a t e :  4 0 , 0 0 0  c f s  

D i s t a n c e  D i s t a n c e  C  
f r o m  P l a n t  D e p t h ,  Temp,  f r o m  P l a n t  D e p t h ,  Temp,  E f f l u e n t  
S h o r e ,  yd f t  O C  S h o r e ,  yd  f t  O C  U n i t s  

0  2  1 2 . 5  3 0  9 . 5  1 1 . 6  0  

At = 2 4 , 6 0 0  f t '  

Tm = 1 2 . 0 5  OC 

T~ R = 1 1 . 8  OC 



TABLE D.11-3. River Temperature Traverses - 0 .5  Mile Below C 
[River Mile: 383.5 (P lant  shore t o  i s l and  
o n l y )  1 

D a t e :  5 - 2 6 - 6 6  D a t e :  5 - 2 6 - 6 6  
Time:  1250 Time: 1300 
R i v e r  Flow R a t e :  1 8 5 , 0 0 0  c f s  R i v e r  Flow R a t e :  1 8 5 , 0 0 0  cfs  

D i s t a n c e  D i s t a n c e  
f rom P l a n t  D e p t h ,  Temp, 
S h o r e ,  yd  f t  O C  

f rom P l a n t  D e p t h ,  Temp, 
S h o r e ,  yd f t O C  

At = 25 ,500  f t '  



TABLE D.  11-4. R i v e r  T e m p e r a t u r e  T r a v e r s e s  - 1 M i l e  B e l o w  C 
( R i v e r  M i l e :  3 8 3 . 0 )  

D a t e :  8 -4 -64  
Time: 1340 
R i v e r  Flow R a t e :  1 8 5 , 0 0 0  c f s  

D i s t a n c e  
f rom P l a n t  D e p t h ,  Temp, 
S h o r e ,  yd f t " C -- 

5  3 . 5  1 7 . 3 5  

2  5  7 . 5  1 7 . 2 5  

5  0  1 4  17 .35  

6  5  1 7  17 .0  

9  0  1 8  1 6 . 9 5  

1 1 5  19  1 7 . 1  

140  2  0  17 .15  

165  1 8  1 7 . 1 5  

190  - 1 7 . 0 5  

215 2'0 1 6 . 9 5  

240 2  0  1 6 . 9  

265 2  0  1 6 . 9  

290 1 9  1 6 . 9  

315 19 1 6 . 9  

365 1 7  1 6 . 9  

415 1 5  1 6 . 9  

465 9 . 5  1 6 . 9  

510 0  

D a t e :  8 -6 -64  
Time: 0830 
R i v e r  Flow R a t e :  1 6 0 , 0 0 0  c f s  

D i s t a n c e  
f rom P l a n t  D e p t h ,  Temp, 
S h o r e ,  yd f  t " C -- 

2  5  1 1 . 5  1 6 . 8 5  

5  0  1 2  

7  5  1 3  1 6 . 9 5  

100 1 4  

125  1 5  1 7 . 0 5  

150 1 5 . 5  

17  5  1 6  1 7 . 4 5  

200 1 7  1 7 . 5 5  

225 1 7  1 7 . 5  

2  5  0  1 8  1 7 . 3  

275 1 7  1 7 . 0 5  

300 1 5  1 6 . 9 5  

3  2  5  15 .5  

350 1 6  1 6 . 9  

3  7  5  1 5 . 5  

40 0  1 5  1 6 . 9  

4  2  5  11 

450 6 . 5  1 6 . 9 5  

49 0  0  - - 

At = 1 8 , 9 0 0  f t  2  

Tm = 1 7 . 1  O C  

TpR = 1 6 . 4  O C  

D a t e :  8 -6 -64  
Time: 0840 

D i s t a n c e  
f rom P l a n t  
S h o r e ,  yd 

2  5  

5  0  

7  5 

100 

1 2 5  

150  

175  

200 

225 

250 

275 

300 

3  2 5  

350 

375 

400 

425 . 
450 

490 

D e p t h ,  
f t  

1 4  

1 5  

1 6  

1 8  

1 9  

1 9  

1 7  

1 6  

1 7  

1 7  

1 5  

1 4  

1 2  

9 . 5  

7 .5  

0  



TABLE D .  11-4. ( c o n t d )  R i v e r  T e m p e r a t u r e  T r a v e r s e s  - 
1 M i l e  B e l o w  C 
( R i v e r  M i l e :  3 8 3 . 0 )  

D a t e :  3 - 1 8 - 6 5  
T i m e :  1 0 5 0  
R i v e r  F l o w  R a t e :  9 5 , 0 0 0  cfs  

D i s t a n c e  
f r o m  P l a n t  
S h o r e ,  yd 

5  

2  5  

5  0  

6  5  

9  0  

1 1 5  

1 4 0  

1 6 5  

1 9 0  

2 1 5  

2 4 0  

2 6 5  

2 9 0  

3 1 5  

D e p t h ,  T e m p ,  
f t O  C -- 
3 . 5  4 . 8  

6 . 5  4 . 7 5  

1 2  4 . 7 5  

1 6  4 . 7 5  

1 7  4 . 9  

1 8  5 . 0  

2  0  5 . 3  

1 5 . 5  5 . 6  

1 3 . 5  5 . 4 5  

2  2  4 . 8 5  

2  1 4 . 7  

1 5 . 5  4 . 6  

1 5 . 5  4 . 6 5  

1 3  4 . 6 5  

9 . 5  4 . 6 5  

6 . 5  4 . 6 5  

5 . 5  4 . 6 5  

3  4 . 6 5  

0  

At = 1 6 , 7 0 0  f t '  

Tm = 4 . 9  O C  

TpR = 4 . 1  O C  

B 
E f f l u e n t  

U n i t s  

0 

0  

0  

D a t e :  5 - 2 6 - 6 6  
T i m e :  1 1 4 2  
R i v e r  F l o w  R a t e :  1 7 7 , 0 0 0  c fs  

D i s t a n c e  
f r o m  P l a n t  
S h o r e ,  yd  

5  

2  5  

6  0  

8  5  

1 1 0  

1 3 5  

1 6 0  

1 8 5  

2 1 0  

2 3 5  

2 6 0  

2 8 5  

3 1 0  

3 3 5  

3 6 0  

3 8 5  

4 1 0  

4 9 5  

5 1 0  

5  3 5  

5 6 0  

D e p t h ,  
f t 

At = 2 1 , 6 0 0  f t '  

Tm = 1 1 . 9 5  O C  

TpR = 1 1 . 8  O C  



TABLE D.  11-5. R i v e r  T e m p e r a t u r e  T r a v e r s e s  - 
400 Y a r d s  B e l o w  K 
( R i v e r  M i l e :  381.5)  

Date :  3-4-66 
Time: 1315 
R i v e r  Flow Ra te :  115 ,000  c f s  

D i s t a n c e  
from P l a n t  Depth , Temp, 
S h o r e ,  yd  f t  O C 

5 3 . 5  5 . 1  



TABLE D.  11-5. ( c o n t d )  R i v e r  T e m p e r a t u r e  T r a v e r s e s  - 
400 Y a r d s  B e l o w  K 
( R i v e r  M i l e :  3 8 1 . 5 )  

Da te :  
Time : 

D i s t a n c e  
from P l a n t  
S h o r e ,  yd 

10 

3  0  

Dep t h y  
f t  

KE 
E f f l u e n t  

U n i t s  

Date :  4-3-66 
Time: 1025 
R i v e r  Flow Rate :  39,000 c f s  

D i s t a n c e  KE 
from P l a n t  Depth,  Temp, E f f l u e n t  
S h o r e ,  yd O C f t  - U n i t s  

At = 21,900 f t  2 

Tm = 10.0  O C  ( e s t . )  



TABLE D.  11-5. ( c o n t d )  R i v e r  T e m p e r a t u r e  T r a v e r s e s  - 
4 0 0  Y a r d s  B e l o w  1 9 0 4 - K  
( R i v e r  M i l e :  3 8 1 . 5 )  

Date:  5-20-66 
T i m e :  1105 
R i v e r  Flow Rate :  195,000 cfs  

D i s t a n c e  
from P l a n t  
Shore ,  yd  

Depth,  
f t  



TABLE D. 11-6. R i v e r  T e m p e r a t u r e  T r a v e r s e s  - 
0 . 5  M i l e  B e l o w  K 
( R i v e r  M i l e :  3 8 1 . 3 )  

Date: 8 - 4 - 6 4  
T i m e :  1 4 0 5  
R i v e r  F low R a t e :  1 8 5 , 0 0 0  c f s  

D i s t a n c e  
f r o m  P l a n t  D e p t h ,  
S h o r e ,  yd f t  

50 7 . 5  



TABEL D. 11-6. (contd) River Temperature Traverses - 
0.5 Mile Below K 
(River Mile: 381.3) 

' Date: 9 - 1 - 6 4  
T i m e :  1 0 2 0  
R i v e r  F low R a t e :  8 0 , 0 0 0  c f s  ( e s t . )  

D i s t a n c e  K W 
f r o m  P l a n t  D e p t h ,  Temp, E f f l u e n t  
S h o r e ,  yd f t  O C U n i t s  

2  5  5 . 5  1 6 . 8  1 

5  0  5 . 5  1 6 . 8  2  

7  5  7 . 5  1 7 . 2  8  

1 0 0  8 . 5  1 7 . 4  11 

1 2 5  1 2  1 7 . 3 5  1 0  

1 5  0  1 4  1 7 . 0  4  

1 7 5  1 7  1 7 . 1 5  4  

200 2 5 . 5  1 7 . 4  6  

225 2  8  1 7 . 9  1 5  

2  5  0  2  9  1 7 . 8  1 6  

2  75 2  8  1 7 . 2  1 0  

3  0  0  2  8  1 7 . 0  1 

3  2  5  2  8  1 6 . 8  1 

3  5  0  - 1 6 . 6  1 

3  75 2  0  1 6 . 6  1 

400  1 2  1 6 . 6  0  

4 2 5  1 9  1 6 . 5 5  0  

450  1 8  - 0  

5 0 0  5 . 5  1 6 . 5  0  

5  2  5  0  - 0  

Date: 9 - 1 - 6 4  
T i m e :  0830  
R i v e r  F l o w  R a t e :  8 0 , 0 0 0  cfs ( e s t . 1  

D i s t a n c e  KFI 
f r o m  P l a n t  D e p t h ,  Temp, E f f l u e n t  
S h o r e ,  yd f t  O C U n i t s  

2  5  5 . 5  1 6 . 8  2  

5  0  7 . 5  1 7 . 0 5  2  

7 5  8 . 5  1 7 . 2  8  

1 0 0  8 . 5  1 7 . 6  1 4  

1 2 5  1 1 . 5  1 7 . 3  9 

1 5 0  1 4  1 7 . 1  2  

1 7 5  1 4  1 7 . 2  3  

200 2 2 . 5  1 7 . 2  5  

2  2  5  2 6 . 5  1 7 . 8  1 3  

250 3 0 . 5  1 7 . 7 5  1 5  

2 7 5  2 4 . 5  1 7 . 6  1 3  

30 0  2  8  1 7 . 1  6  

32 5  2  7  1 6 . 9  - 
3  5  0  2 5 . 5  1 6 . 7 5  - 
3 7 5  2  0  1 6 . 6  0  

400  1 0 . 5  1 6 . 5  0  

425  1 9  1 6 . 5  0  

4 5 0  1 8  1 6 . 5  0  

5  0  0  5 . 5  1 6 . 5  0  

5 2 5  0  - 0  



TABLE D .  11-6. (contd)  River  Temperature Traverses  - 
0 . 5  Mile Below K 
(River  Mile : 3 8 1 . 3 )  

Date: 11-28-64 
Time: 0830 
River Flow Rate:  4 1 , 0 0 0  c f s  

Distance 
from P lan t  
Shore,  yd 

Depth , 
f t  

KW 
Ef f luen t  

Units  

2 0  



TABLE D. 11-6. (contd) River Temperature Traverses - 
0.5  Mile Below K 
(River Mile: 381.3) 

D a t e :  3 -18 -65  
Time: 1130 
R i v e r  Flow R a t e :  

D i s t a n c e  
f rom P l a n t  D e p t h ,  
S h o r e ,  yd  f t  

5  - 

2  5  3 . 5  

95 ,000  c f s  

B 
Temp, E f f l u e n t  

O C U n i t s  

At = 2 3 , 4 0 0  f t "  

Tm = 5 .85  O C  

TpR = 4.2  O C  

D a t e :  3 - 1 8 - 6 5  
Time: 1140 
R i v e r  Flow R a t e :  9 5 , 0 0 0  c f s  

D i s t a n c e  B 
f rom P l a n t  D e p t h ,  Temp, E f f l u e n t  
S h o r e ,  yd  f  t O C U n i t s  



TABLE D.11-6. ( c o n t d )  R i v e r  T e m p e r a t u r e  T r a v e r s e s  - 
0 . 5  M i l e  B e l o w  K 
( R i v e r  M i l e :  381.3)  

Date :  4-8-65 
Time: 1043 

Date:  3-4-66 
Time: 1325 

R i v e r  Flow Rate :  65,000 c f s  R ive r  Flow Ra te :  115,000 c f s  

D i s t a n c e  ( e s t  . I  D i s t a n c e  
from P l a n t  Depth, Temp, from P l a n t  Depth,  Temp, 
Shore ,  yd f t  " C Shore ,  yd  f t  - " C 



BNWL- 1345 

TABLE D.11-6. (contd) River Temperature Traverses . -  
0 . 5  Mile Below K 
(River Mile: 381.3) 

D a t e :  4 - 3 - 6 6  
Time: 1055  
R i v e r  Flow R a t e :  

D a t e :  4 - 3 - 6 6  
Time: 1105  
R i v e r  Flow R a t e :  39 ,000  c f s  39 ,000  c f s  

D i s t a n c e  
f r o m  P l a n t  D e p t h ,  
S h o r e ,  yd f t  

5  5 4 

6 5 8 

KE 
Temp, E f f l u e n t  

O C U n i t s  

1 1 . 7 5  2 2 

D i s t a n c e  
f rom P l a n t  D e p t h ,  
S h o r e ,  yd f t  

5 5 3 

KE 
Temp, E f f l u e n t  

O C U n i t s  
- - 



TABLE D .  11-6. (contd) R i v e r  T e m p e r a t u r e  T r a v e r s e s  - 
0 . 5  M i l e  B e l o w  K 
( R i v e r  Mile: 3 8 1 . 3 )  

Date :  5-20-66 
Time: 1 1 2 0  
R i v e r  Flow Ra te :  195,000 c f s  

D i s t a n c e  
from P l a n t  Depth,  Temp, 
Shore ,  yd  f t  O C  



TABLE D.11-7. R i v e r  T e m p e r a t u r e  T r a v e r s e s  - 1 M i l e  B e l o w  K 
( R i v e r  M i l e :  380 .8)  

D a t e :  8 -4-64  
Time:  1 4 1 5  
R i v e r  Flow R a t e :  1 8 5 , 0 0 0  c f s  

D i s t a n c e  
f rom P l a n t  D e p t h ,  Temp, 
S h o r e ,  yd f t  O C  -- 

5  0  5 . 5  1 6 . 9 5  

7  5  6 . 5  1 6 . 9 5  

1 0  0  7 . 5  1 6 . 9 5  

125  1 4  1 7 . 1 5  

1 5  0  2  0  1 7 . 2  

1 7  5  2  8  1 7 . 4  

200 3 4 . 5  1 7 . 7  

2  2  5  36 .5  1 7 . 8 5  

2  5  0  3  9  1 7 . 5  

2  75 4  0  1 7 . 0 5  

300 4  0  1 6 . 8  

3  2  5  39 1 6 . 7  

3  5  0  39 1 6 . 6 5  

3  75 3 8 . 5  1 6 . 6 5  

400 3 4 . 5  1 6 . 7  

425 2  8  1 6 . 7 5  

4  5  0  1 9  1 6 . 9 5  

475 1 0 . 5  

5  0  0  5 . 5  

540 0  

At = 3 4 , 3 0 0  f t '  

Tm = 1 7 . 1 5  O C  

TpR = 1 6 . 4  O C  

D a t e :  8 -6-64  
Time:  0855 
R i v e r  Flow R a t e :  1 6 0 , 0 0 0  c f s  

D i s t a n c e  
f r o m  P l a n t  
S h o r e ,  yd 

7 0  

9  5  

1 2  0  

1 4 5  

1 7 0  

1 9 5  

220 

2  4  5  

2  70 

295 

3  2  0  

345  

3  70 

39 5  

4  2  0  

445 

470 

530 

D e p t h ,  
f t  

3 . 5  

6 . 5  

1 3  

1 7  

19  

2  9  

4  0  

40 
- 

37 .5  

3 7 . 5  

3 8 . 5  

3 6 . 5  

3 6 . 5  

3 1 . 5  

2  7  

1 2  

0  

At = 3 4 , 2 0 0  f t '  

Tm = 1 7 . 3 5  OC 

TpR = 1 6 . 4  OC 

D a t e :  8 - 6 - 6 4  
Time:  0905  
R i v e r  F low R a t e :  1 6 0 , 0 0 0  c f s  

D i s t a n c e  
f r o m  P l a n t  D e p t h ,  
S h o r e ,  yd  f t  

7  0  3 . 5  

9 5 - 
1 2  0  8 . 5  

At = 3 1 , 9 0 0  f t '  

Tm = 1 7 . 3 5  OC 



TABLE D .  11-7. ( c o n t d )  R i v e r  T e m p e r a t u r e  T r a v e r s e s  - 
1 M i l e  Be low K 
( R i v e r  M i l e :  3 8 0 . 8 )  

Date:  9-1-64 
Time: 1105 
River  Flow Rate :  100,000 

D i s t a n c e  
from P l a n t  
Shore ,  yd 

2 5  

5  0  

7 5  

100 

1 2  5  

150 

17 5  

200 

225 

250 

275 

300 

3  2 5  

350 

375 

380 

Depth,  
f  t 

c f s  ( e s t . )  

KW 
E f f l u e n t  

U n i t s  

2 

Date :  9-1-64 
Time: 1115 
River  Flow Rate:  

Dis tance  
from P l a n t  
Shore ,  yd 

2 5  

100,000 c f s  ( e s t . )  

Depth,  Temp, 
f  t O C 

At = 23,800 f t '  

Tm = 17.3  " C  



BNWL- 1345 

TABLE D .  11-7. ( c o n t d )  R i v e r  Temperature T r a v e r s e s  - 
1 M i l e  Below K 
( R i v e r  M i l e :  380 .8 )  

Date :  11-8-64 
Time: 1015 
Rive r  Flow Ra te :  40,000 c f s  

D i s t a n c e  C 
from P l a n t  
Shore ,  yd 

Depth , 
f t  

E f f l u e n t  
U n i t s  



TABLE D.11-7. ( c o n t d )  R i v e r  T e m p e r a t u r e  T r a v e r s e s  - 
1 M i l e  B e l o w  K 
( R i v e r  M i l e :  380.8) 

Date: 11-28-64 
Time: 0910 
River  Flow Rate:  41,000 c f s  

Dis tance  KW 
from P l a n t  Depth, Temp, E f f l u e n t  
Shore,  yd f t  O C Uni t s  

Date: 11-28-64 
Time: 0925 
River  Flow Rate:  41,000 c f s  

Dis tance  KW 
from P l a n t  Depth, Temp, E f f l u e n t  
Shore,  yd f t  O C Uni t s  



BNWL- 1 3 4 5  

TABLE D.  11-7. ( c o n t d )  R i v e r  T e m p e r a t u r e  T r a v e r s e s  - 
1 M i l e  Be low K 
(R iver  M i l e :  3 8 0 . 8 )  

D a t e :  4 - 4 - 6 5  Date: 3 - 4 - 6 6  
T i m e :  1 0 3 0  T i m e :  1 4 4 0  
R i v e r  F low R a t e :  4 2 , 0 0 0  c f s  R i v e r  F low Rate:  1 1 5 , 0 0 0  c f s  

Distance Dis tance  
f r o m  P l a n t  D e p t h ,  Temp, f r o m  P l a n t  D e p t h ,  Temp, 
S h o r e .  vd f t  O C S h o r e .  vd f t  O C 

G 

1 3 5  v a l i d  7 . 3 5  1 9 0  3 2 . 5  4 . 0  

1 6 0  d a t a  7 . 2 5  215  3 1 . 5  5 . 1  

1 8 5  6 . 5  240  3 2 . 5  5 . 2  

At = Unknown At = 2 4 , 0 0 0  f t  2  

T = 6 .4  O C  ( e s t . )  Tm = 4 . 1  O C  
m 

TpR = 5 . 2  O C  TpR = 3 . 4  O C  
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TABLE D .  11-7. ( c o n t d )  R i v e r  T e m p e r a t u r e  T r a v e r s e s  - 
1 M i l e  B e l o w  K 
( R i v e r  M i l e :  3 8 0 . 8 )  

Date :  5-20-66 
Time: 1145 
R i v e r  Flow R a t e :  195 ,000 c f s  

D i s t a n c e  
from P l a n t  Depth,  Temp, 
Shore ,  yd f t  O C 



BNWL- 1345  

TABLE D.11-8. R i v e r  T e m p e r a t u r e  T r a v e r s e s  - Above N 
( R i v e r  M i l e :  380 .0 )  

D a t e :  2 - 1 - 6 5  
T i m e :  1 2 3 0  
R i v e r  F low R a t e :  6 5 , 0 0 0  c f s  

D i s t a n c e  
f r o m  P l a n t  D e p t h ,  Temp, 
S h o r e ,  yd f t O C -- 

5  3 . 5  8 . 7  

2  5  8 . 5  8 . 1  

5 0  1 2  7 . 6 5  

9  5  1 5 . 5  6 . 4 5  

1 4 5  1 4 . 5  6 . 2  

1 9 5  1 1 . 5  6 . 4 5  

2 4 5  1 4  6 . 8  

2 9 5  1 9 . 5  6 . 9  

3 4 5  3 2 . 5  5 . 7 5  

39  5  3 3 . 5  4 . 8  

4 4 5  1 8 . 5  4 . 4  

49 5  8 . 5  4 . 3 5  

5 4 5  5 . 5  4 . 3 5  

5 6 5  0  

D a t e :  2 - 1 0 - 6 5  
T i m e :  1 3 5 0  
R i v e r  F low R a t e :  1 3 5 , 0 0 0  c f s  

D i s t a n c e  
f r o m  P l a n t  D e p t h ,  Temp,  

f  t O C S h o r e ,  y d  

5  5 . 5  4 . 8 5  

2  5  1 4 . 5  4 . 3 5  

50  20 4 . 0 5  

9  0  2 2 . 5  4 . 0 5  

1 4 0  2  1 4 . 0 5  

1 9  0  1 8  4 . 2 5  

240  2 0 . 5  4 . 4  

290  2 5 . 5  4 . 6  

340  39  4 . 3  

390  4  0  3 . 7 5  

4 4 0  2  8  3 . 4 5  

490  1 9  3 . 4 5  

5 4 0  1 2 . 5  3 . 5  

5 9 0  8 . 5  3 . 5 5  

6 0 0  0  

D a t e :  3 - 5 - 6 5  
T i m e :  0 8 1 0  
R i v e r  F l o w  R a t e :  9 0 , 0 0 0  c r s  

D i s t a n c e  
f r o m  P l a n t  D e p t h ,  Temp,  
S h o r e ,  yd f  t O C 

5  4 . 5  4 . 0  

2  5  1 6  4 . 1  

50  1 5  4 . 1  

7  5  1 6 . 5  4 . 2  

9  0  1 7 . 5  4 . 2  

1 1 5  1 8  4 . 2  

1 4 0  1 8 . 5  4 . 2  

1 6 5  1 6  4 . 2  

1 9 0  1 6  4 . 2  

2  1 5  1 4 . 5  4 . 2 5  

240  1 5  4 . 3  

2 6 5  1 8 . 5  4 . 3 5  

290  2  1 4 . 3 5  

3 1 5  2  3  4 . 4  

340 2 7 . 5  4 . 3 5  

3 6 5  3 0 . 5  4 . 2  

390  3 5 . 5  4 . 0  

4 1 5  3 5 . 0  3 . 9  

440  3  0  3 . 6 5  

4 6 5  2  3  3 . 6 5  

4 9 0  1 5 . 5  3 . 6  

5 1 5  1 2  3 . 6  

5 4 0  1 0  3 . 6  

5 6 5  7 . 5  3 . 5 5  

5 9 0  3 . 5  3 . 5 5  

5 9 5  0  



lBLE D.11-9 .  R i v e r  T e m p e r a t u r e  T r a v e r s e s  - 1 0 0  Yards B e l o w  N 
( R i v e r  M i l e :  3 7 9 . 6 )  

Da te :  6-5-64 
Time: 0914 
R i v e r  Flow Ra te :  325,000 c f s  

D i s t a n c e  
from P l a n t  
Shore ,  yd  

Depth,  
f t  



TABLE D.11-10. River Temperature Traverses - 400 Yards Below N 
(River Mile: 379.4) 

D a t e :  8 - 2 7 - 6 4  
T ime:  1 1 4 2  
R i v e r  F low R a t e :  1 1 0 , 0 0 0  c f s  ( e s t . )  

D i s t a n c e  N 
f r o m  P l a n t  D e p t h ,  Temp, E f f l u e n t  
S h o r e ,  yd f  t O C U n i t s  

5  5 . 5  1 9 . 3  3  

2  5  1 2  1 9 . 0  3  

5  0  1 8  1 8 . 9  3  

8  5  2 5 . 5  1 8 . 4 5  0  

1 1 0  2  8  1 8 . 4  0  

1 3 5  2 5 . 5  1 8 . 4  2 

1 6 0  2 4 . 5  1 9 . 1  4  9  

1 8 5  2 2 . 5  1 9 . 1  6  0  

210 2  1 1 8 . 8  2  2  

235  2 3 . 5  1 8 . 4  3  

260 1 8 . 2 5  1 

285 3 0 . 5  1 8 . 1 5  1 

3  1 0  3 1 . 5  1 8 . 0  1 

3 3 5  3 1 . 5  1 8 . 0  0  

360 2  7  1 8 . 0  0  

3  8  5  1 7  1 7 . 9 5  0  

4  1 0  1 3  1 7 . 9  0 

435 1 0 . 5  1 7 . 9  0  

460 1 8  1 7 . 9  0 

4  8  5  7 . 5  1 7 . 9  0  

505  7 .5  1 8 . 0  0  

520  0  0  

At = 3 2 , 0 0 0  f t '  

Tm = 1 8 . 3 5  OC 

TpR = 1 7 . 3  OC 

TN = 25 O C  

D a t e :  8 - 2 7 - 6 4  
T ime:  1 1 4 8  
R i v e r  F low R a t e :  1 1 0 , 0 0 0  c f s  ( e s t . )  

D i s t a n c e  N 
f rom P l a n t  D e p t h ,  Temp, E f f l u e n t  
S h o r e ,  yd  f  t O C U n i t s  

At = 3 2 , 9 0 0  f t '  

Tm = 1 8 . 4  O C  

TpR = 1 7 . 3  O C  



TABLE D. 11 -10 .  ( c o n t d )  R i v e r  T e m p e r a t u r e  Traverses - 
400 Y a r d s  B e l o w  N 
( R i v e r  M i l e :  3 7 9 . 4 )  

D a t e :  9 - 1 - 6 4  
T ime:  1 1 5 0  
R i v e r  Flow R a t e :  1 0 5 , 0 0 0  c f s  C e s t . ]  

Date: 9 - 1 - 6 4  
T i m e :  1 2 0 0  
R i v e r  F low R a t e :  1 0 5 , 0 0 0  cfs  (est.1 

D i s t a n c e  N 
f r o m  P l a n t  D e p t h ,  Temp, E f f l u e n t  
S h o r e ,  yd f t  O C U n i t s  

5  4 . 5  1 8 . 0  8  

D i s t a n c e  
f r o m  P l a n t  D e p t h ,  Temp, 
S h o r e ,  yd f t  " C 

5  4 . 5  1 8 . 1  

2  5  7 . 5  1 8 . 0  

5  0  2 0  1 7 . 7  

N 
E f f l u e n t  

U n i t s  

9  
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TABLE D .  1 1 - 1 0 .  ( c o n t d )  R i v e r  T e m p e r a t u r e  T r a v e r s e s  - 
4 0 0  Y a r d s  B e l o w  N 
( R i v e r  M i l e :  3 7 9 . 4 )  

Date :  9 -4 -64  Date :  9-4-64 
Time: 1038 Time: 1043 
R i v e r  Flow Ra te :  65,000 c f s  R ive r  Flow Ra te :  65,000 c f s  

( e s t . )  ( e s t . )  

D i s t a n c e  D i s t a n c e  
from P l a n t  Depth,  Temp, from P l a n t  Depth,  Temp, 
Shore ,  yd  f t  O C Shore ,  yd f  t O C 

5  2 17.85 5  2 18.65 

TpR = 16.0 O C  

TN = 30 O C  ( e s t . )  
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TABLE D.  1 1 - 1 0 .  (contd)  R i v e r  T e m p e r a t u r e  T r a v e r s e s  - 
4 0 0  Yards B e l o w  N 
( R i v e r  M i l e :  3 7 9 . 4 )  

D a t e :  1 1 - 8 - 6 4  
Time:  1040  
R i v e r  Flow R a t e :  4 0 , 0 0 0  cfs 

D i s t a n c e  C 
f r o m  P l a n t  D e p t h ,  Temp, E f f l u e n t  
S h o r e ,  yd O  C f t  - U n i t s  

2  5  - - - 

5  0  7 . 5  1 6 . 7  11 

7  5  1 6  1 6 . 5  1 0  

1 0  0  2  0  1 6 . 3  1 0  

1 2 5  1 9  1 5 . 7  1 0  

1 5 0  1 8  1 5 . 6  11 

1 7 5  1 7  1 5 . 6  11 

200 1 6  1 5 . 5  11 

2  2  5  1 5  1 5 . 1  11 

2  5  0  2 2 . 5  1 5 . 4  11 

275 24 .5  1 5 . 0  11 

30 0  2 4 . 5  1 4 . 6  11 

3  2  5  24 .5  1 4 . 0  11 

350 2 3 . 5  1 3 . 3  11 

375 2  0  1 2 . 9  9  

400 1 4  1 2 . 5  7  

4  2  5  6 . 5  - 3  

4  5  0  3 . 5  1 2 . 0  0  

460 0  - 0  

At = 2 0 , 6 0 0  f t  2  

Tm = 1 4 . 8 5  O C  

TpR = 1 2 . 0  O C  

TN = 45 O C  ( e s t . )  

D a t e :  1 1 - 8 - 6 4  
Time:  1 0 5 0  
R i v e r  Flow R a t e :  4 0 , 0 0 0  cfs 

D i s t a n c e  C 
f r o m  P l a n t  D e p t h ,  Temp, E f f l u e n t  
S h o r e ,  yd f t  O  C U n i t s  

2  5  4  - 11 

5  0  1 3  1 6 . 6  11 

7 5  1 9  1 6 . 6  11 

1 0 0  2  0  1 6 . 3  11 

1 2 5  19  1 5 . 9  11 

150  1 8  1 5 . 5  1 0  

1 7 5  1 8  1 5 . 3  9  

2  0  0  1 6  1 5 . 3 5  8  

225 1 6  1 5 . 4  8  

250 2  0  1 5 . 3  7  

275 2 3 . 5  1 4 . 8  7  

300 24 .5  1 4 . 2  6 
32 5  2 4 . 5  1 3 . 9  5  

350 22 .5  1 3 . 5  3  

375 22 .5  1 3 . 1  1 

4  0  0  1 8  1 2 . 7  0  

425 9 . 5  1 2 . 2  0  
450 - 1 2 . 0  0  

460 0  - 0  

At = 2 2 , 6 0 0  f t '  

Tm = 1 4 . 8  O C  



BNWL- 1 3 4 5  

TABLE D. 1 1 - 1 0  ( c o n t d )  R i v e r  T e m p e r a t u r e  T r a v e r s e s  - 
400 Y a r d s  B e l o w  N 
( R i v e r  M i l e :  3 7 9 . 4 )  

D a t e :  1 1 - 2 8 - 6 4  
T ime :  0940  
R i v e r  Flow R a t e :  4 1 , 0 0 0  c f s  

D i s t a n c e  KW 
f r o m  P l a n t  D e p t h ,  Temp, E f f l u e n t  
S h o r e ,  yd f t  " C U n i t s  

5  3 . 5  1 2 . 1  3  0  

2  5  5 . 5  1 2 . 5 5  3  0  

5  0  1 0 . 5  1 2 . 6  3  0  

8  0  2  0  1 2 . 5 5  3  1 

1 0 5  - - 

130  1 8  1 2 . 2  3  1 

1 5  5 1 8  - 3  0  

1 8  0  1 6  1 1 . 8 5  2  8  

205 1 6  1 1 . 6 5  2  7 

230 1 5  1 1 . 4 5  2  6  

255 2  0  1 1 . 3  2  5  

280 2 4 . 5  1 1 . 0 5  2  3  

30 5  2 4 . 5  1 0 . 7  2  0  

3  30 2 4 . 5  1 0 . 5  1 7  

355 2 4 . 5  1 0 . 1  1 4  

380 2  2  9 . 7 5  1 2  

405  1 2  9 . 3 5  8  

430 9 . 5  9 . 1  6  

455  3 . 5  - 4  

480 3 . 5  8 . 8  1 

500 0  - 0  

Tm = 1 1 . 1 5  O C  

TpR = 9 . 4  " C  

TN = 25 " C  ( e s t . )  

D a t e :  1 1 - 2 8 - 6 4  
Time:  1000  
R i v e r  Flow R a t e :  4 1 , 0 0 0  cfs  

D i s t a n c e  KW 
f r o m  P l a n t  D e p t h ,  Temp, E f f l u e n t  
S h o r e ,  yd  f t  " C U n i t s  

5  3 . 5  1 2 . 5  3  0  

2  5  5 . 5  - 3  0  

5  0  1 0 . 5  - 3  0  

8  0  1 8  1 2 . 7  3  0  

1 0 5  2  0  1 2 . 7  2  7 

1 3  0  1 8  1 2 . 5 5  2  4  

1 5  5 1 8  1 2 . 2  2  1 

180  1 7  1 1 . 9  1 8  

205 1 5  - 1 7  

2  3  0  1 5  1 1 . 5  1 5  

2  5  5 2  0  1 1 . 4  1 5  

280 26 .5  1 1 . 2  1 2  

305 24 .5  1 0 . 9  9 

3 3  0  24 .5  1 0 . 6  6 

355  24 .5  1 0 . 2  2  

380 2  0  9 . 8 5  0  

40 5 1 2  9 . 5  0  

430 5 . 5  9 . 3  0  

455  4 . 5  9 . 1  0  

4  80 3 . 5  8 . 8  0  

500 0  - 0  



BNWL- 1345 

TABLE D .  1 1 - 1 0 .  ( c o n t d )  R i v e r  T e m p e r a t u r e  T r a v e r s e s  - 
4 0 0  Y a r d s  B e l o w  N 
( R i v e r  M i l e :  379 .4 )  

D a t e :  3 -18 -65  D a t e :  3 - 1 8 - 6 5  
Time:  1200 Time:  1210  
R i v e r  Flow R a t e :  9 5 , 0 0 0  c f s  R i v e r  Flow R a t e :  9 5 , 0 0 0  c f s  

D i s t a n c e  
f rom P l a n t  
S h o r e ,  yd 

5  

2  5  

5  0  

7  5  

1 0  0  

1 2  5 

150 

1 7 5  

200 

225 

250 

275 

300 

325 

Dep th ,  
f  t 

K W 
E f f l u e n t  

U n i t s  

1 0  

9 

9  

1 4  

1 4  

1 4  

1 4  

1 4  

1 4  

1 4  

1 4  

1 3  

1 0  

6  

D i s t a n c e  
f rom P l a n t  
S h o r e ,  yd 

5  

2  5  

5  0  

7  5  

1 0  0  

1 2 5  

150 

1 7 5  

200 

225 

250 

2  75 

300 

3  2  5  

Dep th  , 
f t  

3 . 5  

1 0 . 5  

1 8  

2 2 . 5  

2 5 . 5  

2 6 . 5  

2 4 . 5  

2 3 . 5  

2  2  

2  0  

3 4 . 5  

3 3 . 5  

3 1 . 5  

3 1 . 5  

KW 
E f f l u e n t  

U n i t s  

1 0  

10  

1 0  

11 

1 4  

1 4  

1 4  

1 4  

1 4  

1 3  

1 3  

11 

8  

5 



TABLE D .  1 1 - 1 0 .  ( c o n t d )  R i v e r  T e m p e r a t u r e  T r a v e r s e s  - 
400  Y a r d s  B e l o w  N 
( R i v e r  M i l e :  3 7 9 . 4 )  

Date: 3 - 3 1 - 6 6  
T i m e :  1 0 5 5  
R i v e r  F low R a t e :  8 5 , 0 0 0  c fs  

D i s t a n c e  
f r o m  P l a n t  D e p t h ,  Temp, 
S h o r e ,  yd f t  O C 

5  3 . 5  1 0 . 7  



TABLE D.11-11. River Temperature Traverses - 0.5 Mile Below N 
(~iver Mile: 379.2) 

D a t e :  2 - 2 0 - 6 6  
Time:  0800  
R i v e r  Flow R a t e :  3 9 , 0 0 0  c f s  

D i s t a n c e  N 
f r o m  P l a n t  D e p t h ,  Temp, E f f l u e n t  
S h o r e ,  yd f t  O C U n i t s  

5  2  7 . 9 5  2  

2  5  8  7 . 6 5  2  0  

5  0  1 4  8 . 2  5  3  

8  0  1 9  8 . 3 5  4 9  

130  1 9  8 .65  5  4  

1 8  0  1 6  8 . 8 5  5  7  

2  30 1 4  8 .05  5  1 

280 2  4  6 . 8  1 7  

3  3  0  2  3  5 .15  0  

3  8  0 1 8  4 .45  0  

4  3  0  5  4.2 0  

465  2  4 . 1 5  0  

485 0  - 0  

D a t e :  2 - 2 0 - 6 6  
Time:  0810  
R i v e r  F low R a t e :  3 9 , 0 0 0  cfs 

D i s t a n c e  N 
f r o m  P l a n t  D e p t h ,  Temp, E f f l u e n t  
S h o r e ,  yd f t  O C U n i t s  

5  2  7 . 9 5  4  

2  5  5  7 .85  2  0  

5  0  1 0  8 . 1 5  3  3  

8  0  1 9  8 . 4 5  5  1 

1 3  0  1 9  8 . 4 5  5  3  

180  1 7  8 . 8 5  6  1 

230 1 5  8 . 2 5  5  3  

2  80 2  3  7 .05  2 7  

330 2  3  5 . 2 5  0  

380 1 8  4 . 4 5  0  

4  3  0  6  4 .2  0  

465 2  4 . 1 5  0  

485 0  - 0  



TABLE D.  11-11. ( c o n t d )  R i v e r  T e m p e r a t u r e  T r a v e r s e s  - 
0 . 5  M i l e  B e l o w  N 
( R i v e r  M i l e :  3 7 9 . 2 )  

Da te :  3-31-66 
Time: 1145 
Rive r  Flow Ra te :  90,000 c f s  

D i s t a n c e  
from P l a n t  Depth, Temp, 
Shore ,  yd  f t  C 



TABLE D . 1 1 - 1 2 .  R i v e r  T e m p e r a t u r e  T r a v e r s e s  - 1 M i l e  B e l o w  N 
( R i v e r  M i l e :  378.7)  

Date: 2 - 2 0 - 6 6  
Time:  0825  
R i v e r  Flow R a t e :  3 9 , 0 0 0  cfs  

D i s t a n c e  N 
f r o m  P l a n t  D e p t h ,  Temp, E f f l u e n t  
S h o r e ,  yd f t  O C Uni t s  

5  2  6 . 9 5  6  

2 5  5  7 . 6  1 9  

5  0  8  7 .85  3  7  

7  0  11 8 . 0  3  3  

1 2  0  1 3  8 .0  3  7  

170  1 7  8 . 0 5  3  4  

220 1 5  8 . 4 5  4  8  

2  70 1 6  7 .35  2  1 

320 1 9  6 . 8  4  

370 2  0  5 . 4  0  

420 8  4 . 8 5  0  

470 6  4 .45  0  

500 2  4 . 2 5  0  

5  1 5  0  - 0  

D a t e :  2 -20 -66  
Time:  0837  
R i v e r  Flow R a t e :  3 9 , 0 0 0  cfs 

D i s t a n c e  N 
f r o m  P l a n t  D e p t h ,  Temp, E f f l u e n t  
S h o r e ,  yd f t  O C Uni t s  



TABLE D.  11 -12 .  ( c o n t d )  R i v e r  T e m p e r a t u r e  T r a v e r s e s  - 
1 M i l e  Be low N 
(River M i l e :  3 7 8 . 7 )  

D a t e :  3 - 3 1 - 6 6  
T i m e :  1 2 0 5  
R i v e r  F low R a t e :  9 0 , 0 0 0  cfs  

Distance 
f r o m  P l a n t  D e p t h ,  Temp Y 

S h o r e ,  yd  f t  O C 

5  4 . 5  1 0 . 0  

25 9 . 5  9 . 1  

40 1 2  8 . 2  

6 0  1 7  7 . 6  

8 5  2 1  7 . 4  

1 1 0  28 7 . 4  
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TABLE D.11-13. (contd) R i v e r  T e m p e r a t u r e  T r a v e r s e s  - 
A b o v e  181-D 
( R i v e r  M i l e :  378.0) 

D a t e :  8 - 6 - 6 4  D a t e :  8 - 6 - 6 4  
T i m e :  0 9 4 0  T i m e :  1 0 5 0  
R i v e r  F l o w  R a t e :  1 5 5 , 0 0 0  c f s  R i v e r  F l o w  R a t e :  1 5 5 , 0 0 0  c f s  

D i s t a n c e  
f r o m  P l a n t  D e p t h ,  Temp,  
S h o r e ,  yd f t  O C 

2  5  1 3 . 5  1 7 . 4 5  
6 0  1 6 . 5  1 7 . 5  
8  5  1 6  1 7 . 5 5  

1 1 0  1 5 . 5  1 7 . 6 5  
1 3 5  1 6 . 5  1 7 . 8  
1 6 0  1 9  1 7 . 8 5  
1 8 5  1 9 . 5  1 7 . 9 5  
210  2 0 . 5  1 8 . 0  
2 3 5  2 0 . 5  1 7 . 9 5  
260  1 8 . 5  1 7 . 9  
2 8 5  1 7 . 5  1 7 . 7  
3 1 0  1 8  1 7 . 5 5  
3 3 5  1 7  1 7 . 5  
3 6 0  1 9  1 7 . 3  
3 8 5  1 9  1 7 . 2  
4 1 0  1 7  1 7 . 1  
4 3 5  2 0 . 5  1 6 . 9 5  
4 6 0  2 3 . 5  1 6 . 9 5  
4 8 5  2 3 . 5  - 
510  2  3  1 6 . 8 5  
5 3 5  1 6  1 6 . 8  
560  11 1 6 . 8  
580  0  - 

= 2 9 , 0 0 0  f t  2 
At 

Tm = 1 7 . 4 5  O C  

TpR = 1 6 . 4  OC 

D i s t a n c e  
f r o m  P l a n t  D e p t h ,  T$mp, 
S h o r e ,  yd f t  C 

2  5  1 0 . 5  1 7 . 8  
6 0  1 6  1 7 . 6 5  
8  5  1 5  1 7 . 7  

1 1 0  1 5  1 7 . 8  
1 3 5  1 7  1 7 . 9 5  
1 6 0  20 1 8 . 1  
1 8 5  20 1 8 . 1 5  
2  1 0  20 1 8 . 1  
2 3 5  20 1 8 . 0  
260  1 7  1 7 . 9  
2 8 5  1 5  1 7 . 8 5  
3 1 0  1 7  1 7 . 7 5  
3 3 5  1 9  1 7 . 6 5  
3 6 0  1 9  1 7 . 5 5  
3 8 5  1 9  1 7 . 4  
410  1 7  1 7 . 3 5  
4 3 5  1 7  1 7 . 2 5  
4 6 0  1 7  1 7 . 2  
4 8 5  2  2  1 7 . 1 5  
5 1 0  2 3 . 5  1 7 . 1 5  
5 3 5  2 2 . 5  1 7 . 1  
5 6 0  1 2  - 
580  0  - 

= 2 8 , 0 0 0  f t  2  
At 

Tm = 1 7 . 6  O C  

T~~ = 1 6 . 4  OC 



TABLE D . 1 1 - 1 3 .  ( c o n t d )  R i v e r  Temperature  T r a v e r s e s  - 
Above 181-D 
( R i v e r  M i l e :  3 7 8 . 0 )  

Date:  8-27-64 Date :  8-27-64  
Time: 1200 Time: 1215 
R ive r  Flow Rate :  100,000 c f s  ( e s t . )  R ive r  Flow R a t e :  100,000 c f s  ( e s t . )  

D i s t a n c e  N D i s t a n c e  N 
from P l a n t  Depth,  Temp, E f f l u e n t  from P l a n t  Depth ,  T$mp, E f f l u e n t  

f t O C Sho re ,  yd U n i t s  Shore ,  yd f t C -- U n i t s  

TpR = 1 7 . 3  O C  

TN = 25 O C  ( e s t . )  

TpR = 17 .3  O C  

TN = 25 O C  ( e s t . )  



TABLE D . 1 1 - 1 3 .  (contd) R i v e r  T e m p e r a t u r e  T r a v e r s e s  - 
A b o v e  1 8 1 - D  
( R i v e r  M i l e :  3 7 8 . 0 )  

Date: 9-1-64 Date: 11-8-64 
Time: 1245 Time: 1100 
River Flow Rate :  105,000 c f s  River Flow Rate :  40,000 c f s  

( e s t . )  

Dis tance Dis tance C 
from P l a n t  Depth, Temp, from P l a n t  Depth, Temp, E f f l u e n t  
Shore ,  yd f t  " C Shore ,  yd f t  Un i t s  -- " C 

5 4 .5  18 .3  5 5.5 16.6  6  

... 

TpR = 12.0 O C  

TN = 45 "C ( e s t . )  



TABLE D.11-13. ( c o n t d )  R i v e r  T e r ~ e r a t u r e  T r a v e r s e s  - 
Above 181-D ( R i v e r  M i l e :  378 .0 )  

D a t e :  1 1 - 2 8 - 6 4  
Time: 1020 
R i v e r  Flow R a t e :  41 ,000  c f s  

D i s t a n c e  
f rom P l a n t  
S h o r e ,  yd 

Dep th ,  
f t  

KW 
E f f l u e n t  

U n i t s  

A t  = 14 ,900  f t  2 TpR = 9 . 4  " C  

= 1 1 . 3  " C  TN = 2 5  " C  ( e s t . )  



TABLE D.11-13. (contd)  River  Temperature T rave r se s  - 
Above 181-D 
(River  Mile: 378.0) 

Date:  3-18-65 Date:  3-18-65 
Time: 1230 Time: 1240 
River  Flow Rate:  95,000 c f s  River  Flow Rate :  95,000 c f s  

Dis tance  B Dis tance  B 
from P l a n t  Depth,  Temp, E f f l u e n t  from P l a n t  Depth, T:mp, E f f l u e n t  
Shore ,  yd f t  O C U n i t s  Shore ,  yd f t  C U n i t s  



TABLE D.11-13. ( c o n t d )  R i v e r  T e r p e r a t u r e  T r a v e r s e s  - 
Above 181-D 
( R i v e r  M i l e :  3 7 8 . 0 )  

D a t e :  4 - 8 - 6 5  D a t e :  2 - 1 3 - 6 6  
T ime :  1 1 2 0  T ime :  0 7 4 5  
R i v e r  F low R a t e :  6 5 , 0 0 0  c f s  R i v e r  F low R a t e :  4 2 , 0 0 0  c f s  

( e s t  . )  

D i s t a n c e  
f r o m  P l a n t  
S h o r e ,  yd 

D e p t h ,  
f t  

D i s t a n c e  
f r o m  P l a n t  
S h o r e ,  yd 

5  
40  
6 5  
90  

11 5  
1 4 0  
1 9 0  
2 1 5  
240  
265  
290  
3 1 5  
340  
3 6 5  
3 9 0  
415  
440  
4 6 5  
490  
5 1 5  
525  
530  

D e p t h ,  
f t  



TABLE D. 11-13. (contd)  River Temperature Traverses  - 
Above 181-D 
(River  M i l e :  378.0) 

Date: 2-20-66 Date: 2-20-66 
Time: 0905 Time: 0915 
River Flow Rate: 38,000 c f s  River Flow Rate: 38,000 c f s  

Distance 
from P l a n t  
Shore,  yd 

Depth, 
f  t 

N 
E f f luen t  

Units  

Distance 
from P l a n t  
Shore,  yd 

5 

2 5 

Depth, 
f t  

N 
E f f luen t  

Uni t s  

2 3 

2 5  



TABLE D. 11-13. (contd) River Temperature Traverses - 
Above 181-D 
(River Mile: 378.0) 

D a t e :  3 - 1 7 - 6 6  
T i m e :  1 0 4 0  
R i v e r  F l o w  R a t e :  6 8 , 0 0 0  c f s  

D i s t a n c e  
f r o m  P l a n t  D e p t h ,  Temp,  
S h o r e ,  yd f t  O C  

Date:  3 - 3 1 - 6 6  
T i m e :  1 3 0 0  
R i v e r  F l o w  R a t e :  9 0 , 0 0 0  c f s  

D i s t a n c e  
f r o m  P l a n t  D e p t h ,  
S h o r e ,  yd f t  

5  3 . 5  
4 0  1 7  
6 5  1 3  
9 0  1 5  

1 4 0  2 1  
1 6 5  2  1 
1 9 0  2 1  
2 1 5  1 4  
2 4 0  1 7  
2 6 5  1 8  
2 9 0  20  
3 4 0  20  
3 6 5  1 6  
3 9 0  1 7  
4 1 5  2  2  
4 4 0  2 4 . 5  
4 6 5  20 
4 9 0  1 6  
5 1 5  1 0 . 3  
5 3 0  3 . 5  
5 4 0  0  

= 2 7 , 1 0 0  f t  2  
At 

Tm = 7 . 1 5  O C  



TABLE D.11-13. (contd) River Temperature Traverses - 
Above 181-D 
(River Mile: 378.0) 

Date:  4-3-66 Date:  4-3-66 
Time: 1320 Time: 1340 
River  Flow Rate:  38,000 c f s  River Flow Rate:  38,000 c f s  

Dis tance  KE Dis tance  KE 
from P l a n t  Depth,  Temp, E f f l u e n t  from P l a n t  Depth,  Temp, E f f l u e n t  
Shore ,  yd f t  " C Uni t s  Shore ,  yd f t  " C U n i t s  

5 3  3  0  5 3  12 .9  3  0  



TABLE D . 1 1 - 1 4 .  R i v e r  T e m p e r a t u r e  T r a v e r s e s  - 
0 . 5  M i l e  B e l o w  1 9 0 4 - D R  
( R i v e r  M i l e :  376 .8 )  

Date: 8 - 1 4 - 6 4  
T i m e :  1 0 2 0  
R i v e r  F low R a t e :  1 3 0 , 0 0 0  c f s  

D i s t a n c e  
f r o m  P l a n t  
S h o r e ,  yd 

70 
9 5  

1 2 0  
1 4 5  
1 7 0  
1 9 5  
220  
2 4 5  
370  
2 9 5  
3 2 0  
3 4 5  
370  
39 5  
420  
4  70 
4 9 5  
5 1 5  
5 2 0  

D e p t h ,  
f t  

DR 
E f f l u e n t  

U n i t s  



TABLE D. 11-14. (contd) River Temperature Traverses - 
0.5 Mile Below 1904-DR 
(River Mile: 376.8) 

Date :  4-11-65 Da te :  4 -11-65  
Time: 1015 Time: 1030 
R i v e r  Flow R a t e :  53,000 c f s  R i v e r  Flow R a t e :  53 ,000 c f s  

D i s t a n c e  
from P l a n t  
S h o r e ,  yd 

Depth , 
f t  

D 
E f f l u e n t  

U n i t s  

D i s t a n c e  
from P l a n t  
S h o r e ,  yd 

2 5  

4  0  

6  5  

9  0  

115 

140 

16  5  

19 0  

215 

2 4  0  

2 6  5  

290 

310 

335 

355 

360 

Dep th ,  
f t  

D 
E f f l u e n t  

U n i t s  



TABLE D.11-14. (contd) River Temperature Traverses - 
0.5 Mile Below 1904-DR 
(River Mile: 376.8) 

Date:  3 - 3 1 - 6 6  
T ime :  1 4 2 0  
R i v e r  F l o w  R a t e :  9 0 , 0 0 0  c f s  

Distance 
f r o m  P l a n t  
S h o r e ,  y d  

1 5  
35  
6 0  
8 5  

1 1 0  
1 3 5  
1 6 0  
1 8 5  
210 
235  
260 
285  
310 
335  
360 
39 0  
4 1 5  
4 3 5  
440  

D e p t h ,  
f t  

No 
v a l i d  

d a t a  

At = Unknown 

Tm = 7 . 8  O C  ( e s t . )  

TPR = 5 . 7  " C  

T N  = 54  O C  



TABLE D . 1 1 - 1 5 .  R i v e r  T e m p e r a t u r e  T r a v e r s e s  - 
1 M i l e  B e l o w  DR 
( R i v e r  M i l e :  3 7 6 . 3 )  

D a t e :  8 - 1 4 - 6 4  
T i m e :  1 0 3 0  
R i v e r  F low R a t e :  1 3 0 , 0 0 0  c f s  

D i s t a n c e  
f r o m  P l a n t  
S h o r e ,  yd 

1 5  
6  5  
90  

11 5 
1 4 0  
1 6 5  
1 9 0  
2 1 5  
240 
2 6 5  
290 
3 1 5  
340  
3 6 5  
390  
4 1 5  
4 4 0  
4 6 5  
5 1 5  
540  
560  
5 6 5  

D e p t h ,  
f t  

DR 
E f f l u e n t  

U n i t s  



TABLE D.11-15. (contd) River Temperature Traverses - 
1 Mile Below DR 
(River Mile: 376.3) 

D a t e :  8 - 2 7 - 6 4  D a t e :  8 - 2 7 - 6 4  
T i m e :  1 2 4 5  T i m e :  1 2 5 5  
R i v e r  F low R a t e :  1 1 5 , 0 0 0  c f s  F i v e r  F l o w  R a t e :  1 1 5 , 0 0 0  c f s  

D i s t a n c e  
f r o m  P l a n t  
S h o r e ,  yd 

5  

30 

5  5  

8  0  

1 0 5  

1 3 0  

1 5 5  

1 8 0  

2 0 5  

230 

2 5 5  

2  80 

30 5  

330  

3 5 5  

38 0  

4 0 5  

430  

470  

49 5  

5 1  5  

5 2 0  

D e p t h ,  
f t 

3 . 5  

8 . 5  

2  2  

2 5 . 5  

2 5 . 5  

2 5 . 5  

2 2 . 5  

2  7  

2  0  

2  0  

1 8  

1 8  

1 8  

1 9  

1 9  

1 9  

1 8  

2 6 . 5  

2  0  

1 0 . 5  

4 . 5  

0  

At = 2 9 , 9 0 0  f t L  

Tm = 1 8 . 8 5  O C  

TpR = 1 7 . 3  O C  

TN = 25 O C  ( e s t . )  

N 
E f f l u e n t  

U n i t s  

5  

2  

5  

1 2  

1 2  

1 5  

1 5  

1 6  

1 7  

1 7  

1 4  

9  

8  

8  

7  

8  

8  

5  

1 

1 
0  

0  

D i s t a n c e  
f r o m  P l a n t  
S h o r e ,  yd 

Dep t h y  
f t 

4 . 5  

1 5  

2 6 . 5  

2  9 

2 5 . 5  

2 4 . 5  

2 2 . 5  

2 2 . 5  

2 2 . 5  

2 2 . 5  

2 2 . 5  

2 4 . 5  

2 4 . 5  

2 5 . 5  

2 6 . 5  

2 6 . 5  

2 6 . 5  

2  9  

1 5  

7 . 5  

0 

N 
E f f l u e n t  

U n i t s  

2  

7  

1 4  

1 4  

1 4  

1 2  

9  

9 

11 

1 3  

1 2  

11 

1 0  

6  

5  

3  

2  

2  

1 

0  

0  

0  



TABLE D . 1 1 - 1 5 .  ( c o n t d )  R i v e r  T e m p e r a t u r e  T r a v e r s e s  - 
1 M i l e  B e l o w  DR 
( R i v e r  M i l e :  3 7 6 . 3 )  

D a t e :  9 - 1 - 6 4  D a t e :  9 - 1 - 6 4  
T ime:  1 3 0 0  T i m e :  1 3 1 0  
R i v e r  F l o w  R a t e :  1 1 0 , 0 0 0  c f s  R i v e r  F l o w  R a t e :  1 1 0 , 0 0 0  c f s  

( e s t . )  ( e s t  . ) 
D i s t a n c e  

f r o m  P l a n t  
S h o r e ,  yd 

5  

2  5  

5  0  

1 0  0  

1 2 5  

1 5  0  

1 7 5  

200 

2  2  5  

250 

2 7 5  

300  

32 5  

3 5  0  

3 7 5  

400  

4  2 5  

450 

475  

5  0  0  

5 2 5  

5  4  0  

5 4 5  

D e p t h ,  
f t  

4  

7  

1 4  

2  5  

2 3 . 5  

2 2 . 5  

2 2 . 5  

2 1 . 5  

2  1 

2  0  

2  1 

2  1 

2  1 

2  1 

2 2 . 5  

2 4 . 5  

3 1 

3 1 

3 2 . 5  

2  0  

3  

0  

KW 
E f f l u e n t  

U n i t s  

1 0  

1 0  

9 

8 

7  

6 

6 

6 

5  

4  

3  

3  

2  

2  

2  

2  

2  

2  

2  

1 

D i s t a n c e  
f r o m  P l a n t  
S h o r e ,  yd 

5  

2 5  

5  0  

1 0 0  

1 2 5  

1 5 0  

1 7 5  

200  

2 2 5  

2  5  0  

2 7 5  

30 0  

32 5  

3 5 0  

3 7 5  

4 0 0  

4  2 5  

450 

4  7  5  

5  0  0  

5 2 5  

540  

5 4 5  

D e p t h ,  
f t 

4  

2  0  

2  7  

2  6 

2 4 . 5  

2 4 . 5  

2 4 . 5  

2 4 . 5  

2 3 . 5  

2 4 . 5  

2 2 . 5  

2 2 . 5  

2 3 . 5  

2 4 . 5  

2 4 . 5  

2 4 . 5  

2  6 

2  9 

2  8 

7 

5  

3  

0 

KW 
E f f l u e n t  

U n i t s  

1 0  

1 0  

9 

8 

6 

5  

4  

3  

3  

3  

3  

3  

3 

2  

2  

2  

2 

2  

1 

1 

1 

1 



TABLE D . 1 1 - 1 5 .  ( c o n t d )  R i v e r  T e m p e r a t u r e  T r a v e r s e s  - 
1 M i l e  B e l o w  DR 
( R i v e r  M i l e :  376.3)  

D a t e :  9 - 4 - 6 4  
T i m e :  1 2 0 0  
R i v e r  F low Rate:  8 5 , 0 0 0  c f s  ( e s t . )  

D i s t a n c e  
f r o m  P l a n t  
S h o r e ,  yd 

1 0  
1 5  
40  
6 5  
90  

1 1 5  
1 4 0  
1 6 5  
1 9 0  
215  
240 
265  
290 
3 1 5  
3 4 0  
3 6 5  
390  
4 2 5  
450  
4  70 
4 7 5  

D e p t h  , 
f t  

At = 3 1 , 2 0 0  f t  2 

Tm = 1 7 . 7  O C  

TpR = 1 6 . 1  O C  

TN = 30 O C  ( e s t . )  



TABLE D.11-15. ( c o n t d )  R i v e r  T e m p e r a t u r e  T r a v e r s e s  - 
1 N i l e  B e l o w  DR 
( R i v e r  M i l e :  3 7 6 . 3 )  

Date: 9 - 9 - 6 4  
T i m e :  1 1 4 5  
R i v e r  F low R a t e :  1 0 0 , 0 0 0  c f s  

( e s t . )  

D i s t a n c e  
f r o m  P l a n t  
S h o r e ,  yd 

1 0  
3 5  
60  
8 5  

1 1 0  
1 3 5  
1 6 0  
1 8 5  
210  
2 3 5  
260 
285  
310  
3 3 5  
3 6 0  
3 8 5  
410  
440  
4 6 5  
4 8 5  
490  

D e p t h ,  Temp, 
f t  O C  

3 . 5  1 9 . 7 5  
2  8  1 9 . 5  
2 1  1 9 . 3 5  
2 2 . 5  1 9 . 2 5  
2  7  1 9 . 2  
2 4 . 5  1 9 . 2  
2 2 . 5  1 9 . 1 5  

At = 3 2 , 4 0 0  f t  2  

Tm = 1 8 . 5 5  O C  

TpR = 1 6 . 1  O C  

TN = 3 5  O C  ( e s t . )  

Date: 9 - 9 - 6 4  
T ime :  1 1 5 5  
R i v e r  F low R a t e :  1 0 0 , 0 0 0  c f s  

( e s t . )  

D i s t a n c e  
f r o m  P l a n t  
S h o r e ,  yd 

1 0  
3 5  
60 
8 5  

1 1 0  
1 3 5  
1 6 0  
1 8 5  
210  
235  
260 
2 8 5  
31 0  
3 3 5  
3 6 0  
3 8 5  
410  
440  
4 6 5  
4 8 5  
490  

D e p t h ,  
f t  



TABLE D . 1 1 - 1 5 .  ( c o n t d )  R i v e r  T e m p e r a t u r e  T r a v e r s e s  - 
1 M i l e  B e l o w  DR 
( R i v e r  M i l e :  3 7 6 . 3 )  

Date: 9 - 9 - 6 4  Date: 9 - 9 - 6 4  
T i m e :  1 2 0 0  T ime :  1 3 0 0  
River F low R a t e :  1 0 0 , 0 0 0  c f s  River F low Rate :  1 1 0 , 0 0 0  c f s  

( e s t . )  

D i s t a n c e  
f r o m  P l a n t  
S h o r e ,  yd  

D e p t h ,  
f t  

D i s t a n c e  
f r o m  P l a n t  
S h o r e ,  yd 

5  
1 0  
3 5  
60 
8 5  

1 1 0  
1 3 5  
1 6 0  
1 8 5  
210 
235  
260 
2 8 5  
3 1  0  
335  
360  
3 8 5  
410  
4 4 0  
4 6 5  
4 8 5  
490  

D e p t h ,  
f t  

2  
4 . 5  

1 5  
2 6 . 5  
2 4 . 5  
2  8  
2 3 . 5  
2 2 . 5  
2  0  
2 0  
2 1  
20 
20 
2  1 
2  1 
2 2  
2 2 . 5  
2 4 . 5  
2  9 
1 8  

3 . 5  
0  



TABLE D.11-15. (contd) River Temperature Traverses - 
1 Mile Below DR 
(River Mile: 376.3) 

D a t e :  1 1 - 8 - 6 4  D a t e :  1 1 - 8 - 6 4  
T i m e :  1 1 4 0  T i m e :  1 1 5 0  
R i v e r  F l o w  R a t e :  4 0 , 0 0 0  c f s  R i v e r  F l o w  R a t e :  4 0 , 0 0 0  cfs 

D i s t a n c e  
f r o m  P l a n t  
S h o r e ,  yd 

5  

3  0  

5  5  

8  0  

1 0  5  

1 3 0  

1 5 5  

1 8 0  

2 0 5  

2  30 

2  5  5 

2  80  

3 0 5  

3 3 0  

3 5 5  

380  

4 0 5  

430  

4  5  5  

480  

5  0  0  

5 0 5  

D e p t h ,  
f t  

TpR = 1 2 . 0  " C  

TN = 4 5  " C  ( e s t . )  

C 
E f f l u e n t  

U n i t s  

5  

5  

5  

5 

5  

5  

5  

5  

5  

5  

5  

5  

5  

5  

5  

5  

5  

5  

5  

4  

0  

0  

D i s t a n c e  
f r o m  P l a n t  
S h o r e ,  yd 

5  

3  0  

5  5  

8  0  

1 0 5  

1 3 0  

1 5 5  

1 8 0  

2 0 5  

2  30  

2  5  5  

2  80  

30 5 

3 3 0  

3 5 5  

3 8 0  

40 5  

4 3 0  

4 5 5  

4  8  0  

500  

5 0 5  

D e p t h ,  
f t  

2  7 

2  2  

1 8  

1 9  

2  0  

2 4 . 5  

2 2 . 5  

2 3 . 5  

2 4 . 5  

2 4 . 5  

2 4 . 5  

2 4 . 5  

2 4 . 5  

2  0  

2  1 

2  1 

2 2 . 5  

2 4 . 5  

4 . 5  

0  

C 
E f f l u e n t  

U n i t s  

6  

6  

6  

6 

6  

6  

6  

6  

6  

6  

6  

6 

6 

6  

6 

6  

6  

6 

6  

6  

6  



TABLE D.11-15. (contd) River Temperature Traverses - 
1 Mile Below DR 
(River Mile: 376.3) 

D a t e :  1 1 - 2 8 - 6 4  D a t e :  2 - 2 8 - 6 5  
T i m e :  1 1 2 0  T ime :  1 0 0 5  
R i v e r  F low R a t e :  4 1 , 0 0 0  cfs R i v e r  F l o w  R a t e :  1 0 0 , 0 0 0  c f s  

D i s t a n c e  
f r o m  P l a n t  
S h o r e ,  yd 

5  

3  0  

5  5  

8  0  

1 0  5  

1 3 0  

1 5 5  

1 8 0  

2 0 5  

2  30  

255 

2  80  

3 0 5  

330  

3 5 5  

3 8 0  

4 0 5  

430  

450  

4 7 5  

4 9 5  

500  

D e p t h ,  
f t  

3 . 5  

1 0 . 5  

1 4  

2  2  

2  2  

2  1 

1 9  

1 8  

1 9  

1 9  

1 8  

2  0  

2  0 

2  1 

2  2  

2 2 . 5  

2 2 . 5  

2 3 . 5  

2 4 . 5  

2  0  

3 . 5  

0  

At = 2 8 , 1 0 0  f t  2  

Tm = 1 2 . 0 5  O C  

TpR = 9 . 4  O C  

TN = 2 5  O C  ( e s t . )  

KW 
E f f l u e n t  

U n i t s  

2  5  

2  5  

2  5  

2  5  

2  5  

2  5  

2  5  

2  5  

2  4  

2  4  

2  3 

2  3 

2  3 

2  2  

2  2  

2  2  

2  2  

2  2  

2  2  

2  2  

2 2  

D i s t a n c e  
f r o m  P l a n t  
S h o r e ,  yd 

5  

3  0  

5  5  

8  0  

1 0 5  

1 3 0  

1 5  5  

1 8 0  

2  0  5  

230  

2 5 5  

280  

3 0 5  

3 3 0  

3 5 5  

3 8  0  

4 0 5  

4 3 0  

4 6 5  

49 0  

5 1 0  

5 1  5  

D e p t h ,  
f t 

4 . 5  

7 . 5  

1 4  

2 3 . 5  

2 6 . 5  

2 5 . 5  

2 3 . 5  

2  1 

2  2  

2  2  

2 2 . 5  

2  0  

2 1 

2 2  

2  2  

2  2  

2 2 . 5  

2 5 . 5  

2  9 

1 9  

4 . 5  

0  



TABLE D . 1 1 - 1 5 .  ( c o n t d )  R i v e r  T e m p e r a t u r e  T r a v e r s e s  - 
1 M i l e  B e l o w  DR 
( R i v e r  M i l e :  3 7 6 . 3 )  

D a t e :  2 - 2 8 - 6 5  Date: 3 - 6 - 6 5  
T i m e :  1 0 4 0  T i m e :  0920  
R i v e r  F low R a t e :  1 0 0 , 0 0 0  c fs  R i v e r  F low R-ate: 8 5 , 0 0 0  c f s  

D i s t a n c e  
f r o m  P l a n t  D e p t h ,  
S h o r e ,  yd f t 

5  4 . 5  
3 5  1 4  
60 1 8  
8 5  2 5 . 5  

1 1 0  2 6 . 5  
1 3 5  2 5 . 5  
1 6 0  2 3 . 5  
1 8 5  20 
210  2 3 . 5  
2 3 5  2 2 . 5  
260  2 1  
2 8 5  2  2  
3 1 0  2 4 . 5  
3 3 5  2  7  
3 6 0  2 5 . 5  
3 8 5  2 3 . 5  
4 1 0  2 4 . 5  
4 3 5  2 5 . 5  
4 7 0  29  
4 9 5  2 4 . 5  
5 1 5  4 . 5  
520  0  

D i s t a n c e  
f r o m  P l a n t  
S h o r e ,  yd  

5  
20 
45  
70 
9  5  

1 2 0  
1 4 5  
1 7 0  
1 9 5  
220  
2 4 5  
270  
295  
3 2 0  
3 4 5  
370  
39 5  
420  
445  
480  
505  
5 2 5  
530  

D e p t h ,  
f t  

At = 2 5 , 8 0 0  f t  2  

= 5 . 5  O C  ( e s t . )  



TABLE D.11-15. (contd) River Temperature Traverses - 
1 Mile Below DR 
(River Mile: 376.3) 

Date :  4-11-65 
Time: 1040 
Rive r  F l o w  Rate :  55,000 c f s  

Dis t ance  
from P l a n t  
Shore .  vd 

Depth , 
f t  

D 
E f f l u e n t  

Uni t s  



TABLE D.11-15.  ( c o n t d )  River T e m p e r a t u r e  T r a v e r s e s  - 
1 M i l e  B e l o w  DR 
(River  M i l e :  3 7 6 . 3 )  

Date: 2 - 1 3 - 6 6  Date: 2 - 1 3 - 6 6  
T ime :  0 9 1 5  T ime :  1 1 4 0  
R i v e r  F low Rate :  4 2 , 0 0 0  c f s  F i v e r  F l o w  Rate:  4 8 , 0 0 0  c f s  

D i s t a n c e  
f r o m  P l a n t  
S h o r e ,  yd 

1 5  
2  5  
50  
75 

1 0 0  
1 2 5  
1 5 0  
1 7 5  
200 
2  2  5  
250 
275  
300  
3 2 5  
350  
3 7 5  
400  
4 2 5  
4 5 5  
4  80 
500  
505  

D e p t h ,  
f t  

D i s t a n c e  
f r o m  P l a n t  
S h o r e ,  yd 

5  
1 5  
40  
6  5  
90 

1 1 5  
1 4 0  
1 6 5  
1 9 0  
215  
240 
2 6 5  
290 
3 1 5  
340  
3 6 5  
390  
4 1 5  
4 4 5  
4 7 0  
490  
4 9 5  

D e p t h ,  
f t  



TABLE D.11-15. (contd) River Temperature Traverses - 
1 Mile Below DR 
(River Mile: 376.3) 

Date:  2-20-66 Date :  2-20-66 
Time: 0950 Time: 1000 
R i v e r  Flow Ra te :  38,000 c f s  R i v e r  Flow Ra te :  38 ,000 c f s  

D i s t a n c e  
from P l a n t  
S h o r e ,  yd 

5  

1 5  

6  5  

11 5  

165 

215 

2 6  5  

31 5  

36 5  

415 

445 

4  70 

490 

4  9  5  

Depth ,  
f t  

3  

1 3  

2 9  

19 

15  

16  

1 5  

17 

16 

1 8  

2  2  

1 8  

3  

0  

N 
E f f l u e n t  

U n i t s  

2 5  

2 5  

2 7  

2  9  

2 7  

2 6  

2 8  

2 6  

2 4 

1 7  

1 4  

1 2  

1 2  

D i s t a n c e  
from P l a n t  
S h o r e ,  yd 

5  

1 5  

6  5  

115 

16  5  

215 

2  6  5  

315 

365 

4  15  

445 

4 70 

490 

495 

Depth ,  
f  t 

3  

16 

2  9  

2  3  

16 

1 5  

16  

1 6  

18 

1 8  

16  

9  

3  

0  

N 
E f f l u e n t  

U n i t s  

2 8  

2 8  

2 8 

30 

2 8 

3 0  

2 9  

2  9  

2 6  

1 7  

1 3  

12 

12 
- 



TABLE D.11-15. (contd). River Temperature Traverses - 
1 Mile Below DR 
(River Mile: 3 7 6 . 3 )  

D a t e :  3 - 1 7 - 6 6  D a t e :  3 - 1 7 - 6 6  
T i m e :  1 1 0 5  T i m e :  1 1 2 0  
R i v e r  F low Rate:  7 0 , 0 0 0  c fs  R i v e r  F low R a t e :  7 0 , 0 0 0  c f s  

D i s t a n c e  
f r o m  P l a n t  
S h o r e ,  yd 

1 0  
3 5  
85  

1 3 5  
1 8 5  
235  
285  
3 3 5  
3 8 5  
4 3 5  
4 6 5  
490  
510  
5 1  5  

D e p t h ,  
f t  

2  
26 
2  8  
24 
1 9  
1 8  
1 8  
2 0  
2 1  
2  2  
26 
1 2  

3 
0 

D i s t a n c e  
f r o m  P l a n t  
S h o r e ,  yd 

1 0  
3 5  
8 5  

1 3 5  
1 8 5  
235  
285  
3 3 5  
3 8 5  
4 3 5  
4 6 5  
490 
510  
5 1 5  

D e p t h ,  
f t  

2  
1 5  
2  5  
24 
1 7  
1 8  
1 8  
1 9  
2  1 
24 
26 
1 5  

3 
0 



TABLE D.11-15. ( c o n t d )  R i v e r  T e m p e r a t u r e  T r a v e r s e s  - 
1 P i l e  B e l o w  DR 
( R i v e r  M i l e :  3 7 6 . 3 )  

D a t e :  3 - 1 7 - 6 6  D a t e :  3 - 3 1 - 6 6  
T i m e :  1 2 3 5  T i m e :  1 4 4 5  
R i v e r  F low R a t e :  7 3 , 0 0 0  c f s  R i v e r  F l o w  R a t e :  9 0 , 0 0 0  c f s  

D i s t a n c e  
f r o m  P l a n t  
S h o r e ,  yd 

5  
35  
8 5  

1 3 5  
1 8 5  
235  
285  
3 3 5  
385  
4 3 5  
4 6 5  
490  
5 1  0  
5  1 5  

D e p t h  , 
f t  

D i s t a n c e  
f r o m  P l a n t  
S h o r e ,  yd 

5  
1 0  
3 5  
60  
8 5  

1 1 0  
1 3 5  
1 6 0  
1 8 5  
210  
235  
260 
2 8 5  
3 1 0  
3 6 0  
410  
4 4 5  
4 7 0  
490  
495  

D e p t h  , 
f t  

No 
v a l i d  

d a t a  

At = Unknown 

Tm = 7 . 9  O C  ( e s t . )  

TpR = 5 . 7  O C  

TN = 54 O C  



TABLE D.11-15. (contd) R i v e r  T e m p e r a t u r e  T r a v e r s e s  - 
1 M i l e  B e l o w  DR 
( R i v e r  M i l e :  3 7 6 . 3 )  

D a t e :  4 - 3 - 6 6  
T i m e :  1 4 3 0  
River F l o w  R a t e :  3 9 , 0 0 0  c f s  

D i s t a n c e  
f r o m  P l a n t  
S h o r e ,  yd 

1 0  
3 5  
60  
8 5  

1 1 0  
1 3 5  
1 6 0  
1 8 5  
210  
235  
260  
2 8 5  
310  
3 3 5  
360  
3 8 5  
410  
4 2 0  
4 4 5  
4 6 5  
4  70 

D e p t h  , Temp, 
f t  O C  

1 1 . 5  
1 1 . 5  
1 1 . 5  
1 1 . 6  
1 1 . 5  
1 1 . 5  
1 1 . 5 5  

No 1 1 . 5  
v a l i d  1 1 . 3 5  

d a t a  1 1 . 2 5  
1 1 . 2 5  
1 1 . 2  
11.3 
1 1 . 4 5  
1 0 . 9 5  
1 0 . 6 5  
1 0 . 2 5  
1 0 . 1  

9 . 8  
9 . 8  

0  - 

KE 
E f f l u e n t  

U n i t s  

At = Unknown 

= 11.1 O C  ( e s t . )  

TpR = 6 . 6  O C  

TN = 54 O C  



APPENDIX E 

ENVIRONMENTAL EFFECTS 

OF AN EXTENDED HANFORD PLANT SHUTDOWN 

A b s t r a c t e d  f r o m  u n p u b l i s h e d  n o t e s  b y  R .  9 .  H a l l ,  
J .  P.  C o r l e y ,  J .  K .  S o l d a t a n d R .  T.  J a s k e  



A P P E N D I X  E  

E N V I R O N M E N T A L  E F F E C T S  

O F  AN E X T E N D E D  HANFORD P L A N T  SHUTDOWN 

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

The work s toppage  and consequent  shutdown of  t h e  p lu ton ium 

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

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

t h e  Columbia R ive r  and ,  t o  a  l e s s e r  e x t e n t ,  t o  t h e  d i s c h a r g e  o f  

e f f l u e n t s  from t h e  Chemical S e p a r a t i o n s  P l a n t s  t o  t h e  atmosphere 

and t o  t h e  ground.  The e x t e n t  t o  which t h i s  c u r t a i l m e n t  o f  

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

r a d i o a c t i v e  m a t e r i a l s  i n  t h e  envi ronment  and i n  t h e  the rma l  

and chemica l  impacts  on t h e  Columbia R i v e r  i s  o f  s u b s t a n t i a l  

i n t e r e s t  t o  t h e  D i v i s i o n  o f  P r o d u c t i o n  and O p e r a t i o n a l  S a f e t y  

and t o  t h e  Research  D i v i s i o n s  s p o n s o r i n g  s t u d i e s  on t h e  r i v e r .  

Because o f  t h i s  b r o a d  i n t e r e s t ,  t h e  P a c i f i c  Northwest  Labora to ry  

was a sked  t o  p r e p a r e  a  comprehensive r e p o r t  a s s e s s i n g  t h e  

impact  o f  t h e  shutdown. T h i s  r e p o r t  i s  i n  r e sponse  t o  t h a t  

r e q u e s t .  

On J u l y  8 ,  1966,  one r e a c t o r  (KE) was a l r e a d y  down. 

N Reac to r  was a l s o  s h u t  down on J u l y  8 .  The o t h e r  r e a c t o r s  

(B,C,D and KW) were s h u t  down by e a r l y  morning o f  J u l y  9 ,  

because  of  t h e  work s t o p p a g e .  A l l  r e a c t o r s  remained down 

u n t i l  one r e a c t o r  (D) resumed o p e r a t i o n  on August 23, one ( K W )  

on August 24, and t h r e e  (B,C, and KE) on August 25. Cool ing  

w a t e r  f low i n  t h e  f i v e  p r o d u c t i o n  r e a c t o r s  was r educed  t o  a  

f r a c t i o n  o f  normal d u r i n g  t h e  o u t a g e .  

The r i v e r  f l o w  r a t e ,  i l l u s t r a t e d  i n  F i g u r e  E-1 ,  dropped 

from l e v e l s  n e a r  t h e  maximum f o r  t h e  y e a r  t o  l e v e l s  n e a r  n o r -  

mal f o r  t h e  f a l l  and w i n t e r  months d u r i n g  t h e  o u t a g e  p e r i o d .  
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Under o r d i n a r y  c o n d i t i o n s ,  t h e  c o n c e n t r a t i o n  of  r e a c t o r  e f f l u -  

e n t  i n  t h e  Columbia R ive r  i n c r e a s e s  markedly d u r i n g  t h i s  t ime 

because  of t h e  reduced  f low a v a i l a b l e  f o r  d i l u t i o n .  

A s h o r t a g e  o f  p e r s o n n e l  a l s o  f o r c e d  c u r t a i l m e n t  o f  chemi- 

c a l  s e p a r a t i o n s  p r o c e s s i n g  from J u l y  8 t o  August 2 2 .  No f u e l  

p r o c e s s i n g  was done a t  t h e  Purex  P l a n t  i n  2 0 0  E a s t  Area ,  b u t  

t h e  Redox P l a n t  c o n t i n u e d  t o  p r o c e s s  m a t e r i a l  a l r e a d y  p r e s e n t  

i n  t h e  sys tem.  The t o t a l  r a d i o i o d i n e  r e l e a s e  d i d  n o t  r e a c h  a  

minimum u n t i l  September.  Water f low was m a i n t a i n e d  t o  open 

pond a r e a s  t o  p r e v e n t  s p r e a d  o f  c o n t a m i n a t i o n  by t h e  wind.  

L i q u i d  d i s c h a r g e s  t o  t h e  s e v e r a l  w a s t e  c r i b s  a l s o  c o n t i n u e d ,  

though o f  l e s s  t h a n  normal volume. 

The env i ronmenta l  p a r a m e t e r s  and t h e  o p e r a t i n g  h i s t o r y  

d u r i n g  t h e  s t r i k e  p e r i o d  were such  t h a t  s i g n i f i c a n t .  changes 

were e x p e c t e d  o n l y  i n  t h o s e  env i ronmenta l  measurements d i r e c t l y  

r e l a t e d  t o  r e a c t o r  e f f l u e n t s ,  i . e . ,  r i v e r  t e m p e r a t u r e ,  r a d i o -  

a c t i v i t y  , and chemica l  c o n t e n t  : 

The P a c i f i c  Northwest  Labora to ry  h a s ,  f o r  s e v e r a l  y e a r s ,  

c a r r i e d  on programs f o r  t h e  AEC t h a t  i n v o l v e  t h e  p r e s e n c e  and 

movement of  r a d i o n u c l i d e s  th rough  v a r i o u s  p h y s i c a l ,  c h e m i c a l ,  

and b i o l o g i c a l  sys t ems  o f  t h e  Columbia R i v e r  and t h e  impact  o f  

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

r e a c t o r s  f o r  an ex tended  p e r i o d  of  t ime caused  a  unique  p e r t u r -  

b a t i o n  t h a t  a f f o r d e d  an o p p o r t u n i t y  t o  develop  a d d i t i o n a l  

i n f o r m a t i o n  on t h e  dynamics of  t h e  f l u x  o f  r a d i o n u c l i d e s  th rough  

t h e s e  sys tems and on n a t u r a l  h e a t i n g  o f  t h e  r i v e r .  I n s o f a r  a s  

p o s s i b l e ,  b o t h  r e g u l a r  and s p e c i a l  s ampl ing  and a n a l y s i s  were 

under t aken  d u r i n g  t h e  p e r i o d  o f  t h e  shutdown t o  c a p i t a l i z e  on 

t h i s  unusual  o p p o r t u n i t y .  

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

r e p o r t  BNWL-CC-1056. 



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

With t h e  shutdown o f  t h e  r e a c t o r s  d u r i n g  t h e  work s t o p p a g e ,  

f o r m a t i o n  o f  r a d i o n u c l i d e s  i n  t h e  c o o l a n t  sys t em c e a s e d .  Smal l  

r e l e a s e s  o f  l o n g e r - l i v e d  n u c l i d e s  such  a s  4 6 ~ c ,  5 4 ~ n ,  6 5 ~ n ,  and 

6 0 ~ o  c o n t i n u e d  however ,  owing t o  e r o s i o n  and d e s o r p t i o n  from 

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

With in  a  few days a f t e r  t h e  shutdown, t h e  c o n c e n t r a t i o n s  

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

t o  ve ry  low l e v e l s  ( i n  most c a s e s ,  below t h e  d e t e c t i o n  l e v e l s  

of  a n a l y t i c a l  p r o c e d u r e s  used  r o u t i n e l y  f o r  s u r v e i l l a n c e  p u r -  

p o s e s ) .  However, t h e  q u a n t i t i e s  o f  6 5 ~ n ,  5 4 ~ n ,  4 6 ~ c ,  and 6 0 ~ o  

i n  r i v e r  w a t e r  d i d  n o t  drop a s  much a s  would be  e x p e c t e d  from 

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

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

were  r e c y c l e d  t o  t h e  w a t e r  th rough  c o n t i n u e d  s c o u r i n g  and 

l e a c h i n g  o f  t h e  s e d i m e n t s .  Samples o f  sed imen t s  from b e h i n d  

NcNary Dam i n d i c a t e d  t h a t  s m a l l  amounts o f  r a d i o n u c l i d e s  were 

l e a c h e d  from t h e  t o p  l a y e r s  d u r i n g  t h e  shutdown p e r i o d .  During 

t h e  shutdown,  more o f  t h e  r a d i o a c t i v e  m a t e r i a l  t r a n s p o r t e d  by 

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

p r e s e n t  i n  s o l u t i o n .  

I n  t h e  absence  o f  " f r e s h "  r a d i o a c t i v e  m a t e r i a l s  from t h e  

r e a c t o r s ,  t h e  dose  r a t e  from t h e  s h o r e l i n e  w i t h i n  t h e  r e s e r v a -  

t i o n  remained low ( o r d i n a r i l y  i t  i n c r e a s e s  a s  r i v e r  f low 

d i m i n i s h e s  d u r i n g  t h e  summer). 

C o n c e n t r a t i o n s  o f  r a d i o n u c l i d e s  i n  i n v e r t e b r a t e  organisms 

o f  t h e  r i v e r  d e c r e a s e d  by one o r  two o r d e r s  o f  magnitude d u r i n g  

t h e  shutdown. The change was g r e a t e s t  i n  t h e  c a s e  o f  3 2 ~  and 

5 1 ~ r .  The l e v e l s  o f  6 5 ~ n  d e c r e a s e d  l e s s  t h a n  t h o s e  o f  o t h e r  

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

ecosys tem.  



Because o f  t h e  r e a c t o r  shutdown,  t h e  c o n c e n t r a t i o n  o f  

3 2 ~  i n  j u v e n i l e  f i s h  d e c r e a s e d  by as  much a s  two o r d e r s  o f  

magnitude.  For  t h e  f l e s h  of  a d u l t  f i s h ,  t h e  change was abou t  

one o r d e r  of  magni tude .  The l o s s  was g r e a t e s t  among h e r b i v o r -  

ous s p e c i e s .  I n  t h e  c a s e  of w h i t e f i s h ,  t h e  d e c r e a s e  amounted 

t o  abou t  75 p e r c e n t .  The l e v e l s  o f  6 5 ~ n  i n  t h e  f i s h  changed 

much l e s s  t h a n  t h o s e  of 3 2 ~ .  

O r d i n a r i l y ,  t h e  c o n c e n t r a t i o n  of  6 5 ~ n  i n  Wi l l apa  Bay 

o y s t e r s  and i n  mi lk  from l o c a l  farms i r r i g a t e d  w i t h  Columbia 

R i v e r  w a t e r  i n c r e a s e s  s l i g h t l y  d u r i n g  t h e  summer. I n  1966,  

t h e  c o n c e n t r a t i o n  d imin i shed  s l i g h t l y  i n  b o t h  of  t h e s e  p r o d u c t s .  

The r a d i a t i o n  dose  t o  T r i - C i t y  r e s i d e n t s  from d r i n k i n g  

wa te r  was n i l  d u r i n g  t h e  shutdown p e r i o d .  I n  e f f e c t ,  t h i s  

reduced  t h e  annua l  dose  t o  t h e  GI t r a c t  f o r  1966 by abou t  

10 p e r c e n t  f o r  bo th  R ich land  and Pasco .  

Fol lowing s t a r t u p  of  t h e  r e a c t o r s  l a t e  i n  Augus t ,  t h e  

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

r i v e r  w a t e r ,  and t h e  i n v e r t e b r a t e  organisms r e t u r n e d  t o  "nor -  

mal" w i t h i n  a  few days t ime .  However, r e c h a r g i n g  o f  t h e  

s t o r a g e  c a p a c i t y  of  t h e  r i v e r  bed was i n d i c a t e d  f o r  6 5 ~ n  and 

some o t h e r  n u c l i d e s  by a  g r e a t e r - t h a n - n o r m a l  t ime  of  r e c o v e r y  

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

a d u l t  f i s h ,  n e a r l y  a  month was r e q u i r e d  b e f o r e  t h e  u s u a l  

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

r e - e s t a b l i s h e d .  The maximum l e v e l s  o b t a i n e d  d u r i n g  t h e  f a l l  

were undoubtedly  lower t h a n  would have been r eached  i n  t h e  

absence  of  t h e  shutdown. 

To t h e  c a s u a l  o b s e r v e r ,  t h e  e f f e c t  of  t h e  shutdown on 

Columbia R i v e r  t e m p e r a t u r e s  was obscured  by n a t u r a l  f l u c t u a -  

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

e f f e c t s  a r e  abou t  a s  p r e d i c t e d ,  however. Because of  t h e  r e l a -  

t i v e l y  h i g h  v e l o c i t y  and t u r b u l e n c e  of  t h e  r i v e r  w i t h i n  t h e  

r e s e r v a t i o n ,  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  (wi thou t  r e a c t o r  



h e a t )  between P r i e s t  Rapids and Rich land  i s  s u b s t a n t i a l l y  h i g h e r  

t h a n  i n  impounded p o r t i o n s  of t h e  r i v e r  d u r i n g  t h e  summer 

months.  T h i s  c o u l d  e a s i l y  l e a d  t h e  uninformed o b s e r v e r  t o  an 

o v e r e s t i m a t i o n  o f  t h e  e f f e c t s  o f  t h e  Hanford r e a c t o r s .  

The chemica l  s e p a r a t i o n s  p l a n t s  do n o t  o r d i n a r i l y  r e l e a s e  

enough l3'1 o r  o t h e r  n u c l i d e s  t o  t h e  environment  t o  be  q u a n t i -  

t a t i v e l y  measurable  w i t h  r o u t i n e  p r o c e d u r e s  i n  a i r ,  m i l k ,  and 

o t h e r  samples  t a k e n  o f f s i t e .  For t h i s  r e a s o n ,  any e f f e c t  o f  

t h e  shutdown on t h e  l e v e l s  o f  a i r b o r n e  con taminan t s  beyond t h e  

p r o j e c t  b o u n d a r i e s  was n o t  e v i d e n t .  

The r e l a t i v e l y  s m a l l  and b r i e f  d e c r e a s e  i n  t h e  d i s c h a r g e  

o f  l i q u i d  w a s t e  t o  ground a t  t h e  200 Areas  had e s s e n t i a l l y  no 

e f f e c t  on t h e  l e v e l  o f  c o n t a m i n a t i o n  i n  t h e  ground w a t e r .  

E F F E C T S  O F  A  C O M P L E T E  R E A C T O R  S H U T D O W N  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  

During t h e  r e a c t o r  shutdown,  normal t e m p e r a t u r e  m o n i t o r i n g  

a c t i v i t i e s  were c a r r i e d  o u t  t o  p r o v i d e  a  compara t ive  b a s i s  f o r  

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

t a k e n  a t  e s t a b l i s h e d  r i v e r  m i l e  l o c a t i o n s  t o  double  check t h e  

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

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

S e v e r a l  c o n c l u s i o n s  were developed a s  a  r e s u l t  o f  t h e s e  

measurements .  They a r e  a s  f o l l o w s :  

1. The normal t e m p e r a t u r e  r i s e  (wi thou t  r e a c t o r  h e a t )  between 

P r i e s t  Rapids and Rich land  i s  a  good d e a l  h i g h e r  t h a n  

would be  e x p e c t e d  from t e m p e r a t u r e  p r e d i c t i o n  f o r  impounded 

p o r t i o n s  o f  t h e  r i v e r .  I t  i s  a p p a r e n t  t h a t  t h e  i n c r e a s e d  

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

c o n d u c t i o n  t o  a  p o i n t  where t h e  o v e r a l l  exchange c o e f f i -  

c i e n t  r e a c h e s  v a l u e s  on t h e  o r d e r  o f  200 t o  300 B t u / ( d a y ) ( O F ) ,  
F i g u r e  E-2 i s  i l l u s t r a t i v e  of t y p i c a l  v a l u e s  f o r  a  l a k e .  





2 .  S t u d i e s  of  t r a v e r s e  measurements i n d i c a t e  a  v e r y  low tem- 

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

t u r e s  were n o t e d  on b o t h  r i v e r  b a n k s .  O the r  t h a n  bank 

h e a t i n g  e f f e c t s ,  no i n d i v i d u a l  r u n  exceeded a  t e m p e r a t u r e  

d i f f e r e n t i a l  of  0 . 5  " C .  

3 .  Inasmuch as  t h e  r u n  of t h e  r i v e r  p o r t i o n s  on t h e  Columbia 

sys t em f r e q u e n t l y  show t e m p e r a t u r e  d i f f e r e n t i a l s  h i g h e r  

t h a n  impounded r e a c h e s ,  i t  would e a s i l y  be p o s s i b l e  f o r  

t h e  uninformed o b s e r v e r  t o  o v e r  e s t i m a t e  t h e  e f f e c t s  o f  

t h e  Hanford P l a n t .  

Rout ine  d a t a  t a k e n  d u r i n g  t h e  shutdown p e r i o d  a r e  

i l l u s t r a t e d  i n  F i g u r e  E - 3 .  Superimposed on t h e  r o u t i n e  d a t a  

a r e  computed v a l u e s  o f  r i v e r  t e m p e r a t u r e  d e r i v e d  by s u b t r a c t i n g  

known r e a c t o r  i n p u t  i n f o r m a t i o n  from t h e  measured v a l u e s .  Dur- 

i n g  t h e  h i g h  f low p o r t i o n  o f  t h e  s e a s o n ,  between June  1 and t h e  

commencement o f  t h e  shutdown, r e a c t o r  t e m p e r a t u r e  i n p u t s  d i d  

n o t  exceed  0 . 4 3  OC on any one day and ave raged  abou t  0 .35  OC f o r  

t h e  p e r i o d .  The measured r i s e  i n  t h e  p l a n t  r e a c h ,  t a k i n g  i n t o  

accoun t  t h e  t r a v e l  t i m e ,  ave raged  approx ima te ly  0.65 OC i n  J u n e ,  

0 .75 OC i n  J u l y ,  and 0.85 O C  t h rough  t h e  25th o f  Augus t .  A s  

t h e  r e a c t o r s  came back  on s t r e a m  t h e  r i v e r  f lows  had d e c r e a s e d  

s u b s t a n t i a l l y  and t e m p e r a t u r e  i n c r e a s e s  from p l a n t  c o n t r i b u t i o n  

a r e  n o t e d  i n  t h e  f i g u r e .  By compar ison ,  e s s e n t i a l l y  l i t t l e  

t e m p e r a t u r e  d i f f e r e n t i a l  o f  any consequence was n o t e d  between 

Rich land  and Pasco ,  a  d i s t a n c e  o f  some n i n e  m i l e s ,  h a v i n g  a 

t o t a l  r i v e r  s u r f a c e  a r e a  approx ima te ly  e q u a l  t o  t h a t  be tween 

100 B Area and t h e  c i t y  o f  R i c h l a n d .  I t  i s  a p p a r e n t  t h a t  t h e  

exchange c o e f f i c i e n t s  f o r  t h e  d i f f e r e n t  p o r t i o n s  o f  t h e  r i v e r  

a r e  a f f e c t e d  by t h e  c u r r e n t  v e l o c i t y  a s  would b e  e x p e c t e d  by 

f i l m  c o e f f i c i e n t  c o r r e l a t i o n s .  Wind d i r e c t i o n  undoubtedly  

p l a y s  an i m p o r t a n t  p a r t  i n  a b s o l u t e  computa t ions  o f  s u r f a c e  
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c o e f f i c i e n t s  s i n c e  xrector  a d d i t i o n  o f  a i r  v e l o c i t y  would b e  

r e q u i r e d  t o  compare r a p i d l y  moving s t r e a m  c o e f f i c i e n t s  w i t h  

t h o s e  measured on s t a g n a n t  l a k e s .  As i n d i c a t e d  above ,  c o e f f i -  

c i e n t s  of  2 0 0  t o  300 were r o u t i n e l y  obse rved  i n  t h e  p l a n t  

r e a c h e s  o f  t h e  Columbia a s  compared w i t h  t h e  v a l u e s  o f  150 f o r  

impounded r e a c h e s .  

As an added i t em o f  i n t e r e s t ,  t e m p e r a t u r e s  measured a t  

Grand Coulee ( d i s c h a r g e )  and Rocky Reach a r e  a l s o  i l l u s t r a t e d  

i n  F i g u r e  E-3.  During J u l y  when t h e  ave rage  t r a v e l  t ime  from 

Grand Coulee t o  R ich land  was abou t  5 1 / 3  d a y s ,  t h e  t e m p e r a t u r e  

d i f f e r e n t i a l  between t h e s e  p o i n t s  n e v e r  exceeded 2 .6  "C, o f  

which approx ima te ly  0 .75  O C  r e p r e s e n t s  t h e  p l a n t  r e a c h  i n c r e -  

ment .  S u b t r a c t i o n  l e a v e s  1 . 8 5  O C  a s  t h e  r i s e  between Grand 

Coulee and P r i e s t  Rapids d u r i n g  t h e  example p e r i o d  i l l u s t r a t e d  

(A on F i g u r e  E - 3 ) .  S i n c e  t h e  s u r f a c e  a r e a  o f  t h e  impounded 

r i v e r  between Grand Coulee and P r i e s t  Rapids exceeds  t h e  

s u r f a c e  a r e a  o f  t h e  l o c a l  r e a c h  by a  f a c t o r  of  4 ,  i t  i s  s a f e  t o  

conclude  t h a t  exchange c o e f f i c i e n t s  f o r  t h e  impounded r i v e r  w i l l  

p r o b a b l y  b e  50 t o  60% of  t h e  v a l u e s  f o r  t h e  r u n - o f - t h e - r i v e r  

r e a c h e s .  A p p l i c a t i o n  o f  t h e s e  v a l u e s  t o  t h e  R ich land-  t o - P a s c o  

r e a c h  y i e l d s  a  s m a l l ,  a p p r o p r i a t e  t e m p e r a t u r e  r i s e .  Examples B 

and C on F i g u r e  E-3 p r o v i d e  a  f u r t h e r  j u s t i f i c a t i o n  f o r  t h e  

c o n c l u s i o n s  drawn from t h e  d a t a .  Most o f  t h e  i n p u t ,  i n f o r m a t i o n  

p e r t i n e n t  t o  t h e  a n a l y s i s  i s  a v a i l a b l e  i n  t h e o r e t i c a l  form;  

however,  i t  i s  r a r e  t h a t  an o p p o r t u n i t y  i s  g i v e n  t o  e v a l u a t e  

t h e o r e t i c a l  computa t ions  w i t h  e x c e l l e n t  i n s t r u m e n t a t i o n  on a  

l o c a l  b a s i s .  

F i g u r e  E-4 shows t h e  p l o t t e d  v a l u e s  f o r  t h e  i n d i v i d u a l  

t r a v e r s e  measurements .  Thus unusua l  bank h e a t i n g  n o t i c e d  i n  t h e  

Hanford-Ringold  r e a c h  i s  e v i d e n t  i n  t h e  d a t a  p l o t s .  I t  h a s  

been s p e c u l a t e d  t h a t  w a r m  ground w a t e r  may accoun t  f o r  some o f  

t h i s  t e m p e r a t u r e  d i f f e r e n t i a l .  I f  t h i s  were t h e  c a s e ,  i t  would 

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



1 6  C 1  M I L E  B E L O W  1 0 0  D 

3 HANFORD 1 3 : 5 0  h r  

W 

R I N G O L D  

" 1 6  h _ _ / ' : ' O  h r  

ABOVE 3 0 0  A R E A  1 5 : 1 5  h r  

1 6  

2 0 0  4 0 0  6 0 0  8 0 0  

YARDS F R O M  P L A N T  S H O R E  

FIGURE E-4. River  Traverse Data f o r  July 13, 1966 
(River  Flow, 254,000 c f s )  



p l a n t  r e a c h  would o c c u r  i n  t h i s  a r e a .  The ev idence  does n o t  

s t r o n g l y  s u p p o r t  t h i s  c o n d i t i o n .  Ground w a t e r  i n p u t s  can n o t  

be  r u l e d  o u t  on t h e  b a s i s  o f  p r e s e n t  d a t a ,  however.  

E F F E C T S  O F  A N  E X T E N D E D  R E A C T O R  O U T A G E  ON C H E M I C A L  

C O N C E N T R A T I O N S  I N  T H E  C O L U M B I A  R I V E R  

The o n l y  chemica ls  used  r o u t i n e l y  by t h e  Hanford p l a n t s  

i n  s u f f i c i e n t  amounts t o  cause  a  measurable  change i n  t h e  

chemica l  c h a r a c t e r i s t i c s  o f  t h e  r i v e r  a r e  h e x a v a l e n t  chromium 

and n i t r a t e  i o n .  These chemica l  s p e c i e s  a r e  mon i to red  

r o u t i n e l y  i n  t h e  r i v e r  w a t e r  below t h e  r e a c t o r s  a t  R i c h l a n d .  

S e v e r a l  o t h e r  normal chemica l  c h a r a c t e r i s t i c s ,  such  a s  pH, 

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

measured r o u t i n e l y  i n  t h e  v i c i n i t y  o f  t h e  r e a c t o r s ,  b u t  no 

e f f e c t s  of  t h e  p l a n t  e f f l u e n t s  on them have been o b s e r v e d .  ( E 2 )  

Sodium d ich romate  i s  u sed  a s  a  c o r r o s i o n  i n h i b i t o r  i n  

t h e  r e a c t o r  c o o l i n g  w a t e r .  The r e s u l t i n g  c o n c e n t r a t i o n  i n  

t h e  Columbia R ive r  i s  o r d i n a r i l y  i n  t h e  range  of 2 t o  7  ppb,  

depending  on r i v e r  f l o w .  During t h e  r e a c t o r  shutdown, t h e  

r educed  c o o l a n t  f low c o n t r i b u t e d  much lower q u a n t i t i e s  t o  

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

chromium a t  R ich land  i n  t h e  range  o f  0 . 2  and 0 . 7  ppb on t h e  

b a s i s  o f  e f f l u e n t  and r i v e r  f l o w s .  Inasmuch a s  t h e  ' a n a l y t i c a l  

method used  by t h e  l a b o r a t o r y  i s  n o t  s e n s i t i v e  t o  concen t r - a -  

t i o n s  below abou t  1 ppb,  p o s i t i v e  v a l u e s  were n o t  e x p e c t e d  

d u r i n g  t h e  shutdown p e r i o d .  F i g u r e  E - 5  shows t h e  r e s u l t s  o f  

t h e  h e x a v a l e n t  chromium measurements f o r  1966.  The r e s u l t  

o f  4 ppb o b t a i n e d  from a  w a t e r  sample c o l l e c t e d  d u r i n g  t h e  

f i r s t  week o f  August was conf i rmed by l a b o r a t o r y  r e c h e c k ,  

b u t  remains an unexp la ined  anomaly. 





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

Columbia R ive r  from Hanford i s  t h e  chemica l  s e p a r a t i o n s  p l a n t s .  

However, t h e  n i t r a t e  must t r a v e l  w i t h  t h e  ground w a t e r  f o r  many 

y e a r s  b e f o r e  r e a c h i n g  t h e  r i v e r  and even  under  low r i v e r  f low 

c o n d i t i o n s ,  t h e  inc remen t  i s  n o t  o b v i o u s .  Because of  t h e  r e l a -  

t i v e l y  l a r g e  amount of  n a t u r a l  n i t r a t e  i o n  i n  t h e  r i v e r ,  t h e  

l a r g e  r e s e r v o i r  o f  n i t r a t e  i o n  i n  t h e  ground w a t e r  b e n e a t h  t h e  

r e s e r v a t i o n ,  and t h e  v e r y  long  t r a v e l  t ime between t h e  s e p a r a -  

t i o n s  p l a n t s  and t h e  r i v e r ,  no d e t e c t a b l e  e f f e c t  o f  t h e  work 

s t o p p a g e  on t h e  n i t r a t e  i o n  i n  t h e  Columbia can b e  e x p e c t e d .  
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