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PROGRESS REPORT ON COLUEIBIA RIVER STUDIES 

J u l y  - December 1969 

P R E F A C E  

The s t u d i e s  r e p o r t e d  i n  t h i s  document a re  a c o n t i n u a t i o n  of ones 
f o r m e r l y  i n c l u d e d  i n  t h e  02 Research and Development Program under  
Miss ion  14  - Columbia River S t u d i e s .  The fund ing  f o r  F i sca l  Year 1970 
is  b e i n g  p rov ided  v i a  Douglas Un i t ed  N u c l e a r ,  I n c .  r a t h e r  t han  d i r e c t l y  
from AEC t o  B a t t e l l e - N o r t h w e s t .  

A s  i n  pas . t  y e a r s ,  two sub-programs are i n c l u d e d  in t h i s  r e p o r t .  
The "Mechanisms of Environmental  Exposure' '  s t u d i e s  c o n s t i t u t e  a n  i n v a l u -  
a b l e  complementary program t o  t h e  more r o u t i n e  env i ronmen ta l  s u r v e i l l a n c e  
program because  they  p r o v i d e  new o r  improved knowledge of how r a d i o n u c l i d e s  
i n  t h e  environment  r e a c h  p e o p l e  and c o n t r i b u t e  t o  d o s e .  From t h i s  i n f o r -  
ma t ion ,  r a t i o n a l  m o d i f i c a t i o n s  a re  made of t h e  a s sumpt ions  used of t h e  
i n t a k e  of  foods  of s p e c i a l  i n t e r e s t ,  t h e  t i m e  s p e n t  by p e o p l e  on o r  n e a r  
t h e  r i v e r ,  and o t h e r  parameters n e c e s s a r y  f o r  d o s e  c a l c u l a t i o n s .  

The " E f f e c t s  of  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 i v e r  
Water'' h a s  been  concerned dominant ly  w i t h  t h e  f l u x  of h e a t  i n  t h e  r i v e r  
and,  t o  a lesser e x t e n t ,  w i t h  t h e  d i s p e r s i o n  and t r a n s p o r t  of  t o x i c  
c h e m i c a l s ,  r a d i o n u c l i d e s ,  and d i s s o l v e d  g a s e s .  Through a combinat ion 
of f i e l d  measurement and m.lit!ieviatical model ing,  a c a p a b i l i t y  h a s  been 
developed and i s  b e i n g  r e f i n e d  :or p r e d i c t i n g  t h e  e f f e c t s  downstream of 
a v a r i e t y  of a c u t e  and c h r o n i c  releases. This work i n c l u d e s  c o n d i t i o n s  
b o t h  i n  t h e  immediate v i c i n i t y  of  t h e  o u t f a l l  and a t  l o n g  d i s t a n c e s  and ,  
a l s o ,  t h e  i n t e r a c t i o n  of  dams and f low r e g u l a t i o n s .  
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I. SCOPE AND OBJECTIVES 

1 . 0  

Members of the population living in the vicinity of the Hanford Plant 
may become exposed to radiation resulting from Plant operation through a 
variety of mechanisms, or pathways. This may include external exposure 
to radiation from radioactivity introduced into the environs with low-level 
radioactive effluents and radiation exposure from internally deposited 
radionuclides ingested with various food sources. This project investigates 
the pathways oftexposure of members of the public to permit quantitative 
evaluation of the magnitude of exposure from various pathways and their 
summation. The study, for example, will try to evaluate the effect of 
effluents released to the Columbia River and the atmosphere. The resulting 
estimates of exposure require evaluation of how the members of the public 
utilize various parts of their environment, such as the Columbia River, 
for recreation, as a source of sanitary water, and for food production. 

These investigations will provide improved estimates of exposure 
levels experienced by local residents and strengthen confidence in effluent 
control provisions. 
certainties with regard to the validity of the population sample examined 
and the pathway parameters used to compute human exposure. 

The resulting dose estimates will contain fewer un- 

11. PRIOR WORK 

1. A 12-month study designed to permit a statistical evaluation of fishing 
pressure on the Columbia River below the Hanford Project was completed in 
early 1967. One Washington State Game Department biologist was occupied 

0 0 0 9 4 5 2  
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f u l l  t i m e  w i t h  i n t e r v i e w s  of o v e r  2,100 f i she rmen .  The r e s u l t s  of t h e  i n t e r -  
views were coded,  key-punched and e n t e r e d  i n t o  a computer program i n  mid- 
1967 f o r  s t a t i s t i c a l  e x t r a p o l a t i o n  of t h e  d a t a  i n t o  c h a r a c t e r i z a t i o n  of t h e  
e n t i r e  p o p u l a t i o n  of l o c a l  f i she rmen .  

2 .  S p e c i a l  s t u d i e s  were conducted t o  i n v e s t i g a t e  t h e  u p t a k e  and r e t e n t i o n  
of r a d i o n u c l i d e s  i n  c e r t a i n  loca l ly -p roduced  f o o d s t u f f s .  S t u d i e s  of  f i s h  
consumption,  s e a f o o d  consumption and o t h e r  foods  were conducted and r e p o r t e d .  
The r e s u l t s  p rov ided  estimates of  some of t h e  parameters r e q u i r e d  f o r  cal- 
c u l a t i n g  exposure  from t h e  consumption of t h e s e  f o o d s .  The expe r imen t s  
i n c l u d e d  whole-body c o u n t i n g  measurements and e x c r e t a  a n a l y s e s  t o  e s t a b l i s h  
up take  and r e t e n t i o n  d a t a .  

3 .  
i n c l u d i n g  segments  o f  t h e  l o c a l  p o p u l a t i o n  of p a r t i c u l a r  i n t e r e s t .  
P l a n t  employees measured i n  t h e  Hanford whole-body c o u n t i n g  f a c i l i t y  as  par t  
of a r o u t i n e  examina t ion  p rov ided  most of t h e  a d u l t  d a t a .  
and whole-body c o u n t i n g  s u r v e y s  of  t h e  l o c a l  e l emen ta ry  s c h o o l s  gave s imi la r  
d a t a  f o r  t h e  c l i i l d r e n  p o p u l a t i o n .  I n  a d d i t i o n ,  s p e c i a l  whole-body c o u n t i n g  
s u r v e y s  were performed among s p e c i a l  p o p u l a t i o n  g r o u p s ,  such as l o c a l  f i s h s r -  
men. A mobi l e  whole-body c o u n t e r  i n  a van-type t r u c k  w a s  used f o r  t h e s e  s u r v e y s .  

D i e t a r y  and whole-body c o u n t i n g  d a t a  were o b t a i n e d  from l o c a l  r e s i d e n t s  
Hanford 

S p e c i a l  d i e t a r y  

4. Data o b t a i n e d  i n  spec ia l  p o p u l a t i o n  s u r v e y s  were e n t e r e d  on magne t i c  t a p e  
f i l e s  f o r  u s e  i n  a d i g i t a l  computer .  Programs were p repa red  t o  p e r m i t  co r -  
r e l a t i o n  of d i e t a r y  and whole-body c o u n t i n g  d a t a  and t o  p e r m i t  i n d i v i d u a l .  
close c a l c u l a t i o n s .  The computer w a s  used t o  p r e p a r e  t a b u l a t i o n s  and a v e r a g e s  
f o r  p u b l i c a t i o n  of  t h e s e  r e s u l t s .  

111. PROGRESS D U R I N G  REPORTING PERIOD 

1. A s t u d y  was'conducted a t  t h e  h i g h  s c h o o l  and one  j u n i o r  h i g h  s c h o o l  i n  
Richland t o  o b t a i n  d i e t a r y  and whole-body c o u n t i n g  d a t a  f o r  t h e  t eenage  popu- 
l a t i o n .  A t o t a l  of 428 se t s  of d a t a  were o b t a i n e d  i n  t h i s  s u r v e y .  I n  ad- 
d i t i o n ,  t h e  s t u d e n t s  were q u e s t i o n e d  c o n c e r n i n g  t h e i r  u s e  of  t h e  Columbia 
R ive r  f o r  swimming and o t h e r  r e c r e a t i o n .  I t  w a s  found t h a t  t h i s  group es t i -  
mated t h e i r  exposure  t i m e  i n  and on t h e  Columbia R ive r  t o  a v e r a g e  115 hour s  
p e r  y e a r .  T h i s  i s  somewhat h i g h e r  t h a n  had been  p r e v i o u s l y  e s t i m a t e d .  I n d i -  
v i d u a l s  among t h e  s t u d e n t s  q u e s t i o n e d  e s t i m a t e d  exposure  times as g r e a t  as 
1,000 h o u r s  i n  some cases. These estimates are p robab ly  e x a g g e r a t e d ,  b u t  
38 t e e n a g e r s  e s t i m a t e d  more t h a n  300 h o u r s  p e r  y e a r .  The 1967 a n n u a l  d o s e  
e s t i m a t e d  f o r  t h e  t y p i c a l  Richland r e s i d e n t  i n c l u d e d  a 2 mR e x t e r n a l  exposure  
from t i m e  s p e n t  a l o n g  t h e  r i v e r .  These 38 young p e o p l e  who e s t i m a t e d  exposure  
times i n  e x c e s s  of  300 h o u r s  would have r e c e i v e d  exposures  r a n g i n g  from 
10 t o  70 mR as a r e s u l t  of t h i s  e x p e r i e n c e .  A r e a s o n a b l e  e x t r a p o l a t i o n  of 
t h e s e  d a t a  t o  t h e  t o t a l  Richland p o p u l a t i o n  r e s u l t s  i n  an exposure  increment  
no t  w ide ly  d i f f e r e n t  from t h e  2 mR used i n  t h e  1967 env i ronmen ta l  d o s e  sum- 
m a  t i o n .  

2 .  S t u d e n t s  i n  h igh  s c h o o l  and j u n i o r  h i g h  s c h o o l  home economics classes 
c o o p e r a t e d  i n  pe r fo rming  a s u r v e y  of  t h e  s i z e  of  s e r v i n g s  t aken  by members 



IV. 

of t h e i r  f a m i l i e s  d u r i n g  normal meals. The s t u d e n t s  were p rov ided  w i t h  
"handbooks" c o n t a i n i n g  photographs o f  weighed s e r v i n g s  of  v a r i o u s  foods 
t o  assist  i n  t h e  s u r v e y .  Some of t h e  d i e t a r y  d a t a  o b t a i n e d  i n  t h e  c o u r s e  
of p o p u l a t i o n  s u r v e y s  i s  r e p o r t e d  i n  " se rv ings"  o r  i n  "meals p e r  week," 
which must b e  c o n v e r t e d  t o  grams. 
t o  p r o v i d e  t h e  needed we igh t  c o n v e r s i o n s .  A t o t a l  of  385 p e o p l e  were i n -  
c luded  i n  t h e  s u r v e y  conducted by s t u d e n t s .  The r e s u l t s  are t a b u l a t e d  by 
sex and we igh t  of t h e  p e r s o n  su rveyed  and w i l l  b e  used  i n  computa t ions  o f  
dose .  

T h i s  s t u d y  of  s e r v i n g  s i z e s  vas des igned  

3 .  A s p e c i a l  s u r v e y  was conducted of t h e  body burdens and d i e t s  of  f i s h e r -  
men l o c a t e d  a t  two p o p u l a r  f i s h i n g  s p o t s  on t h e  Columbia R i v e r .  
vey was made d u r i n g  a p e r i o d  o f  s e v e r a l  d a y s ,  i n c l u d i n g  t h e  Labor Day 
weekend. 
i n g  p r e s s u r e ,  and o n l y  40 f i s h e r m e n  were su rveyed .  
have body burdens  of  r a d i o n u c l i d e s  from Hanford i n  e x c e s s  of t h o s e  normally 
measured i n  T r i - C i t i e s  r e s i d e n t s .  These r e s u l t s  w i l l  be  combined w i t h  pre- 
v i o u s  s u r v e y s  of f i s h e r m e n  f o r  a n a l y s i s .  

4 .  
of  members of farm f a m i l i e s  l i v i n g  i n  t h e  r u r a l  suburban  Riverview d i s -  
t r i c t  n e a r  Pasco.  T h i s  area i s  f u r n i s h e d  i r r i g a t i o n  water d i r e c t l y  from 
t h e  Columbia R i v e r ,  p r o v i d i n g  numerous exposure  pathways i n i t i a t e d  through 
i r r i g a t e d  g a r d e n s  and p a s t u r e s .  Seven 4-H c l u b s  i n  t h e  area a s s i s t e d  w i t h  
t h e  s u r v e y  by c o n t a c t i n g  f a m i l i e s  and s c h e d u l i n g  t h e i r  v i s i t s  t o  t h e  mobile  
whole-body c o u n t e r .  The whole-body c o u n t e r  t r u c k  w a s  parked f o r  t h i s  pur- 
pose a d j a c e n t  t o  a f i r e  s t a t i o n  n e a r  t h e  c e n t e r  of  t h e  d i s t r i c t .  
of 344 p e o p l e ,  r a n g i n g  from 2 y e a r s  t o  more than  80 y e a r s  of a g e ,  w a s  
i n c l u d e d  i n  t h e  s u r v e y .  
r i v e r  exposure  t i m e  estimates as  w e l l  as whole-body c o u n t i n g  d a t a .  None 
of t h o s e  examined showed u n u s u a l l y  h i g h  body burdens of  r a d i o n u c l i d e s .  A 
t o t a l  of  2 3  p e o p l e  w a s  found t o  e x h i b i t  65Zn body burdens i n  e x c e s s  of 
10 nCi ,  w i t h  a maximum d e t e c t e d  of  2 3  nCi.  The d i e t  i n f o r m a t i o n  o b t a i n e d  
from t h i s  p o p u l a t i o n  group w i l l  b e  used t o  compute i n d i v i d u a l  d o s e  e s t i -  
mates t o  p e r m i t  e v a l u a t i o n  of  p r o b a b l e  d o s e  d i s t r i b u t i o n s  among t h e  group.  

The s u r -  

Recent poor  f i s h i n g  s u c c e s s  a l o n g  t h e  Columbia reduced t h e  f i s h -  
None were found t o  

A month-long s p e c i a l  s t u d y  w a s  conducted of t h e  d i e t s  and body burdens 

A t o t a l  

The s u r v e y  p rov ided  d i e t  estFinates and a l s o  d i r e c t  

EVALUATION OF EFFORT 

T h i s  s t u d y  i s  b e g i n n i n g  t o  p r o v i d e  d a t a  t h a t  are ex t r eme ly  impor t an t  
f o r  e v a l u a t i n g  t h e  s i g n i f i c a n c e  of v a r i o u s  env i ronmen ta l  pathways.  I t  w i l l  
soon b e  p o s s i b l e  t o  i d e n t i f y  t h e  d o s e  c o n t r i b u t i o n  from v a r i o u s  pathways 
and r a d i o n u c l i d e s  f o r  a v a r i e t y  of s e l e c t e d  p o p u l a t i o n  groups and a g e  g r o u p s .  
The whole-body c o u n t i n g  d a t a  p r o v i d e s  a n  independen t  e v a l u a t i o n  of t h e  
v a l i d i t y  of d i e t  models used i n  env i ronmen ta l  d o s e  estimates. The r e s u l t s  
of  t h i s  s t u d y  s h o u l d  make a fundamental  c o n t r i b u t i o n  t o  env i ronmen ta l  eva lu -  
a t i o n  t e c h n i q u e s  ' i n  a v a r i e t y  of s i t u a t i o n s ,  as w e l l  as p r o v i d i n g  confirma- 
t i o n  o f  t h e  d i e t a r y  and exposure  b a s e s  f o r  Hanford env i ronmen ta l  d o s e  e s t i -  
mates. 

0009954 



V. FUTURE WORK 

1. Plans have been initiated to conduct a dietary and whole-body count- 
ing survey among residents of a seafood-production area along the Pacific 
coast. Tentatively, it is proposed to conduct this study in Tillamook 
County, Oregon, where sizable quantities of oysters, crab meat, and shrimp 
are produced commercially. The area has been included in the Oregon State 
Board of Health’s radiological surveillance program for a number of years, 
providing a good background of analytical data. 
in cooperation with the Oregon State Board of Health. 
bably include students in a local school and the families of employees of 
the local seafood packing companies. 

The survey would be conducted 
The survey will pro- 

2. It would be desirable to extend the survey of coastal communities to 
include an area adjacent to Willapa Bay, Washington. This region produces 
additional kinds of seafood and is located closer to the mouth of the 
Columbia River. 

3 .  The 15,000 entries in the environmental data file provide a unique 
opportunity to study the components of environmental dose. It is planned 
to devise computational programs to examine these data from the viewpoint 
of environmental dose in greater depth than has heretofore been possible. 

4 .  An opportunity is available to examine downstream communities along the 
Columbia River using already developed techniques and equipment. These com- 
munities can be chosen to permit examination of selected exposure pathways 
without the confusion arising from a multiplicity of pathways. 

VI. TOPICAL REPORTS ISSUED 

1. Honstead, J, F., “Mechanisms of Transfer of Radionuclides to Man in the 
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I.  SCOPE AND OBJECTIVES 

T h i s  s t u d y  i s  concerned w i t h  d e f i n i n g  t h e  e x t e n t  t o  which Hanford r e a c t o r  
e f f l u e n t s  a l t e r  t h e  p h y s i c a l  and chemica l  c h a r a c t e r i s t i c s  of  t h e  Columbia 
River. Emphasis h a s  been  p l a c e d  on t h e  d i s p e r s i o n  of t h e  e f f l u e n t s  i n  t h e  
r i v e r ,  t h e  h e a t  l o a d  p l a c e d  on t h e  r i v e r  by t h e  r e a c t o r s ,  and t h e  p e r s i s t e n c e  
of h e a t  and chemica l s  added by t h e  r e a c t o r s  a t  p o i n t s  downstream. Basic d a t a  
o b t a i n e d  i n  t h e t f i e l d  are now b e i n g  used t o  p e r f e c t  ma themat i ca l  models so  
t h a t  e x t r a p o l a t i o n  t o  d i f f e r e n t  r i v e r  and o p e r a t i n g  c o n d i t i o n s  i s  p o s s i b l e  and 
t o  b e t t e r  d e f i n e  t h e  r e s i d u a l  e f f e c t s  of t h e  r e a c t o r s  a t  g r e a t e r  d i s t a n c e s  
downstream. The r e s u l t s  of t h i s  program have d i r e c t  and immediate a p p l i c a t i o n  
i n  t h e  e v a l u a t i o n  of b o t h  c h r o n i c  and unusua l  r e l e a s e s  t o  t h e  r i v e r  and i n  t h e  
a p p r a i s a l  o f  t h e  rea l  and p o s t u l a t e d  s t a t u s  o f  t h e  r i v e r  i n  r e l a t i o n  to  e x i s t -  
i n g  f e d e r a l  g u i d e s  and s t a t e  s t a n d a r d s .  

11. PRIOR WORK 

1. The e x t e n t  t o  which r e a c t o r  power l e v e l s  c a n  b e  e s t i m a t e d  from r i v e r  
t e m p e r a t u r e s  w a s  de t e rmined  and v e r i f i e d .  
b o t h  s t a t i s t i c a l  and of  t h e  i n p u t - o u t p u t  t y p e ,  w a s  used t o  c o r r e l a t e  and p r e -  
d i c t  t h e  e f f e c t  of  r e a c t o r  h e a t  on Columbia R i v e r  t e m p e r a t u r e s .  

A wide r a n g e  of  ma themat i ca l  models ,  

2. Rou t ine  t e m p e r a t u r e  and chemica l  m o n i t o r i n g  si tes were e s t a b l i s h e d  i n  
l o c a t i o n s  where t h e s e  s i n g l e  p o i n t  measurements are r e a s o n a b l y  r e p r e s e n t a t i v e  
of a v e r a g e  c o n d i t i o n s  th roughou t  t h e  c r o s s  s e c t i o n  of t h e  r i v e r .  The i n d i -  
v i d u a l  l o c a t i o n s  were moved and op t imized  t o  p r o v i d e  t h e  b e s t  a v a i l a b l e  
i n f o r m a t i o n  f o r  t h e  s t a t e d  pu rposes  of  t h e  program. 
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3 .  
t o r s  f o r  a t  l eas t  t h r e e  r iver  f low ra tes .  These releases provided  approx- 
imate d i l u t i o n  f a c t o r s  as f a r  downstream a s  t h e  300 Area o v e r  t h e  range  of 
r iver  f low from 40,000 t o  140,000 c f s .  S h o r t  d u r a t i o n  dye a d d i t i o n s  were 
completed a t  each  r e a c t o r  o u t f a l l  f o r  a t  l eas t  two r i v e r  f low ra tes ,  provid-  
i n g  approximate  t i m e  of f low d a t a  as f a r  as t h e  300 Area o v e r  t h e  r ange  of  
r i v e r  f low from 40,000 t o  100,000 c f s .  

Cont inuous dye tests o f  e f f l u e n t  d i s p e r s i o n  were completed f o r  a l l  r eac -  

4 .  Temperature  p rob ing  of a l l  e f f l u e n t  plumes of  t h e  o l d e r  o p e r a t i n g  r e a c t o r s  
was completed and t h e  d a t a  reduced t o  a mathemat ica l  model which d e s c r i b e s  
t h e  d imens ions  and t empera tu re  of t h e  plumes o v e r  a r i v e r  f low range  of  40,000 
t o  200,000 c f s  and f o r  t r a v e l  t i m e s  up t o  1 , 5 0 0  seconds  below t h e  o u t f a l l .  
Exp lo ra to ry  d a t a  i n  t h e  r e g i o n  immediately below t h e  d i s c h a r g e s  were t aken .  

5. D i s so lved  oxygen measurements made d u r i n g  t empera tu re  p rob ing  and i n  
s p e c i a l  c a s e s  f a i l e d  t o  r e v e a l  any s i g n i f i c a n t  i n t e r a c t i o n  between t h e  thermal  
d i s c h a r g e s  and t h e  c o n c e n t r a t i o n  o f  d i s s o l v e d  oxygen i n  t h e  Columbia R ive r .  

6 .  The inpu t -ou tpu t  d i g i t a l  s i m u l a t i o n  model,  o r i g i n a l l y  deve loped  f o r  
a s ses smen t  of  t h e  e f f e c t s  of  t h e  Columbia River c o o l i n g  program w a s  modi f ied  
and improved t o  i n c o r p o r a t e  t h e  e f f e c t s  of  t r i b u t a r y  streams and meteorolog-  
i c a l  c o n d i t i o n s  on a r e g i o n a l  b a s i s .  A d d i t i o n a l  m o d i f i c a t i o n s  were made t o  
pe rmi t  model ing of  r a d i o n u c l i d e  and chemica l  e f f l u e n t  d i s c h a r g e s  from any 
p o i n t  on t h e  Columbia o r  Snake River  w i t h  r e s u l t a n t  estimates of concen t r a -  
t i o n  and t r a v e l  t i m e  as f a r  downstream a s  A s t o r i a ,  Oregon. 

7. S p e c i a l  measurements t a k e n  d u r i n g  t h e  program a t  many p o i n t s  have i l l u s t r a t e d  
t h a t  normal r o u t i n e  t empera tu re  r e c o r d s  a re  n o t  a s u f f i c i e n t  b a s i s  f o r  t h e  
s t u d y  of t h e  t r e n d s  i n  r i v e r  t empera tu res  and t h e  a s ses smen t s  of t h e  m o d i f i c a t i o n s  
from s p e c i f i c  p l a n t  a c t i v i t i e s .  A s  a r e s u l t  a d d i t i o n a l  s t a t i o n s  have been  i n s t a l -  
l e d  and monitor5d v e r y  c a r e f u l l y  i n  o r d e r  t o  a s c e r t a i n  t h e  c a l i b r a t i o n  accu racy  
on a con t inuous  b a s i s .  A n o t a b l e  d r i f t  of accu racy  o c c u r s  in t h e  measurements 
p u b l i s h e d  f o r  Bonnev i l l e  D a m  t o  t h e  e x t e n t  t h a t  t h e  a c t u a l  c o n d i t i o n s  a t  t h a t  
p o i n t  are  n o t  known w i t h  any c e r t a i n t y  s i n c e  1963.  I n s t r u m e n t s  i n s t a l l e d  as 
p a r t  of t h i s  program are  now o p e r a t i n g  a t  N o r t h p o r t ,  Chief  J o s e p h ,  Grand Coulee ,  
Rocky Reach, P r i e s t  Rapids ,  R ich land ,  Pasco ,  Umatil la,  Oregon, and below John 
Day D a m .  The p a s t  r e c o r d  of  t h i s  i n s t a l l a t i o n  compr ises  t h e  b e s t  s i n g l e  ne t -  
work of t empera tu re  d a t a  i n  t h e  Uni ted  S t a t e s .  

8. Tempera ture  e f f e c t s  from t h e  o p e r a t i o n  of  t h e  Hanford P l a n t  were e v a l u a t e d  
w i t h  r e s p e c t  t o  o t h e r  s o u r c e s  of  t he rma l  m o d i f i c a t i o n  of  t h e  Columbia as f a r  
downstream as A s t o r i a ,  Oregon (R ive r  Mile 1 7 ) .  The q u a n t i t a t i v e  f r a c t i o n  
of h e a t  remain ing  i n  t h e  r i v e r  from AEC o p e r a t i o n  was de te rmined  b o t h  s e a s o n a l l y  
and on a p o i n t  by p o i n t  b a s i s  as f a r  downstream as B o n n e v i l l e  Dam (Rive r  Mile 
146 .2) .  G e n e r a l l y ,  a f r a c t i o n  of from 0.2 t o  0.3 of t h e  o r i g i n a l  h e a t  as 
measured a t  Richland  remains a t  Mile 146.  Heat i n p u t  from the  Snake R ive r  is 
a major  f a c t o r  i n  warming of t h e  McNary R e s e r v o i r  i n  t h e  c r i t i c a l  summer months.  
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1. 
of  t h e  COL HEAT s i m u l a t i o n  model w a s  o b t a i n e d  u s i n g  dye releases p r e v i o u s l y  
made d u r i n g  p r e v i o u s  phases  of t h i s  program. The s i m u l a t e d  cu rves  compare 
f a v o r a b l y  w i t h  measurements t a k e n  i n  t h e  r each  between 1904 B and t h e  ACRflS 
a t  300 Area. Th i s  i n d i c a t e s  t h a t  t h e  COL HEAT t r a n s p o r t  sys tem is a reason-  
a b l e  approximat ion  of  water t r a n s p o r t  i n  t h e  IIanford r e a c h  o f  t h e  r i v e r .  
T h i s  work w a s  supplemented by a s t a t i s t i c a l  t r a n s p o r t  model d e r i v e d  from 
m u l t i p l e  s i m u l t a n e o u s  f i t t i n g  of  a number of releases w i t h  r e s p e c t  t o  t i m e  
u s i n g  t h e  LEARN-LIKELY code.  
c i e n t s  which are of v a l u e  i n  a s ses smen t  of t h e  t u r b u l e n c e  c h a r a c t e r i s t i c s  
of t h e  Columbia and streams i n  g e n e r a l .  

A d d i t i o n a l  p r o g r e s s  i n  t h e  v e r i f i c a t i o n  of  t h e  b a s i c  t r a n s p o r t  mechanics  

Th i s  model produces i n t e g r a t e d  mixing c o e f f i -  

2 .  
f o r  t h e  e s t i m a t i o n  of  t h e  downstream the rma l  e f f e c t s  of s p e c i f i c  releases 
a t  100 K.  P r e v i o u s  work w a s  v e r i f i e d  and ex tended ,  and new remote s e n s i n g  
developments  u s i n g  b o t h  p h o t o m u l t i p l i e r  dye  enhancement and i n f r a r e d  were 
employed. A g r e a t  d e a l  of  new i n f o r m a t i o n  p e r t i n e n t  t o  e f f l u e n t  model ing 
was g e n e r a t e d  which is of  v i t a l  i n t e r e s t  n o t  o n l y  t o  t h i s  o p e r a t i o n  but  t o  
o t h e r  AEC programs as w e l l .  

Much p r o g r e s s  w a s  made i n  t h e  development of  mixing and t r a n s p o r t  models 

3 .  
J u l y  through September i n  o r d e r  t o  a v a l u a t e  t h e  d e n s i t y  c u r r e n t  regimen of 
t h e  computer s i m u l a t i o n  model. Cont inued poor  and u n u s u a l l y  c o l d  wea the r  
d e f e a t e d  r a t i o n a l  s t u d y  of t h e  d a t a  c o l l e c t e d  i n  r e l a t i o n  t o  more normal 
y e a r s .  Tempera ture  t r a n s v e r s e s  were a l s o  t a k e n  a t  t h e  Oregon-Washington 
b o r d e r  on McNary R e s e r v o i r  i n  o r d e r  t o  p r o v i d e  i n p u t  t o  s t u d i e s  of t h e  
r e s i d u a l  e f f e c t s  of t h e  thermal  m o d i f i c a t i o n  i n  t h e  P l a n t  r each .  

Tempera ture  and c u r r e n t  measurements were made i n  Wanapum R e s e r v o i r  from 

4 .  
oxygen c o n c e n t r a t i o n  i n  water p a s s i n g  through t h e  Hanford r e a c h  are  now w e l l  
deve loped .  The p r e s e n c e  of  s u p e r s a t u r a t i o n  can  b e  e x p l a i n e d  as a combina t ion  
of a b s o r p t i o n  below t h e  s p i l l w a y  and ve ry  s low e q u i l i b r a t i o n  o f  t h e  mean 
sample  as i t  is exposed t o  t h e  s u r f a c e  i n  t h e  f lowing  r i v e r .  S u p e r s a t u r a t i o n  
r e p r e s e n t s  t h e  c o n c e n t r a t i o n  of s a t u r a t e d  water a t  t h e  mean dep th  of t h e  
stream. A computer model f o r  r e l a t i n g  t h e s e  e f f e c t s  t o  dam o p e r a t i o n s  p rac -  
t i ces  and e f f l u e n t  releases is b e i n g  developed .  

The basic c o h c e p t s  f o r  model ing t h e  i n c r e a s e  i n  d i s s o l v e d  n i t r o g e n  and 

5. A s ta r t  was made on t h e  d e t e r m i n a t i o n  of  c o s t s  of  a l t e r n a t e  modes of 
r i v e r  o p e r a t i o n  t o  d e c r e a s e  t r a n s i e n t  c o n c e n t r a t i o n s  of t empera tu re  o r  
r a d i o n u c l i d e s  r e s u l t i n g  from peak ing  o p e r a t i o n s  a t  P r i e s t  Rapids  Dam.  
Data on c o s t s  are  b e i n g  accumulated and a l i n e a r  programming model used 
t o  a p p o r t i o n  cost f a c t o r s  i n  r e l a t i o n  t o  c o n s t r a i n t s  of  i n t e r e s t  t o  t h e  
Hanford o p e r a t i o n .  
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The comprehensive program concerned w i t h  t empera tu re  changes i n  t h e  
Columbia R ive r  and t h e  r e l a t i v e  s i g n i f i c a n c e  of t h e  Hanford r e a c t o r s  t o  
t h e  t empera tu res  of  t h e  Columbia River  a t  p o i n t s  f a r  removed from t h e  P l a n t  
boundar i e s  has  p e r m i t t e d  t h e  development of  a l e v e l  of t e c h n i c a l  ach ieve -  
ment which i s  s ta te  of t h e  a r t .  T h i s  i n c l u d e s  t h e  e r e c t i o n  and c a l i b r a t i o n  
of a sys tem o f  the rma l  measurement s t a t i o n s  which have  been  i n s t a l l e d  and 
ma in ta ined  i n  s u p p o r t  of t h e  development of  a t r u l y  f a c t u a l  p o s i t i o n  un- 
e x c e l l e d  anywhere i n  t h e  conterminous  Uni ted  States .  

The a b i l i t y  of  t h e  P l a n t  s t a f f  t o  u s e  t h e  r e s u l t i n g  ma themat i ca l  t o o l s  
t o  e f f e c t i v e l y  conduct  s e l f - a n a l y s i s  of e f f l u e n t  e f f e c t s  t o  a h i g h e r  d e g r e e  
of s o p h i s t i c a t i o n  t h a n  t h e  a s s o c i a t e d  r e g u l a t o r y  a g e n c i e s  p e r m i t t e d  h a s t y  
a c t i o n  t o  b e  f o r e s t a l l e d  and a modera te  p o s i t i o n  developed  i n  r e g u l a t o r y  
a c t i v i t y  . 

New knowledge conce rn ing  t h e  thermal  i n f l u e n c e  of r e l a t i v e l y  remote 
p h y s i c a l  developments  of t h e  r iver  b o t h  above and below t h e  P l a n t  p e r m i t t e d  
i n s i g h t  i n t o  h i s t o r i c a l  t empera tu re  t r e n d s  i n  r e l a t i o n  t o  f i s h e r i e s  r e s o u r c e s .  
A f a c t u a l  b a s i s  f o r  s t u d y  of  t empera tu re  t r e n d s  i n  r e l a t i o n  t o  v a r i o u s  
c o n t r i b u t i n g  s o u r c e s  of  f l u c t u a t i o n s  i n  f i s h e r i e s  w a s  e s t a b l i s h e d .  

With a s s i s t a n c e  p rov ided  by new c l a s s i f i c a t i o n  i n t e r p r e t a t i o n s ,  a 
d e t a i l e d  d e s c r i p t i o n  of t h e  mixing p r o c e s s e s  i n  t h e  immediate  v i c i n i t y  of  
t h e  P l a n t  o u t f a l l s  was made a v a i l a b l e  f o r  p u b l i c  s t u d y ,  and a n c i l l a r y  math- 
ematical models f o r  d e s c r i b i n g  a wide r ange  of f i s h e r i e s  ana  o t h e r  p o l l u t i o n a l  
a s p e c t s  were e s t a b l i s h e d .  

V. FUTURE WORK 

F i s c a l  1970 
I 

1. 
ment of plume d i s p e r s i o n  models c u r r e n t l y  under  development .  
advan tage  of i n f r a r e d  and p h o t o m u l t i p l i e r  imagery is b e i n g  used  t o  deve lop  
improved methods of  d e t e r m i n i n g  mixing c o e f f i c i e n t s  and new approaches .  The 
r e s e a r c h  p l a n  i n c l u d e s  v e r i f i c a t i o n  of  t h e  p r o b a b i l i t y  of f i s h  i n v o l u n t a r i l y  
e n t e r i n g  t h e  mixing zone.  

Cont inued pr imary  emphasis  w i l l  b e  p l aced  on t h e  p u b l i c a t i o n  and r e f i n e -  
The maximum 

2. The chemica l  and r a d i a t i o n  v e r s i o n  of t h e  b a s i c  COL HEAT model w i l l  b e  
deve loped  t o  improve t h e  l o n g i t u d i n a l  d i s p e r s i o n  c a p a b i l i t y  so t h a t  t h e  
computer sys t em c a n  recreate 
of t i m e  and s p a c e  w i t h i n  s t a n d a r d  d e v i a t i o n  of t h e  i n s t r u m e n t  e r r o r s .  

measured downstream c o n c e n t r a t i o n s  as a f u n c t i o n  

3 .  
iaent of  non- l inea r  r e g r e s s i o n  models f o r  t e m p e r a t u r e ,  f l ow and h e a t  f l u x  
f i t t e d  t o  a n n u a l  d a t a  sets f o r  t h e  Columbia River i n  o r d e r  t o  e x p l a i n  t r e n d s  
i n  r e g i o n a l  t empera tu re  e f f e c t s  which can b e  a s s o c i a t e d  w i t h  g l o b a l  phenom- 
enon which had p r e v i o u s l y  been  a s s o c i a t e d  w i t h  t h e  a c t i v i t i e s  of  t h e  Hanford 
P l a n t .  

Work w i l l  c o n t i n u e  and a r e p o r t  w i l l  b e  p u b l i s h e d  summarizing t h e  deve lop-  
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4. 
effects of John Day and the dissolved gas transport model are planned for 
issue before July 1, 1970. 

Reports summarizing studies on the McNary Reservoir, the simulation of 
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