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RADIOLOGICAL STATUS OF THE GROUNDWATER 

BENEATH THE HANFORD PROJECT 

JULY-DECEMBER, 1969  

D. H .  Denham 

INTRODUCTION 

T h i s  r e p o r t  i s  p r e p a r e d  s e n i i a n n u a l l y  t o  p r o v i d e  an 

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

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

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

1 9 6 9 ;  t h e  p r e v i o u s  r e p o r t  i n  t h i s  s e r i e s  was 6 ~ ~ ~ - 1 2 3 3 ( ~ ) .  

O f  t h e  we1 1s t h a t  h a v e  b e e n  d r i l l e d  t o  g r o u n d w a t e r  on  t h e  

H a n f o r d  p r o j e c t ,  a b o u t  2 5 0  a r e  u s e d  f o r  t h e  r o u t i n e  s u r v e i l -  

1  a n c e  o f  r a d i  o n u c l  i de movemen t  t h r o u g h  t h e  s e d i  men t s  b o t h  a b o v e  

a n d  b e l o w  t h e  r e g i o n a l  w a t e r  t a b l e .  A p p r o x i m a t e l y  o n e - t h i  r d  

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

s i t u a t e d  on  t h e  i n t e r i o r  p l a t e a u  12  t o  15 m i l e s  u p - g r a d i e n t  

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

t o  d e t e r m i n e  when a  d i s p o s a l  f a c i l i t y  i s  t o  b e  r e t i r e d .  A l l  

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

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

The  l o c a t i o n s  o f  w e l l s  r e f e r r e d  t o  i n  t h i s  r e p o r t  may b e  f o u n d  

b y  r e f e r r i n g  t o  t h e  H a n f o r d  W e l l s  d o c u m e n t ( 2 ) .  

I t  i s  assumed t h a t  l o 6 ~ u ,  3 H ,  a n d  t h e  n i t r a t e  i o n  ( N O 3 - )  

move a t  e s s e n t i a l l y  t h e  same r a t e  as g r o u n d w a t e r .  I n  a d d i t i o n ,  

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



r e 1  a t i  v e  t o  t h e i  r r e s p e c t i v e  d r i n k i n g  w a t e r  s t a n d a r d s .  T h e r e -  

f o r e ,  lO6Ru ,  3H, a n d  NO,' a r e  u s e d  t o  t r a c e  t h e  g r o u n d w a t e r  

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

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

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

w a s t e s .  A l l  g r o u n d w a t e r  s a m p l e s  w e r e  a n a l y z e d  b y  t h e  T e c h n i c a l  

A n a l y s i s  S e c t i o n ,  B a t t e l  l e - N o r t h w e s  t. 

'SUMMARY 

An e v a l u a t i o n  o f  l o 6 R u  a n d  c o n c e n t r a t i o n s  m e a s u r e d  i n  

t h e  u n c o n f i n e d  g r o u n d w a t e r  d u r i n g  t h e  l a s t  h a l f  o f  1 9 6 9  shows 

t h a t  t h e  z o n e s  o f  d e t e c t a b l e  c o n t a m i n a t i o n  e x t e n d  i n  a  s o u t h -  

e a s t e r l y  d i r e c t i o n  f r o m  200 -E  A r e a  ( F i g u r e s  1  a n d  2 )  as o b s e r v e d  

i n  t h e  p a s t ( ' ) .  The f e w  l o c a t i o n s  f r o m  w h i c h  a v e r a g e  g r o u n d -  

w a t e r  c o n c e n t r a t i o n s  e x c e e d e d  t h e  C o n c e n t r a t i o n  G l ~ i d e  (CG) f o r  

l O 6 R u  w e r e  a l l  w i t h i n  e i t h e r  t h e  200 -E  o r  200-W A r e a s .  W a t e r  

f r o m  o n l y  o n e  w e l l  l o c a t e d  o u t s i d e  o f  t h e  2 0 0  A r e a  f e n c e s  

( # 6 9 9 - 3 5 - 7 0 )  i n d i c a t e d  a  c o n c e n t r a t i o n  g r e a t e r  t h a n  t h e  CG. 

The h i g h e s t  a v e r a g e  c o n c e n t r a t i o n  o f  5 1 C r  m e a s u r e d  i n  u n c o n f i n e d  

g r o u n d w a t e r  w i t h i n  o r  n e a r  t h e  1 0 0  A r e a s  ( W e l l  1 9 9 B - 5 - 1 )  was 

l e s s  t h a n  1 0 %  o f  t h e  C G  f o r  5 1 ~ r  ( 2 0 0 0  p ~ i / m l ) ( 3 ) .  Concen-  

t r a t i o n s  o f  u r a n i u m ,  t h e  p r i n c i p a l  r a d i o n u c l  i d e  o b s e r v e d  i n  3 0 0  

A r e a  g r o u n d w a t e r ,  a v e r a g e d  l e s s  t h a n  0.5 p C i / m l  ( < 3 %  C G ) .  

A1 t h o u g h  w a t e r  f r o m  s e v e r a l  we1  1s  w i t h  p i e z o m e t e r s  was 

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

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



W a t e r  s a m p l e s  s h o w i n g  d e t e c t a b l e  ,H c o n c e n t r a t i o n s  i n  c o n f i n e d  

g r o u n d w a t e r  zones w e r e  f r o m  we1 1  s  699 -24 -1 -S ,  -28 -40 -P ,  

- 2 8 - 4 0 - 4 ,  and  - 3 6 - 4 6 - 4 .  

N i t r a t e  i o n  c o n c e n t r a t i o n s  g r e a t e r  t h a n  1 0 %  o f  t h e  P u b l i c  

H e a l t h  S e r v i c e  recommended d r i n k i n g  w a t e r  l i m i t  o f  45 ppm(4) 

we re  o b s e r v e d  i n  m o s t  g r o u n d w a t e r  s a m p l e s  f r o m  we1 1s  s u r r o u n d i n g  

t h e  200 A r e a s .  W a t e r  f r o m  a  number  o f  w e l l s  showed NO, - 
c o n c e n t r a t i o n s  g r e a t e r  t h a n  45 ppm, e s p e c i a l l y  a r o u n d  t h e  

d i s p o s a l  s i t e s  and t h e  390 Area.  However ,  g r o u n d w a t e r  f r o m  

t h e s e  zones  i s  n o t  consumed b y  humans o r  a n i m a l s .  

EVALUATION OF GROUNDUATER SURVEILLANCE DATA 

Rad i  o n u c l  i d e  c o n c e n t r a t i o n s  i n  t h e  g r o u n d w a t e r  b e n e a t h  

H a n f o r d  a r e  e v a l u a t e d  i n  t e r m s  o f  t h e i r  r e s p e c t i v e  CG's,  w h i l e  

t h e  NO,' c o n c e n t r a t i o n s  a r e  compared  t o  t h e  P H s  d r i n k i n g  w a t e r  

s t a n d a r d .  I t  i s  r e c o g n i z e d  t h a t  t h e s e  g u i d e s  a r e  i n t e n d e d  o n l y  

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

c o n t a m i n a t e d  zones  ( F i g u r e s  1 - 3 )  i s  u s e d  f o r  human o r  a n i m a l  

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

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

b o r n e  m a t e r i a l s .  The CG's u s e d  i n  t h i s  r e p o r t  a r e  t h o s e  w h i c h  

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

The g r o u n d w a t e r  c o n t a m i n a t i o n  p a t t e r n  b e n e a t h  H a n f o r d  can  

be  d i v i d e d  l o g i c a l l y  i n t o  t h r e e  zones ,  b a s e d  on t h e  k i n d s  and  

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



200 Area (chemical  p r o c e s s i n g  a r e a s )  and a s s o c i a t e d  600 
Area w e l l s  

100 Area ( p r o d u c t i o n  r e a c t o r  a r e a s )  and a s s o c i a t e d  600 
Area w e l l s  

300 Area ( f u e l  f a b r i c a t i o n  and l a b o r a t o r y  a r e a )  w e l l s .  

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

p r e s e n t e d  i n  t h i s  r e p o r t .  

Data from a l l  w e l l s  f o r  which average t o t a l  b e t a ,  3 H ,  o r  
- 

N O ,  c o n c e n t r a t i o n s  were above the  r e s p e c t i v e  a n a l y t i  c a l  1 imi t s  

a r e  t a b u l a t e d  i n  t h i s  r e p o r t .  All  100 Area a n d  a s s o c i a t e d  600 

Area w e l l s  r o u t i n e l y  sampled a r e  l i s t e d  - i n  Table 4 a long  wi th  

t h e  c o n c e n t r a t i o n  d a t a  f o r  those  w e l l s  showing d e t e c t a b l e  

a c t i v i t y .  In a d d i t i o n ,  t h e  average c o n c e n t r a t i o n  d a t a  f o r  b o t h  

h a l v e s  of c a l e n d a r  y e a r  1969 a r e  shown i n  Tables  2 ,  3 ,  a n d  4 

f o r  r a p i d  comparison of the  r e s p e c t i v e  t r e n d s .  A number of 

o t h e r  we1 l s ,  p a r t i c u l a r l y  those  immediately a d j a c e n t  t o  the  

ou te rmos t  down-gradient  con tours  shown i n  t h e  accompanying 

f i g u r e s ,  were sampled a n d  ana lyzed o n  a  r o u t i n e  s c h e d u l e .  

However, because  t h e  r e s u l t s  were below t h e  r e s p e c t i v e  a n a l y t i  ca l  

l i m i t s ,  n o  d a t a  were t a b u l a t e d .  

200 A R E A  A N D  ASSOCIATED 600 A R E A  WELLS 

Groundwater samples col l e c t e d  from w e l l s  w i t h i n  a n d  nea r  

t h e  zone i n  which 200 Area e f f l u e n t s  a r e  p r e s e n t  a r e  analyzed 
- 

f o r  t o t a l  b e t a ,  ,H, and N O ,  . The t o t a l  b e t a  a c t i v i t y  i s  

c a l c u l a t e d  as l o 6 R u ,  s i n c e  r a d i  ochemi ca l  a n a l y s e s  have s h o w n  

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



a c t i v i t y *  i n  t h i s  g r o u n d w a t e r  zone.  G r o u n d w a t e r  s a m p l e s  f r o m  

b e n e a t h  some i n a c t i v e  a n d  a11  o f  t h e  a c t i v e  c r i b  s i t e s  ( T a b l e  1 )  

a r e  a n a l y z e d  f o r  t o t a l  a l p h a ,  6 0 C o ,  9 0 ~ r ,  a n d  1 3 7 C s ,  i n  

a d d i t i o n  t o  t o t a l  b e t a ,  3H, and  NO3'. 

TABLE I .  A c t i v e  Disposal  S i t e s - - C r i b s ,  D i t c h e s ,  
Ponds, Swamps 

2 0 0  E a s t  A r e a  

S i  t e  D e s i g n a t i o n  

P u r e x  B  P l a n t  

2 0 0  West  A r e a  

S i t e  D e s i a n a t i o n  

Redox - U P l a n t  

216-S-6  
216 -S -11  
216 -S -16  
216 -S -19  
216 -S -21  
216 -S -23  

T  P l a n t  
2x?i'=T 
2 1 6 - T - 1 9  
216 -T -35  
2 1 6 - T - 3 6  

Z P l a n t  

No d e t e c t a b l e  (> f ) .03  p C i / m l )  c o n c e n t r a t i o n s  o f  1 3 7 C s  w e r e  

o b s e r v e d  i n  g r o u n d w a t e r  s a m p l e s  c o l l e c t e d  f r o m  t h e  200  A r e a  

d i s p o s a l  s i t e s  d u r i n g  t h e  l a s t  h a l f  o f  1 9 6 9 .  G r o u n d w a t e r  n e a r  

o n l y  o n e  c r i b  s i t e  ( 2 1 6 - A - 3 6 B )  i n d i c a t e d  an  a v e r a g e  9 0 S r  

c o n c e n t r a t i o n  (0 .05  p C i / m l )  a b o v e  t h e  d e t e c t i o n  1 i m i  t ( 0 . 0 3  

p C i / m l )  d u r i n g  t h e  l a s t  h a l f  o f  1969 .  Low b u t  d e t e c t a b l e  a l p h a  

c o n c e n t r a t i o n s  w e r e  o b s e r v e d  b e n e a t h  t h e  2 1 6 - T - 3 2  c r i b  ( 0 . 0 3 4  

* Not incZud ing  3 ~ ,  whose low energy b e t a  e m i s s i o n  does n o t  
c o n t r i b u t e  t o  t h e  t o t a l  b e t a  a c t i v i t y  measured. 



!i7ABLE 2 .  Average  T o t a l  B e t a ,  T r i t i u m ,  and  N i t r a t e  - 
I o n  ( N O g  ) C o n c e n t r a t i o n s  i n  6 0 0  Area  WeZZs 

T o t a l  T r i  t i  u m  
- 

NO, 

W e l l  No. 
( 6 9 9 - )  ~ e c - ' 6 9  J u n  ' 6 9  ~ e c " ' 6 9  J u n  ' 6 9  

A n a l y t i  c a l  
L i  mi t s  ( b )  



TABLE 2 .  ( c o n t ' d )  

T o t a l  B e t a  T r i  t i  um 
( p C i  j m l  ) ( p C i  j r 1 1  ) 

W e l l  No. J u l y -  J a n -  J u l y -  ,? 3~ - J u l y -  J a n -  
(:Fa; 

( 6 9 9 - )  D e c 1 6 3  J u n 1 6 9  D e c 1 6 9  , J u n 1 6 9  D e c ' 6 3  J u n 1 6 3  

( a )  CaZcuZated a s  l o 6 ~ u .  
( b )  A ( - )  i n d i c a t e s  t h a t  t h e  c o n c e i z t r a t i o n  z3as l e s s  t % a n  

tize a n a l y  t i c a l  Z i m i  t .  
( c )  No a n a l g s e s  were  ~ e r f o r m e d  d u r i n g  s i x - m o n t h  p e r i o d .  



BNWL- 1392 

p C i / m l )  and t h e  216 -5 -21  c r i b  (0 .083 p C i / m l ) .  The h i g h e s t  

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

w e r e  o b s e r v e d  a t  t h e  216-A-36B c r i b  ( 4 5  p C i / m l )  i n  200 E a s t  

A r e a  a n d  a t  t h e  216-T-35 c r i b  ( 1 7  p C i / m l )  i n  200 West  Area.  

(An a v e r a g e  t o t a l  b e t a  c o n c e n t r a t i o n  o f  3600 p C i / m l  was o b s e r v e d  

b e n e a t h  t h e  r e t i  r e d  216 -5 -9  c r i b . )  

T o t a l  B e t a  C o n c e n t r a t i o n s  ( u n c o n f i n e d  a q u i f e r ]  

T o t a l  b e t a  c o n c e n t r a t i o n s  a r e  shown i n  F i g u r e  1  f o r  zones 

o f  2  t o  10%.  1 0  t o  100%.  and > l o o %  o f  t h e  C G  f o r  l o 6 R u  ( 1 0  

p ~ i / m 1 ) ( 3 ) .  The o u t e r  b o u n d a r y  o f  e a c h  zone i s  t h e  d o w n - g r a d i e n t  

edge  and r e p r e s e n t s  2%,  l o % ,  and  100% C G ,  r e s p e c t i v e l y .  The 

l o w e s t  l e v e l  shown ( 2 %  CG) c o r r e s p o n d s  t o  a  t o t a l  b e t a  c o n c e n -  

t r a t i o n  o f  0.2 p C i / m l .  

A c o m p a r i s o n  o f  c o n t a m i n a t i o n  c o n t o u r s  f o r  t h e  s i x - m o n t h  

p e r i o d s  e n d i n g  J u n e  1969 and December 1969,  i n d i c a t e s  t h a t  t h e  

m a j o r  f l o w  p a t h  f r o m  2 0 0 - E a s t  A r e a  i s  t o  t h e  w e s t  o f  W e l l s  699-  

32-42 and - 3 3 - 4 2 ,  c o n t r a r y  t o  t h a t  shown i n  p r e v i o u s  r e p o r t s .  

The i n n e r  c o n t o u r  ( 1 0 %  CG) s o u t h e a s t  o f  t h e  2 0 0 - E a s t  A r e a  has  

d e c r e a s e d  i n  a r e a .  

T r i  t i  um C o n c e n t r a t i o n s  ( u n c o n f i n e d  a q u i  f e r l  

T r i t i u m  c o n c e n t r a t i o n s  a r e  shown i n  F i g u r e  2  f o r  zones  o f  

0.03 t o  1%,  1  t o  l o % ,  10 t o  100% and > l o o %  o f  t h e  C G  ( 3 0 0 0  

p ~ i / r n l ) ( ~ ) .  The o u t e r  b o u n d a r y  o f  e a c h  zone i s  t h e  d o w n - g r a d i e n t  

edge  and  r e p r e s e n t s  0.03%, 1%,  l o % ,  and 100% C G ,  r e s p e c t i v e l y .  



A  c o m p a r i s o n  o f  c o n c e n t r a t i o n  c o n t o u r s  f o r  t h e  s i  x - m o n t h  

p e r i o d  e n d i n g  D e c e m b e r  1 9 6 9  i n d i c a t e s  t h a t  t h e  f o l l o w i n g  

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

J u n e  1 9 6 9 :  E a s t  A r e a - - T h e  o u t e r m o s t  c o n t o u r  ( 0 . 0 3 %  CG) n o  

l o n g e r  i n c l u d e s  L J e l l s  6 9 9 - 5 0 - 4 2 ,  - 5 4 - 5 7 ,  a n d  - 6 0 - 6 0 ;  a n d  t h e  

1  t o  1 0 %  c o n t o u r  h a s  s h i f t e d  e a s t w a r d  t o  e x c l u d e  w e l l  6 9 9 - 2 8 - 4 0 .  

W e s t  A r e a - - T h e  o u t e r  b o u n d a r y  ( 0 . 0 3 %  CG) h a s  e x p a n d e d  t o  i n c l u d e  

W e l l s  6 9 9 - 3 4 - 8 8  a n d  - 3 7 - 8 2 A .  

T h e  c o n c e n t r a t i o n  z o n e  b o u n d a r i e s  s h o w n  i n  F i g u r e s  1  a n d  

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

i s  p r e s e n t  i n  t h e  g r o u n d w a t e r  b e y o n d  t h e s e  o u t e r  b o u n d a r i e s .  

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

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

a r e  t o o  l o w  t o  b e  m e a s u r e d  b y  c u r r e n t  t e c h n i q u e s  i n  t h e  g r o u n d -  

w a t e r  o r  i n  t h e  r i v e r .  

C o n t a m i n a t i o n  i n  C o n f i n e d  G r o u n d w a t e r  

S a m p l e s  t a k e n  i n  p a s t  y e a r s  f r o m  w e l l s  p e n e t r a t i n g  

s p e c i  f i  c  a q u i f e r s  h a v e  i n d i  c a t e d  t h a t  some r a d i o a c t i v e  w a s t e s  

may b e  e n t e r i n g  c o n f i n e d  a q u i f e r s  b e n e a t h  t h e  H a n f o r d  p r o j e c t .  

The  e x t e n t  t o  w h i c h  s u c h  w a s t e s  a p p e a r  i n  c o n f i n e d  o r  s e m i -  

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

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

w i t h  t h e  p r e s e n t  we1 1  s y s t e m .  



T A B L E  3. Average T o t a l  B e t a  and 6 0 ~ o  C o n c e n t r a t i o n s  
i n  Uncon f ined  Groundwater  W i t h i n  t h e  200  Areas  

Tota l   eta(^) Co 
We1 1 No. (pCi /ml )  (pCi /ml ) 

( 2 9 9 - )  J u l y - D e c ' 6 9  J a n - J u n e ' 6 9  Ju ly -Dec '69  J-an- J u n e ' 6 9  

A n a l y t i c  1 
~ i  mi t s  ( b  f 

( a )  C a l c u l a t e d  a s  l o 6 ~ u .  
( b )  A ( - 1  i n d i c a t e s  t h a t  t h e  c o n c e n t r a t i o n  was l e s s  t h a n  t h e  

a n a l y t i c a l  l i m i t .  
( c )  S i n g l e  a n a l y s i s  d u r i n g  s i x - m o n t h  p e r i o d .  
( d )  No a n a l y s e s  were  pe r fo rmed  d u r i n g  s i x - m o n t h  p e r i o d .  



W a t e r  s a m p l e s  f r o m  s p e c i f i c  a q u i f e r s  a r e  o b t a i n e d  f r o m  

e i t h e r  v e r t i  c a l  l y  s e p a r a t e d  t u b e s  ( p i e z o m e t e r s )  c o n t a i n e d  

w i t h i n  a  s i n g l e  we1 1  o r  f r o m  p i e z o m e t e r  t u b e s  d r i l l e d  as 

s e p a r a t e  w e l l s .  T h e r e  i s  n o  c e r t a i n t y  t h a t  t h e  v e r t i c a l  

s e p a r a t i o n  o f  p i e z o m e t e r  t u b e s  i f  i n f a l l i b l e ;  and ,  i n  f a c t  

~ l i a s o n ( ~ )  has  shown  t h a t  i n t e r a q u i f e r  t r a n s f e r  w i t h i n  a  w e l l  

does  o c c u r .  

T o t a l  b e t a  c o n c e n t r a t i o n s  i n  s a m p l e s  t a k e n  a t  v a r i o u s  

d e p t h s  ( i n  some i n s t a n c e s  f r o m  c o n f i n e d  a q u i f e r s )  b e l o w  t h e  

w a t e r  t a b l e  w e r e  a l l  a t  o r  b e l o w  t h e  d e t e c t i o n  l i m i t  ( < 2 %  C G  

f o r  l O 6 R u )  f o r  t h e  l a s t  s i x  m o n t h s  o f  1 3 6 9 .  The  m a x i m u ~ n  s i x -  

m o n t h  a v e r a g e  3 H  c o n c e n t r a t i o n  i n  w e l l  w a t e r  f r o m  a  c o n f i n e d  

a q u i f e r  was 2.5 p C i / m l  ( < 0 . 1 " / 3 f  t h e  C G  f o r  3H)  i n  w e l l  6 9 9 -  

24 -1 -S  i n  a  z o n e  260  f e e t  b e l o w  t h e  w a t e r  t a b l e .  I n  t h e  p a s t  

t h e  maximum 3H c o n c e n t r a t i o n s  i n  c o n f i n e d  g r o u n d w a t e r  z o n e s  

w e r e  r e p o r t e d  f r o m  w e l l s  6 9 9 - 3 1 - 3 1 - R  o r  699 -42 -42 -P .  H o i ~ e v e r ,  

a  r e c e n t  studyi5) i n d i c a t e s  t h a t  i n t e r a q u i f e r  t r a n s f e r  o c c u r s  

w i t h i n  t h e s e  w e l l s ;  h e n c e ,  c o n c e n t r a t i o n s  r e p o r t e d  i n  t h e  p a s t  

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

a q u i  f e r .  

G r o u n d w a t e r  Q u a l i t y  - 
The d i s p o s a l  o f  l i q u i d  w a s t e s  t o  t h e  g r o u n d  h a s  c a u s e d  

m e a s u r a b l e  c h a n g e s  i n  g r o u n d w a t e r  q u a l i t y  a d j a c e n t  t o  a n d  down- 

g r a d i e n t  f r o m  t h e  d i s p o s a l  s i t e s .  H a t e r  q u a l i t y  i s  d i r e c t l y  . 



BNWL- 1392  

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

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

The a v e r a g e  c o n c e n t r a t i o n s  o f  NO,' i n  t h e  g r o u n d w a t e r ,  p r i  m a r i  l y  

f r o m  t h e  d i s p o s a l  o f  w a s t e s  i n  t h e  2 0 0  A r e a s ,  a r e  g i v e n  i n  

T a b l e  2. 

The e x t e n t  o f  NO,' c o n t a m i n a t i o n  i n  t h e  g r o u n d w a t e r  b e n e a t h  
I 

t h e  H a n f o r d  p r o j e c t  i s  shown i n  F i g u r e  3. A n a l y s e s  o f  much o f  

t h e  H a n f o r d  p r o j e c t  g r o u n d w a t e r  i n d i c a t e  d e t e c t a b l e  NO3' c o n c e n -  

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

o f  f e r t i l i z e r s  i n  a d d i t i o n  t o  t h e  d i s p o s a l  o f  w a s t e s  i n  t h e  2 0 0  

A r e a s .  H o w e v e r ,  o n l y  t h o s e  w e l l s  h a v i n g  a v e r a g e  NO,' c o n c e n -  

t r a t i o n s  a b o v e  1  ppm a r e  i n c l u d e d  w i t h i n  t h e  c o n t a m i n a t i o n  z o n e s  

s i n c e  t h e s e  a r e  m o s t  p r o b a b l y  f r o m  w a s t e  d i s p o s a l  i n  t h e  200  

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

a r e a  shows NO,- c o n c e n t r a t i o n s  a b o v e  t h e  P u b l i c  H e a l t h  S e r v i c e  

recomniended  d r i n k i n g  w a t e r  l i m i t  o f  4 5  p p m ( 4 1 ,  n o  w a t e r  f r o m  

t h e s e  p a r t i c u l a r  w e l l s  i s  consumed  b y  humans o r  a n i m a l s  o r  i s  

u s e d  f o r  i r r i  g a t i  on. 

1 0 0  AREA AND ASSOCIATED 6 0 0  AREA WELLS 

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

100  A r e a s  i s  due  t o  l e a k s  i n  r e a c t o r  e f f l u e n t  s y s t e m s  a n d  t o  

d i s p o s a l  o f  w a s t e s  t o  t r e n c h e s .  We1 1  w a t e r  s a m p l e s ,  c o l l e c t e d  

f r o m  w i t h i n  a n d  n e a r  t h e  1 0 0  A r e a s ,  w e r e  a n a l y z e d  f o r  t o t a l  

b e t a ,  5 1 C r ,  a n d  c r f 6 .  I n  a d d i t i o n ,  w e l l s  l o c a t e d  i n  1 0 0 - N  A r e a  

w e r e  a n a l y z e d  f o r  %. 



The e s t i m a t e d  e x t e n t  of d e t e c t a b l e  t o t a l  b e t a  r a d i o a c t i v i t y  

i n  groundwater  beneath t h e  100 Areas i s  shown as a  s h o r t - d a s h e d  

l i n e  i n  Figure  1 .  Three contaminated zones can be d i s t i n g u i s h e d :  

100-K-100-N, 100-B ,  and 1 0 0 - D ,  wi t h  t h e  r ad i  o a c t i  vi t y  l e v e l  

d e c r e a s i n g  i n  t h a t  o r d e r .  Radionucl i  de c o n c e n t r a t i o n s  i n  

groundwater  a t  1 0 0 - 6  have dropped s i g n i f i c a n t l y  as a  r e s u l t  

of  the  shutdown of C Reactor  i n  t h e  s p r i n g .  As f a r  as t o t a l  

b e t a  a c t i v i t y  i s  concerned,  t h e s e  zones were well  de f ined .  

However, i n c o n s i s t e n t  d a t a  were ob ta ined  from t h e  5 1 C r  and 

~ r + ~  a n a l y s e s ,  s o  t h e s e  a r e  n o t  shown i n  t h e  accompanying 

f i g u r e s  o r  i n  Table 4. The c o n c e n t r a t i o n  of 5 1 C r ,  the  only 

gamma-emitting r a d i o n u c l i d e  d e t e c t a b l e  by r o u t i n e  methods, 

was found t o  be approximate ly  an o r d e r  of  magnitude l a r g e r  

t h a t  t h e  t o t a l  b e t a  ( c a l c u l a t e d  as l o 6 R u )  c o n c e n t r a t i o n .  A n  

e s t i m a t e  of  t h e  maximum average 51Cr c o n c e n t r a t i o n  f o r  t h e  

l a s t  h a l f  of 1 9 6 9  i n  1 0 0  Area groundwater  i s  50 pCi/ml (Well 

199-K-20). The 3 H  c o n c e n t r a t i o n  observed i n  t h e  two N Area 

w e l l s  (199-N-3-0 and -N-8-U) ranged between 500 and 1000  pCi/ml,  

t y p i c a l  of t h e  c o n c e n t r a t i o n s  observed i n  the  p a s t .  



TABLE 4 .  T o t a l  Beta Concen t ra t ions  i n  Unconfined 
Groundwater (I00 Area and Assoc ia ted  600 
Area W e l l s )  

U n i t s  o f  ~ C i ( ~ ) / m l  
J u l y - D e c .  1969 

l v  !2 Max. Conc. I n  J a n - J u n e  1969 
W e l l  No. Conc. Conc. L a t e s t  Sample  Avg. Conc. 

A n a l y t i c  1  
L i m i t  ( b y  0.16 

The average t o t a l  b e t a  c o n c e n t r a t i o n  was below t h e  
a n a l y t i c a l  l i m i t  for  each of  t h e  fo l lowing  w e l l s :  

( a )  Ca lcu la ted  as  l o 6 ~ u .  
( b )  A ( - )  i n d i c a t e s  t h a t  t h e  c o n c e n t r a t i o n  was l e s s  t h a n  

t h e  a n a l y t i c a l  l i m i t .  

300 A R E A  WELLS 

The p r e s e n c e  o f  r a d i o a c t i v e  and n o n r a d i o a c t i v e  c o n t a m i n a n t s  

i n  g r o u n d w a t e r  b e n e a t h  t h e  300 A r e a  a r i s e s  f r o m  t h e  d i s p o s a l  

o f  w a s t e s  t o  two p r o c e s s  ponds  l o c a t e d  n o r t h  and  e a s t  o f  t h e  



300 Area .  R e s u l t s  o f  s a m p l e s  c o l l e c t e d  f r o m  300 A r e a  w e l l s  

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

a1 t h o u g h  5 1 C r ,  6 0 C ~ ,  a n d  l o 6 R u  h a v e  a l s o  b e e n  i d e n t i f i e d .  

The c o n c e n t r a t i o n  o f  NO,' i n  much o f  t h e  g r o u n d w a t e r  

b e n e a t h  t h e  300 A r e a  ( T a b l e  5) i s  a b o v e  t h e  P u b l i c  H e a l t h  

S e r v i c e  d r i n k i n g  w a t e r  l i m i t i 4 )  o f  45 ppm. H o w e v e r ,  s a m p l i n g  

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

a b l e  i n c r e a s e s  i n  NO,' c o n c e n t r a t i o n s  o n l y  a t  s e e p a g e  l o c a t i o n s  

a l o n g  t h e  r i v e r b a n k .  



TABLE 5 .  AnaZyticaZ Data - 3 0 0  Area and 
A s s o c i a t e d  600  Area We Z l s ,  
J u l y -  Dec, 1 9 6 9  Averages 

Well  No. A lpha,  B e t a ,  NO', ~ r + ~  F ' 
( 3 9 9 - )  pCi/ml p m l  ep p p b  J2.!!! 

A n a l y t i c  1 
L i m i  tia7 0.01 0.16 1 2 0.2 

( a )  A (-) i n d i c a t e s  t h a t  t h e  c o n c e n t r a t i o n  uas  l e s s  
t h a n  t h e  anaZyt icaZ l i m i t .  

( b )  S i n g l e  ana Zys i s  dur ing  s ix -month  p e r i o d ,  
( c )  NA - No a n a l y s e s  d u r i n g  s ix -month  p e r i o d ,  
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FIGURE I .  Total  Beta Concentrations Beneath the Hanford Project Expressed 
as Percent of  6 ~ u  Concentration Guide f 10 p C i / m  2 )  



FIGURE 2. T r i t i w n  Concentrations Beneath the  Hmtford Project Express 
as Percent of 3~ Concentration Guide (3000 p C i / m l )  



Neg 7 0 1 8 8 2 - 1  

FIGURE 3. Nitrate Ion Concentrations Beneath the Hanford Project 
Expressed as Percent o f  Public Health Service Drinking 
Water L i m i t  ( 4 5  ppm) 
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