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ABSTRACT

E x t e r n a l  r a t l i a L i o n  m e a s u r e m e n t s  a n d  s o i l  s a m p l i n g  w e r e  p e r f o r m e d  aL  28 s i t e s

i n  s o u t h e r n  N e v a d a  a s  p a r t  o f  a n  e x t e n s i v e  r a d i o l o g i c a l  s u r v e y  to d e t e r m i n e

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

a s  a  r e s u l t  o f  n u c l e a r  Vv’eapons t .esLs a t  t he  N e v a d a  Test :  S i t e  ( NT S )  d u r i n g  1 9 5 1 -

58 .  T h e  n a t u r a l  b a c k g r o u n d  e x p o s u r e  r a t e  was  f o u n d  t o  i ' a r y  by  about ,  a f a c t o r  o f
1 37

t w o .  The  Cs  i n v e n t o r i e s  L ended  to  be  l o w e r  than  e x p e c t e d  i n d i c a t i n g  th e  

e f f e c t s  o f  w i n d  e r o s i o n .  C o b a l t - 6 0  a n d  Am w e r e  d e t e c t e d  a t  s e v e r a l  s i t e s  

w h i c h  w e r e  r e p o r t e d  t o  be  h o t s p o t s  i n  p o s t - s h o t  r a d i o l o g i c a l  s u r v e y s .  P l a n n e d  

i s o t o p i c  a n a l y s i s  o f  p l u t o r i i u n  i n  the  s o l i  s a m p l e s  s h o u l d  h o i ] )  t o  d e t e r m i n e  the  

NTS f r a c t i o n  o f  t o t a l  f a l l o u t . ICs t l ina t e.s o f  the  magn L Lude of: wi.nd e r o s i o n  may  

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

C o n t r o v e r s y  h a s  a r i s e n  o v e r  t he  m a g n i t u d e  a n d  e x t e n l  o f  r a d i a t i o n  e x p o s u r e s  

i n  t h e  s o u t h w e s t e r n  IJ. S ,  t h a t  r e s u l t e d  f r o m the  n u c l e a r  w e a p o n s  t e s t s  c a r r i e d  

o u t  d u r i n g  1 9 5 1 - 5 8  n i  the  N e v a d a  T e s t  S i t e  ( N T S ) .  One  s t u d y  r e p o r t e d  e x c e s s  

c a s e s  o f  c h i l d h o o d  l e u k e m i a  In r e s i d e n t s  o f  U t a h  l i v i n g  c l o s e s t '  t o  t h e  t e s t  s i t e  

a n d  s u g g e s t e d  a c o n n e c t i o n  w i t h  th e  w e a p o n s  t e s t s / 3 A n o t h e r  a t t r i b u t e d  the

d e a t h s  o f  s h e e p  w h i c h  g r a z e d  in a r e a s  down wi n d  f r om th e  NTS d u r i n g  t h e  S p r i n g  o f
( 3 )

1953 t o  l o c a l l y  h e a v y  f a l l o u t  f r o m  a p a r t i c u l a r  l e s t  s e r i e s .  A l t h o u g h  the  

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

a r e  b e i n g  r o - e x a m i n e d , t h e r e  i s  some l a c k  o f  c o n f i d e n c e  I n  I lie q u a l i t y  o f  t h e s e  

d a t a .  H o w e v e r ,  v a l u a b l e  c o r r o b o r a  I i ve  d a t a  can  s  t i. 1 J he o b t a i n e d  by  e x a m i n i n g
1 3 r/

t h e  r e s i d u a l  l e v e l s  o f  c e r t a i n  Long-J.  i v e d  f a l l o u t  r a d i o n u c l i d e s  ( e . g .  ‘ C s ,

2 3 0 - 9 4 0  f)u )  p r e s e n !  i n  t h<- s o i l ,  An e x t e n s i v e  s u r v e y  o f  t h e  p o p u l a t e d  a r e a s  oi  

U t a h  w a s  made: i n  1979 t o  d e l . e r m i n e  t h e  a m b i e n l  n a t u r a l .  b a c k g r o u n d  r a d i a l  i o n  

l e v e l s  and  t o t a l  Cs  i n v e n t o r i e s ,  a n d  to  e s t i m a t e  th e  i n f i n i t e  t i me  d o s e  In

t.he S t .  G e o r g e  a r e a  a t t r i b u t a b l e  to  the  NTS l e s t  s

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

May 1 9 - 2 7 ,  1980 .  The  m a i n  o b j e c t i v e  w a s  to  v e r i f y  t h e  r a d i a t i o n  m e a s u r e m e n t s  

a n d  d o s e  e s l i m a t . e s  made a f t e r  I he  t e s t s  at  c e r t a i n  r e p o r t e d  h o t s p o t s  b y  c o m p a r i n g

the. r e s i d u a l ,  f a l l o u t  l e v e l s  l o  t h o s e  at  n e i g h b o r i n g  a r e a s ,  'J'went y - e  ight.  s i t e s

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

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

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

i n  the  g e n e r a l  v i c i n i t y  o f  s h e e p  g r a z i n g  l a n d s .

T h i s  r e p o r i  p r e s e n t s  th e  r e s u l t s  o f  i n  s i t u  m e a s u r e m e n t s  a n d  s o i l  s a mp l e  
13 7

a n a l y s e s  f o r  Cs  a n d  o t h e r  t r a c e  f a l l o u t  p r o d u e l s ,  a l o n g  w i t h  the  n a t u r a l  b a c k ­

g r o u n d  r a d i a l  ton component  f o r  e a c h  s i t e .  The r e l a t i v e  c o n t r i b u t i o n s  o f  NTS and  

g l o b a l  f a l l o u t  t o  the  t o t a l ,  m e a s u r e d  l . n v e n t o i y  o f  i a " ( ; s ,  a s  w e l l  a s  m e c h a n i s m s  

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

o f  t he  s a m p l e s  may p e r m i t  r e a s o n a b l y  a c c u r a t e  e s t i m a t e s  o f  the  NTS f r a c t i o n  o f  
1 O'?

Cs to  be  made s o  tha t  c o m p a r i s o n s  o f  the  i n t e r r e d  r a d i a t i o n  e x p o s u r e  f r o m  a l l  

f i s s i o n  p r o d u c t s  and  h i s t o r i c a l  " p o s t - s h o t "  m e a s u r e m e n t s  c a n  be  r e p o r t e d .

EXPERIMENTAL METHODS

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

r o a d s ,  s i n c e  t h e s e  w e r e  w h e r e  th e  r a d i o l o g i c a l  t e a ms  p e r f o r m e d  s u r v e y s  a f t e r  t h e  

t ^ s t s  a nd  t h e i r  d a t a  s u g g e s t e d  e l e v a t e d  f a l l o u t  l o v e l s , ( 8 ~ H} i n  o r d e r  t o  f u l f i l l  

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

t h e  p a s t  30 y e a r s ,  a r e l a t i v e l y  f l a t  o p e n  a r e a  50 o r  mo r e  m e t e r s  f r o m  the  r o a d  w a s
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u s u a l l y  s e l e c t e d .  I d e a l l y  t h i s  a r e a  w o u l d  cont.ni. i l  a v e g e t a t i v e  c o v e r  to  I n s u r e  

m i n i m a l  e r o s i o n ,  h o w e v e r ,  t he  t e r r a i n  t h r o u g h o u t  th e  r e g i o n  d i d  not  c o n f o r m  Lo the  

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

m e a s u r e m e n t s  nuide i n  U t a h  and  Nevada^  »  ̂ w h e r e  a p p r o p r i a t e !  g r o u n d  c o v e i  w a s

p r e s e n t ,  a f e w  s i t e s  w e r e  s e l e c t e d  f o r  c o m p a r i s o n ,  The  28 s i t e s  a r e  s ho wn  on  a 

map i n  F i g u r e  1. a nd  i d e n t i f i e d  i n  ' . [ a b l e  1.

An i.n s 1 tu gamma- r a y  s p e c t r u m  w a s  a c c u m u l a t  eel o v e r  a 2 0 - 5 0  m i n u t e  p e r i o d

u s i n g  a 130 cm3 c o a x i a l  d e ( b f . )  d i o d e  a t  a h e i g h t  o f  .about one  m e t e r  a b o v e  the

a ro u n d '10* U> and  a n a l y z e d  on a d e s k t o p  c o m p u t e r .  A h i g h  p r e s s u r e  a r g o n  i o n i z a -
0 0

( i o n  c h a mb e r  ( I I IMC)  w a s  u s e d  f o r  the  t o t a l  p e n e t r a t i n g  I o n i z a t i o n  r a l e  a n d  a 

b a r o m e t e r  f o r  the a t m o s p h e r i c  p r e s s u r e  r e a d i n g s  to d e t e r m i n e  the  c o s m i c - r a y  

s e c o n d a r y  component  . At i l l  but two o j  I he s i t e s ,  three-  c o i c s  oi  s o i l  w e r e  t a k e n  

to  a d e p t h  o i  1 5 cm a n d  1 i a< t i ona  ( ed  in 0-.'* . 5-  5 a nd  5 - 1 ' )  cm segment,*-: .  The

t h r e e  c o t e s  we r* s p a c e d  about .  I ?t)~' a p a r t  .uni > 10 m e t e r s  l imit I he (.< ( ! . i )  d e t e c t o r .

The t o t a  I •- u r  i ai  o a i e/i o f  s o i l  r e  p r e s e n  t e<l nv Mi-: < e eoi  <-s v.. t :; I 8o t ni' . 'I l ie ma i n  

f u n c t i o n  o f  t h o s e  s a m p l e s  was  f o r  dot  e r m i n  i nj* I In. dept ! :  d i s i  r i but  i on of  * Cs  i n  

o r d e r  l o  c o n v e r t  t ho (>().•* keV n m o l l i d e d  I l ux  measu r e d  !>v t ho t.e ( l . f ) d e l e c t o r  in 

t h e  f i e l d  to an e s t i m a t e  of  the. ^  Cs  i n v e n t o r y .  An i tide pendou  t i n v e n t o r ) '  

e s t i m a t e  w a s  a l s o  o b t a i n e d  1 rnm s o i l  s a m p l e  d a t a .

Due to the d r y  and powdery  n a t u r e  ol the s o i l  , i t  was removed f rom I he core: 
tool,  by c a r e f u l l y  s p o o n in g  out the I h roe  s e p a r a t e  l . i y e t s ,  'J h i s p r o c e d u r e  was
somet imes  pe r fo rm ed  w i t h  i lie c o r e r  in  I he ground lo  a v o i d  sp i I I a g o , A l l .  s am p le s
were packaged i.n h e a v y  p o l y e t h y l e n e  bags  im m e d ia t e l y  a f t e r  c o l l e c t i o n .

b a c h  s a m p l e  w a s  w e i g h e d  a n d  a i i  d r i e d  in t 111 l a b o r a t o r y .  The s a m p l e s  w e r e  

t h e n  r e w e i g h e d  and  a n y  l a r g e  t . icks a n d  s t o n e s  v.et. -  s c t a p e d  i . I .ean o f  a d h e r i n g

s o i l ,  w e i g h e d  a nd  d i s c a r d e d ,  b a c h  s a m p l e  wa s  p u l v e r i z e d  to  a f i n e  p o w d e r  a n d

a b o u t  1 0 0 - 1 8 0  g  a n a l y z e d  by  g a m m a - r a y  s p e c t r o m e t r y .

The h o m o g e n e i t y  o j  t h e  p i o p a r e d  s a m p l e s  and  the p r e c i s i o n  ol  a l i q u o t  t u g  and  

c o u n t i n g  w e r e  t e s t e d  w i 11: d u p l i c a t e  a  I i q u o i  .s i ■ o», s i x  . .amp les .  in a l l  cav .es ,  the  

Cs con e m u  r a t  .ion o f  t h e  d u p l i c a t e s  a g r e e d  t o l h i n  2 s t , u n l a i d  d e v i a t i o n s  o f  

the  c o u n t i n g  e r r o r .  In g e n e r a l ,  h o m o g e n e i t y  and a I i.<|uot i.ng w e r e  not  c r i t i c a l  i n  

t h i s  s t u d y  b e c a u s e  a l a r g o  f r a c t i o n  o f  the  v o l l c t e d  s a m p l e  was  a c t u a l l y  u s e d  i n  

th e  a n a l y s i s .

The  r a d i a t i o n  s o u r c e s  u s e d  f o r  c a l i b r a t i o n  I oi  t h e  . s p e c t r a l  a n a l y s e s  o f  the  

s o i l s  a r e  t r a c e a b l e  t o  s t a n d a r d s  f r o m  the  Nai . i ona l .  b u r e a u  o l  S t a n d a r d s  a n d  the  

I n t e r n a t i o n a l  A t o m i c  K n o r g y  A g e n c y .  The  c a l i b r a t i o n  a n d  s a m p l e  a n a l y s e s  i n c l u d e  

a p p r o p r i a t e  c o r r e c t  i o n s  f o r  v a r i a t i o n s  in s o i l  d e n s i t y  a n d  c o m p o s i t i o n .  The  

o v e r a l l  s y s t e m a t i c  e r r o r  i n  i h e  a n a l y s i s  i s  e s t i m a t e d  to t o t a l  l e s s  t h an
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The  Cs  i n v e n t o r y  w a s  i n f e r r e d  f r o m  the in s i t u  me a s u r e me n t  o l  p r i m a r y  

p h o t o n  f l u x  u s i n g  a c o n v e r s i o n  f a c t o r  d e r i v e s  e I sowhe. ro / 4* iJ* The  c o n v e r s i o n



f a c t o r  I s  n f u n d  I o n  o f  0./P , ( l i e  d e p t h  d i s t r i b u t i o n  p a r a m e t e r  f o r  an a s s ume d  

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

w h e r e

- (a /p  )p«
S l! , ( 1 )

o

8 i s  I. lie a c t i v i t y  p e r  cuf1 a t  d e p t h  cm,

S i s  the a c t i v i t y  p e r  cmJ a !  t h e  . s o i l  s n i l a e c ,

Ct i.s ( he  i e c i p r o c a l  o f  ( l i e r e  l a x a t  i o n  l e n g t h  in m i "
p Ik the in s i t u  s o i l  d e n s i t y

T h e  ( u imi  I a ( i v (  a c t  i v i . l v ,  o r  i n v e n t o r y  I ,  i n t i - g r a n  d i > «!; •; >! i, i , t h ‘

1 f  Sdz  ! l - e ' ( a / p ) p Z  ] » 1 f " ( a ' p ) p /  J,  ( 2 )
v> (X O

<>

w h e r e  I i s  t.he t o t a l  i n v e n t o r y  i n  mCi/kuP i n t e g r a t e d  l o  i n f i n i t e  d e p ' h .
o

A l t h o u g h  : he  m e a s u r e d  d e p t h  p r o f i l e  may not. f o l l o w  an e x a r : e x p o n e n t i a l  

f u n c t i o n ,  a n  a c c u r a t e  e s t i m a t e  o f  the t o t a l  i n v e n t o r y  w i t h  r e a s o n a b l e  p r e c i s i o n  

c a n  b e  made b y  c h o o s i n g  a v a l u e  o l  (x/p w h i c h  g i v e s  the  b e s t  l i t  to the f r a c t i o n a l  

a c t i v i t y  p i o f i l e  i n  t h e  t op  3 cm o f  s o i l .  T h i s  p r o c e d u r e  w o r k s  s i n c e  o v e r  7')$. o f
H

( h e  p r i m a r y  p h o t o n  f l u x  a i  t he  d e t e c t o r  comes f r om . sou r ce s  ’r ft g/ r  nf b e l o w  ( l i e  

s u r f a c e  o f  the  s o i l ,  w h i c h  at  a d e n s i t y  o f  I .'3 g/cm3 c o r r e s p o n d s  to a d e p t h  o f  l\ cm,

F o r  t h i s  s t u d y ,  a v a l u e  o f  a / p  w a s  so l e e  t e d  b a s e d  on  a H i  t o  ( h e  f r a c t i o n  o f  

the. l o l a t  i n v e n t o r y  m e a s u r e d  in  th e  0 - 2 . 1  a n d  r> cm cut ; ;  u s i n g  Kqua ( I on  Ky

u s i n g  th e  f r a c t i o n a l  a c t i v i t y ,  ( h e  do t e r m i n a l  i on o f  a / p  In com,-!. I Mdcpcml en i  o f  

s y s t e m a t i c  e r r o r s  in the  s o i l  s a m p l e  d a t a .  A l t h o u g h  i„  i s  b a s e d  on 1 he a s s u m p t i o n  

t h a t  I h e  s a m p l i n g  d e p t h  wan l a r g e  e n o u g h  to c o l l e c t  a l l  o f  u i e  a c t i v i t y ,  the  v a l u e  

o f  <X/p w i l l  not b e  s u b s t a n t i a l l y  a f f e c t e d  i f  a  s m a l l  f r a c t i o n  o l  the  i n v e n t o r y  I s  

m i s s e d .  The  o n l y  r a d i c a l ,  d e p a r t u r e  f r o m  t h i s  c a s e  f o r  t h i s  d a t a  .sol o c c u r r e d  at  

s i t e  3 .  F o r  t h i s  c a s e  a l o L a l  a c t i v i t y  was  a s s ume d  and  a f i t  w a s  ,q>pl l e d  to the  

f r a c t i o n a l  a c t i v i t y  In a l l  t h r e e  c u t s ,  By i t  e r a  l . I on a t o t a l  a c t i v i t y  wa s  a r r i v e d  

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

S o i l  s a m p l e s  w e r e  not  c o l l e c t e d  a t  s i t e s  1 and  11.  .SiI e ! ha d  some g r a s s  

c o v e r  a n d  w a s ,  t h e r e f o r e ,  s i m i l a r  t o  s i t e s  2 and  3 .  R a t h e r  l h a n  e s t i m a t e  a s i n g l e  

a / p  v a l u e ,  a r a n g e  o£ v a l u e s  w a s  c h o s e n  b a s e d  on the  o t h e i  two s i t e s .  S l l e  1,1 
w a s  b e t w e e n  s i t e s  8 a n d  9 .  S i n c e  the d e p t h  p v o l i l . e s  w e r e  q u i t e  s i m i l a r  at t h e s e  

two s i t e s  a n d  th e  c h a r a c t e r  o f  t h e  l a n d  the  same at  a l l  t h r e e , t he  a v e r a g e  v a l u e  

o f  Ct/p w a s  u s e d  f o r  s i t e  11.



RESULTS

The n a t u r a l  b a c k g r o u n d  e x p o s u r e  t a l c s  l o r  e a c h  s i t e  a r e  shown i n  T a b l e  2 a nd

I l l u s t r a t e d  In F i g u r e  2.  The  sum o f  ( h e  i n d i v i d u a l  con i r i b u l  tom;  f r o m  e a c h

m i c l i . d c ,  a s  m e a s u r e d  by  the s p e c t r o m e t e r ,  and  I he eosmi  c ■-r a y  s e c o n d a r y  c o mp o n e n t ,  

a s  I n f e r r e d  f r o m  I he b a r o i n e l e r  r e a d i n g s ,  a g r e e s  w e l l  on  the a v e r a g e  ( 1 . 4 $ )  w i t h  

the  IIP 1C me as u r e me n t  o f  the t o t a l  e x p o s u r e  r a t e .  D i f f e r e n c e s  a t  a n y  p a r t i c u l a r

s i t e  can  be  a t t r i b u t e d  to  s t a t i s t i c a l ,  e r r o r  Lor  th e  most p a r t .  The  e x p o s u r e  r a t e
r* ̂  o

f r o m ' " '  Rn d a u g h t e r s  in the  a i r  w a s  e s t i m a t e d  t rom the a v e r a g e  r e l a t i o n s h i p
■ -) '•>*% ( ' 1 ) be tween s o i l  rad ium and ground l e v e l  ' "  Rn roncen t  r a !  im is  jo the i i r .

U s i n g  ( l i e  ill ’ IC d a t a ,  t he  a v e r a g e  e x p o s u r e  r a t e  Ini  the s o m  Sea : ,  t e i n s i t e s

( 1 - i . l )  i s  1.1.7 ,.15/h I I . 8 MC ) . 'I he o t h e r  s i t e s  uv . - r . i g . - d  ! ? . l  i AI  t houg h

pa r  t o l  th.l:'  d i . l l e i e s i e  i d u e  to ! Lie geuc-r. :  1.1 \ I owe  i ,1:  : e.,P o t ! he  si iu i hea  s t e n i

s i t e s  and  • h< t e: .u i i an r Lov.'e r cosmic  t a y  component  , ■ iit-i < a i : o  m  , ippa r cn  t

d i f f e r e n c e  i n l he  a v e r a g e  a b u n d a n c e  o i  n a t u r . i l  e n t i t l e ; '  in i |,i .sei i be  t wee n  the* 

two g r o u p s .  ' the t' 1 ili s u r v e y  p e r f o r m e d  i n  1.9/9 i n d i c a t e d  l a i s  !\ u n i l o r m  e x t e r n a l ,  

e x p o s u r e  r a t e s  (<)- I'.i uR/ h )  a c r o s s  the s t i l e .  One e x c e p t  i V n , h o w e v e r , w a s  a 20 

uR/h  v a l u e  r e c o r d e d  at Modena i.n w e s t e r n  I r o n  C o u n t y ,  [ i t .di .  I t  a p p e a r s  that  t h i s

s i t e  Js in tin* same g e o g r a  ph i ca i pa t I e r n  oi. s i t e s  J 2 - 28 in t h i s  s I u d v  . ’II; i s

p a t t e r n  a p p e a r s  to e x t e n d  up i n t o  ( W a v e r  C o u n t y ,  e t d i  is v e i l ,  e  s e e n  i n  F i g u r e  2 .

A l t h o u g h  the  ineasu r emc.U s i n  t h i s  s u r v e y  w e r e  not p e r J o i m e d  w i t h i n  t lie towns  

a s  they  w e r e  in U t a h ,  I he c o n s i s t e n t l y  h i g h e r  a mb i e n t  exposur , . -  r a t e s  r e c o r d e d  a t  

th e  more  n o r t h e r l y  l o c a t i o n s  a r e  p r o b a b l y  t e p r e s e n t  at j v e  o ]  the a c t u a l  n a t u r a l  

b a c k g r o u n d  dose:  t o  the p o p u l a t i o n  ( h e r e  s i n c e  the: r e s i d e n t i a l  a r e a s  a r e  on l a n d

o f  s i m i l a r  s o i l  t y p e .  As . such,  these-  d a t a  .-ire o i  some s i gn i I 11 , a. < to a n y  s t u d y

i n v o l v i n g  r a d i a t i o n  p r o d u c e d  h e a l t h  e l i e c t s ,  s ince -  e x t e r n a l  ba< k g r o u n d  r a d i a t i o n  

c o n s t i t u t e s  a l a r g e  f r a c t i o n  o f  m a n ' s  no r ma l  r a d i a t i o n  e x p o s u i e  . ' *  4 '

The o n l y  man- made  r a d i o n u c l i d e  d e t e c t e d  in the  I i e I d s p e c t r a  w a s  1 '! ' C s ,

Bas ed  on the d e p t h  pi o f  l i e s  m e a s u r e d  in I Lie- s o i l  s a m p l e s ,  ! l »  a p p r o p  r i.a e c c o n v e r ­

s i o n  f a c t o r  was  a p p l i e d  to y i e l d  t he  e x p o s u r e  i . d e  < . nu  i i!>u; t on .  H i e  c u r r e n t

( 1 9 8 0 )  v a l u e s  s i "  s e e n  to v a r y  be; t we en  0 , 1  a nd  0 .  < K h .

T a b l e  ) I i ;> I s the p e r t i n e n t  s o i l  sample '  d a t a  a i o i u ,  w i i i ; ; he i o in  e m  r a t  i o n s
> • j

o f  f a l l o u t  e m i t t e r s  d e t ec  t e d .  A s i d e  f r o m the C s ,  seve r a l  s u i p l e s  c o n t a i n e d

m e a s u r a b l e  a mo un t s  o l  Cu a nd  ? 41 Am and  one- s a m p l e  eon t a ln< .1 i '“ ’ Rli.  1 r a c e s  o f

‘" ’ S b ,  * 1 ( e  ai .d 1 Ru w e r e  a l s o  d e t e c t e d  in many of  ! lit* s u r f a c e  s o i l  s a m p l e s ,

h o w e v e r ,  t h e s e  n u c l i d e s  have- b e e n  s e e n  in s o i l s  f r o m  o t h e r  p a r t s  o f  t h e  U, S ,  in

t h e  pas t  l ew \ e a r s  and  can  be a t t r i b u t e d  to g l o b a l  t a l l o u t  t r om l e c e n t  C h i n e s e  
( \ c- iw e a p o n s  t e s t s .

W i t h  the e x c e p t i o n  o i  s i t e  S, t he d a t a  show that  th e  1 ’> cm s a m p l i n g  d e p t h  

w a s  s u f f i c i e n t  to c o l l e c t  n e a r l y  a l l  o f  the d e p o s i t e d  a c t i v i t y .  S i t e  3 wa s  an

- /, -



o l d  l a w n  a t  a p r i v a t e  r e s i d e n c e  w h i c h  h a d  b e e n  f l o o d  i r r i g a t e d .  As  w. is f o u n d  In  

U t a h  l a s t  y e a r ,  h e a v y  a p p l i c a t i o n  o f  w a t e r  a p p a r e n t l y  a c t s  to  d r i v e  the  c e s i u m  

mo r e  d e e p l y  i n t o  the  s o i l ,  S i t e s  4 t h r o u g h  28 w e r e  p r  i s  l i n e  l o c a t i o n s  w h e r e  th e  

d e p t h  p r o f i l e s  w e r e  f o u n d  t o  b e  q u i t e  s h a l l o w ,  r e f l e c t i n g  the  snui l l  a mo un t  o f  

p r e c i p i t a t i o n  i n  t h i s  a r e a ,  A d i s t r i b u t i o n  o f  the  m e a s u r e d  d e p t h  p r o f i l e s  i n  

h i s t o g r a m  f o r m  i s  shown i n  F i g u r e  3.

T a b l e  4 l i s t s  t h e  ‘  Cs i n v e n t o r i . e s  i n t e r r e d  f o r  e a c h  s i t e  f r o m bo I h the  

i n  s i t u  a n d  s o i l  s a m p l e  m e t h o d s .  The  t o t a l  a b s o r p t i o n  p e a k  count  r a t e  f o r  the  

662 k e V  p r i m a r y  f l u x  m e a s u r e d  in  th e  f i e l d  and  i h e  v a l u e  o f  CX/p , t he- d e p t h  

p a r a m e t e r  <le. i i v e d  f r o m  I he  So i i s a m p l e s ,  i s  a l s o  l i s t e d ,  T h i s  same d e p t h  

p a r a m e t e r  wa s  u s e d  w i t h  Kquat i on  ? t o  e s t i m a t e  the  I rat : !  i o n  o i  the  t o t a l  a c t i v i t y  

c o l l e c t e d  in the  s o i l  s a m p l e s .  The e s t i m a t e  of  t lie t o t a l  i n v e n t o r y  u s i n g  the  

s o i t  s a m p l e  d a t a  w a s  made b v  c o r r e c t  i ng  t he  m< a s m  ed v a l u e  b a s e d  on t h i s  f r a c t i o n .  

E x c e p t  f n g  s i t e  'I , t h e s e  c o l l e c t i o n s  we i e s m a l l .

Measurement?- ,  h a v e  shown tha t  th e  in s i mi  me l hod t o r  de  t e r in i r  i ug  i n v e n t o r y  i s

a s  a c c u t a t e  but  somewhat  l e s s  p r e c i s e  ( 12$  v s ,  8 $ ,  1 S . ' D . )  t han  I he  s o i l  a n a l y s i s
/ 4 )

met h o d  b a s e d  on 10 c o r e s , ' - The  p r e c i s i o n  o f  the  s a m p l e  met hod  i n c l u d e s  the  

s t a t i s t i c a l  e r r o r ; ;  ;i s s oc  i a t. e d  w i t h  c o l  l e d  i o n ,  p r e p a r a t  i on  a nd  a n a l s ' . s i s .  The  

m a j o r  s o u r c e  o f  e r r o r  l i e s  w i t h  I he  c o l l e c t  Lon,  that  i , w h e i h e i  the n u mb e r  o f  

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

a p p r o x i m a t i o n ,  the s t a t i s t i c a l  e r t o r  won 1 d v a r y  i n v e i s e l y  w i t h  I lie s q u a r e  r o o t  o f  

( h e  n u mb e r  o f  c o r e s .  The  8$  p r e c i s i o n  a s s o c i a t e d  w i t h  th e  10 c o r e  me t h o d  w o u l d ,

t h e r e f o r e ,  be  m o d i f i e d  to a b o u t  13$, f o r  the  i c o r e  m e t h o d .

A l t h o u g h  the  i n  s i t u  me t h o d  i n v o l v e s  u s i n g  ( h e  s o i l  s a m p l e  d a t a  t o  d e t e r m i n e

the  dept  li pa \ a me t e t , it i s  L e s s  s e n s i t i v e  to  e r r o r s  i n  I h e  s o i l  s a m p l e  d a t a

p a r t I c u l n r l y  when  I h e  d e p t h  p r o f i l e  i s  s h a l l o w ,  a s  w a s  e n c o u n t e r e d  f o r  m o s t  s i t e s  

i n  t h e  p r e s e n t  s t u d y ,  C o n s e q u e n t l y ,  it. i s  e x p e c t e d  lhat .  t he  p r e c i s i o n  in th e  

i n v e n t o r y  e s f i m n t e s  i s  a b o u t  th e  same f o r  b o t h  m e t h o d s  u s e d  In i b i s  s t u d y ,

I f  a d i s t r i b u t i o n  o f  the  p e r c e n t  d i f f e r e n c e s  b e t w e e n  the  i.n s i t u  and  3 c o r e  

s o i l  s a m p l e  I n v e n t o r ; '  e s l i m . a t e s  i s  c o n s t r u c t e d  f o r  t he  :>4 p i i . s i t u e  s i t e s ,  i t  

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

a  -  - / n m r

hfc .

The  f a c t  t ha t  13 o u t  o f  t h e  24 c a s e s  ( 6 3 $ )  l i e  w i t h i n  20$ o f  t h e  mean l e n d s

c o n f i d e n c e  to ( h e  p r e c i s i o n  e s t i m a t e s  o f  b o t h  m e t h o d s .

That  on  the  a v e r a g e  t h e  i n  s i t u  I n v e n t o r y  e s t i m a t e  i s  18$ h i g h e r  t h an  the  

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

c f f e c l ,  A l t h o u g h  t h e r e  w a s  l i t t l e  o r  n o  g r a s s  c o v e r  a t  most  of. the l o c a t i o n s ,



s c a t t e r e d  b r u s h  s u c h  ; is s a g e  w a s  common.  W i nd  b l o w n  s o i l  p a r t i c l e s  t e nd  to  b u i l d  

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

c a n  be  e x p e c t e d  l o  r e s i d e  t h e r e .  The  d e t e c l o r  i n  the  f i e l d  " s e e s "  ( h i s  a d d i t i o n a l  

s o u r c e  w h e r e a s  ( h e  s o . ’.l. s a m p l e s  w e r e  t a k e n  i n  t h e  o p e n  a r e a ; ;  among  th e  b r u s h  w h e r e  

a d e p l e t e d  s o u r c e  w o u l d  e x i s t  . A t  S i t e  i fO  the  m a g n i t u d e  o i  t h i s  e f f e c t  w a s  c h e c k e d  

b y  t a k i n g  a g r a b  s a m p l e  o f  b l o w s a n d  f r o m  u n d e r  s e v e r . i t  e i ump s  o f  b r u s h . As  shown  

i n  T a b l e  1 ,  the  c o n c e n t r a t i o n s  o f  b o t h  x °  Cs  and  Co w e i e  f o u n d  to be  a b o u t  d o u b l e  

tha t  o f  the  0 - 2 . 5  cm c u t .  l i  t h e  1 Cs  wa s  d l s t  t U n i t e d  e s s e n t i a l l y  u n i f o r m l y  i n  

the  b l o w s a n d  a nd  ' r t  o f  the g r o u n d  s u r l a c c  c o v e r e d  to a d< p t b  o f  j ■ I ’> cm ( a  r e a s o n ­

a b l e  e s t i m a t e  b a s e d  or, v i s u a l ,  e x a m i n a t i o n )  by t h e s e  mounds  o i  e n h a n c e d  a c t i v i t y ,  

the  c o n t r i b u t i o n  l o  th e  p e a k  a r e a  me as i - r e d  in t fie f i e l d  w o u l d  h a v e  b e e n  a b o u t  b 

c o u n t s  p e r  m i n u t e ,  2(>r! o f  t h e  t o t a l ,  S u b t r a c t i n g  t h i s  con i j i bu t i on w o u l d  l o w e r

I he i n v e n t o r /  f r o m V> to ' /h inC. i -'km' . The l a t e i  v a l u e  w o u l d ,  • I ■ ■ • r e p r e s e n t

t lie ope n  a i ea  a. a-. I rom th e  b r u s h  v h e i e  ( in ; : o i l  s a m p l e r  va- re i .> I 11 c ■ i d  . C o n v e r s e l y ,

i f  t h e  b I o v ' a, ti -..a-, tl i y -  v i bu t ed e v e n  I y ac  k i s s  i he ............ : !■•>.. n u i r v  u o n h i

i n c r e a s e  I v  'i ■■ I 2 mCi < kni a s  c o m p a r e d  l o  29 n< i/kni me., n u r e d  i a : lie s a m p l c s  c o l l e c ­

t e d  a wa v  f rom the  b r u s h ,  T h o s e  v a l u e s  a r e  i -ons i ;; t e.i s w i ! 11 t in 2)  d i  f 1 e i eu«  e s e e n  

at  t h i s  . s i t e ,  'tin: m a g n i t u d e  o f  the- b l o w s a n d  e f f e c t  a!  i b i s  s i : t i s  t I l u s 1 i'at i.vt 

o f  the  e f f e c t  a l  o t h e r  s i t e s .  H o w e v e r ,  due  to d i f f e r o m e s  its d e p t h  d i s t r i b u t i o n ,  

g r o u n d  c o v e r  a n d  l o c a l  w i n d  c o n d i t i o n s ,  no s i n g l e  c o r r e e l  i o n  l a c  t o r  < a n  be  a p p l i e d  

to  a l l .  s i t e s .  N o n e t h e l e s s ,  one  ca n  p r o b a b l y  c o n c l u d e  that  b a s e d  on the  m e a s u r e m e n t s  

al  S i te .  9 ,  t he e f f t c !  w o u l d  not g r o s s l y  d i s t o r t  r he i n v e n t o r y  i-.st imate. s p r e s e n t e d  

i n  T a b l e  h ,

A g r a b  s a m p l e  o f  s e d i me nt  f r o m  a s m a l l  w a s h  wa s  t a k < n  at s i t e  24 to  c h e c k  f o r  

a n y  w a t e r  e r o s i o n  e f f e c t s  . S i n c e  s e d i m e n t  i s  g e n e  i a I l y  comp r ( sec!  o f  f i n e  

p a r l l . c i . e s  it mi g h t  a l s o  l e n d  t o  a c c u m u l a t e  f a l l o u t  p r o d u c t s  w a s h e d  o f f  i fie g r o u n d  

s u r f a c e .  H o w e v e r ,  the  " ' 5’ Cs  c o n c e n t r a t i o n  in t iu  s e d i m e n t  wa s  on  the  s ime o r d e r  

a s  th e  a v e r a g e  c o n c e n t r a t i o n  i.n t h e  s o i l  f o r  the  0 - i ‘j cm s a m p l i n g  d e p t h .  I f  the  

p a r t i c u l a r  w a s h  s a m p l e d  was  r e p r e s e n t a t i v e  t hen  no m a j o r  e l  f e e t  o f  r u n o f f  i s  

a p p a r e n t  f o r  t h i s  s i t e : .

A . s t a n d a r d  CMI, s o i l  s a m p l e  ( 1 0  c o r e s ,  0 - 3 0  cm)  wa s  t . .k. ’ ii S i t e  21,  The  

d i f f e r e n c e  b e t w e e n  t he. e s t i m a t e  o f  44 mCi/knt'  f o r  t h i s  s e t  m d  i he  n4 mCf/knf  

f o u n d  f o r  t he  i c o r e  s a m p l e  i s  not  i n c o n s i s t e n t  w i t h  the t s !  ( m a t e d  p r e c i s i o n s  

( 8  a n d  1 Vs )  and  i s  i n d i c a l  i v e  o f  the  v a r i a b l e  nature*  o f  d e p o s i t  10:1 o v e r  l a n d  w i t h  

p o o r  g r o u n d  c o v e r  . ' ihe s o i l  s a m p l e  i n v e n t o r y  v a l u e  shown in t ab l e .  •’* f o r  

s i t e  i s  lilt..' a v e r a g e  o f  the two s e t s ,  w e i g h t e d  by  t he i r  < ot t e.-.pouii i ng sui  

a r e a s  ,

t h is ,  
f a c e
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The con t r i bu t: i on of global fallout. Lo the lota] Cs inventory can be 
es I i.ma I ed using (lie relat ionship betwe e n preci p it a ti o n ■ i n <1 1 C.s deposi lion 
reported i.n the 1979 Utah s t u d y / 45 Al l ho u gh  this relationship Is ruidc and 
m a y  no I lie valid for southern Nevada, i.i none I he lews provides ,i gi-m-ra I idea of 
Ihe ma gn i i ude of global fallouL levels. C 1 inta to t og i i:.i 1 data for the stale of
Nevada Indicate on the order of 10 lo 20 cm ol precipitat ion for the southern
S i t e s  1 -1.1 and  28 and  b e t w e e n  20 a n d  50 cm for  the  mo if- n o r t h e :  i.y S i I i ,» 1 2 - 2 7 . ' ' ° '

/ P ' ••A s s u m i n g  a c o n s t a n t  S mC,i./km' d r y  de pos  i t. i on and  a 2 . ’) mC i < kni m ■ ■■ cm u l  r a i n

w o  t d e p o s  i I i on  , t he  c o r r e s p o n d i n g  g l o b a l  ' C.s l e v e l s  w o u ld  he a b o u t  i 0 - 6 r> mCi/km
p

f o r  I lie . souther ' !  s i t e s  and  b ' j - ' H )  mCi./km'  I .n the  nort in.  i n  s i ‘ < ■■■ .

' the i o*, .i I. * s  i i i vi ' iK' i i  w o u l d  he Ii I .-.in ! st i I ! .< ■ i c  ■. ivnp.i-n :i( i s

i ik 1 tided . ; Vi con ' r i hu t i.oii wa s . -si in, ! ed  • i , .*•» ttii i . km i a ini  ; > i . C c o r g e

a r e a  and  I?? me i , kni -ae i : i ■!>. t e t pr  i .e in I he  - l -di  si  no i • L i s t  m . • t . ’ •

s i m i l a r  o r  hi.>-,hei c o n i  i i l mi  i o n  w o u l d  b e  e x p e e r e d  at in-uiv ui ' r i < ■ s i i i s  in I h i s

s t u d y ,  A I t i ic»11 >;h (hr-  t o l . i l  i n v e n t o r y  m e a s u r e d  at  l hr g r a s s  cov i - i e i l  S i t e  2 i s  

c o n s i s t e n t  v  i t h ( tie v t l u e s  s e e n  in ne I g h h o r  i n g  .son t hwes  t e m  C t a h  v-.-li i 1 e the

i n v e n  I o r y  at I tie g r a  s s  c o v e r e d  S i t e  1 i s  e x c e p t i o n a l l y  h i g h ,  i < i s  appn  r e nt  that  

t h e  p o o r l y  c o v e r e d  S i t e ; ;  A - 2 8  e x f i i h i t  much lov. ' er I n v e n t o r i e s  d a n  e x p e c t e d ,  Ill i s 

i n c o n s i s t e n c y  i s  e x p l a i n a b l e  b y  th e  d i f f e r e n c e  i.n the  t h . i r . i t :  c r  ol  t.he s a m p l i n g  

s i t e s .  'ih(- P t a h  i n v e n t o r y  e s t i m a t e s  r e p r e s e n t  a b e l t e r  e s t i m a t e  of  a c t u a l  d e p o s i ­

t i o n  b e c a u s e  the  me a s u r e me n t  s w e r e  p e r f o r m e d  on g r a s s y  s m  f.ai e s  w h e r e  th e  f a  L l out  

w o u l d  t e nd  to r e m a i n .  The I n v e n t o r i e s  m e a s u r e d  a l  S i t e s  - 28  in ( I k - p i e s e n l  s t u d y  

a r e  m e r e l y  the  c m  r e nt  o r  1.980 v a l u e s ,  ' Ihe d a t a  i n d i c a t e s  that  some f r a c t i o n  o f  

t h e  o r i g i n a l  f a l l o u t  h a s  b e e n  r e d  i s  t r i.bu t ed , p r o b a b l y  v i a  w i n d  e r o s i o n .

F u r t h e r  e v i d e n c e  o f  the e f f e c t s  o f  w i n d  e r o s i o n  can be  s e e n  at S i t e s  I '3 and

2 2 ,  A,  n e a r b y  f o r m e r  fiML s a m p l i n g  s i t . e s  that  p o s s e s s e d  v e ^ a  i t  i v c  c o v e r ,  the

1 Cs  i n v e n t o r y  w a s  1 10 mCi/kn? f o r  b o t h  s i t e s  i n  June  I.c) '//».' " '  Co i r e c  r i n g  f o r  

r a d i o a c  t i v e  d e c a y ,  1.11 mCi/kn? w o u l d  b e  p r e s e n t  a l  t he  t i me  oi  t h i s  s u r v e y ,  w h e r e a s

t h e  a v e r a g e  o f  tn s i t u  a nd  s o i l  s a m p l e  m e a s u r e m e n t s  i n d i c a t e d  a.. mCi/kni '  Jor  S i t e  

13 a nd  h i  mCi/km f o r  Si. l e  2 2 .  T h e s e  a r e  a b o ut  a f a c t o ;  o l  - . l o s e r ,  I f  t h i s  

same . f ac t or  wa;. a p p l i e d  to  tin* o t h e r  e r o s i o n - p r o n e  s i t e s ,  the i n v n a . . n y  e s t i m a t e s  

w o u l d  r a n g e  b e t w e e n  60 a nd  163 mCi/kn? . T h e s e  v a l u e s  a r e  more  < on;,  i s t en i  w i t h  

t h o a e  f o u n d  a l  S i t e s  2 and  3 a n d  i.n L ' l ah .  H o w e v e r ,  a p p l y i n g  a cor ; >>< t i on  such as  

t h i s  i s  p r o b a b l y  o n l y  v a l i d  on the  a v e r a g e  s i n c e  th e  d e g r e e  o i  e r o s i o n  at  any  

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

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

A m a j o r  q u e s t i o n  not  y e l  r e s o l v a b l e  wi . l l i  the  p r e s e n t  d a t a  se t  i s w h e t h e r  

I h e r o  i s  a n y  d i f f e . i e n e e  in  the  b e h a v i o r  o f  d r y  and  wet  f a l l o u t  o n c e  d e p o s i t e d  on

I h e  g r o u n d .  The  NTS f a l l o u t  w a s  g e n e r a l l y  d r y  w h e r e a s  most o f  t i v  g l o b a l  wa s

a s s o c f a L e d  w i t h  p r e c i p i t a t i o n .  As  s u c h ,  i t  i s  p o s s i b l e  that  d i f f e r e n t  f r a c t i o n s

- 7 •



o f  t h e  NTS a nd  g l o b a l ,  f a l l o u t  w e r e  d i s p e r s e d  by  w i n d . 11 i h a p p a r e n t  , h o w e v e r ,

t ha t  not  a l l .  o f  the NTS f a l l o u t  w a s  d i s p e r s e d  s i n c e  Ain and  00 Co v c r c  d e t e c t e d

i n  s o i l  s a m p l e s  f rom s e v e r a l  o f  Lite s i t  ok . T h e s e  a m i  i d e s  w e r e  not d e l e c t e d  i.n 

th e  g a m m a - r a y  a n a l y s i s  o f  . sampl es  f r o m  s o u t h w e s t e r n  I ' tal ,  J a s i  y e a r  a n d  a r e  not

n o r m a l l y  fu.en i n  e n v i  r o m n e n l a  1. s ample?;  f r o m  o t h e r  p a r t s  o l  t h e  »;. S.

A l t  h o u g h  no d i roc ! » e l a t  i o n s l i i p  b e  I w e e n  1 Cs a n d  ' " ' t o  c an  he a s s u m e d  b e c a u s e

o f  t h e i r  p r o b a b l e  d i f f e r e n t  r a t e s  o f  i ' a ’ f o u i  is i i u i u i  i on  o f  d i s t a n e o  dov/nw i nd
S'

f r om NTS,  the  f a c  t t ha  1 I tie ' " C o  con 1 d ho de ;  e e i  ed  ma'  i n ' i i i  i t < -i h i g h e r  t hai l

a v e r a g e  NTS d e p o s i :  ic.n t o r  t h a t  a r e a  o r  d e p o s i t  i on  i r o m a <’ c s i  ‘ c i . i i  i v e l v  r i c h  in

(;o , Most  o f  ’ he ;; i. r.es i d e m  I.f l e d  i n  'I a b l e  1 a s  p o s s i b l e  hoi  spot  s d i.d show the  

p r e s e n c e  o f  Co who r e a s  t he  e t h e r  s i ( n ;  ■■ .-.sof i a ■ i m  .. i ‘ b imo ;  r v j » j < . i  l a l l o u t

l e v e l s  j jciK' i  a 1 1 y d i d n o ; . Th< h i ghe; ' : i  f o  «'on< ei; ■ i <11 i na  •.>•. I • " i ad  11 . - l i e  !’ 1

(n 1 *,o ! I l f  on 1 v i I e HI;) a nd  a t : b o ■ I: i i : • >. • •. • s p o 1 , ( b i s

s I I e p i i>b a b  1 v : < ■■■ i i : c <  l ■ e ; . s : s a ' ,  i <| (. • uni, 1st t i ■!.•■■ i : due  < o

i ! r, (■ I i'V.i i ioi ;  I I .-'.00 « i )  . ' h< ho :  /.put '.a ‘ ’ Ci! i • •; . ■! i ' ■ i ' i ) > d e n  ! ). ! Jed

a I I e i i he bo l  i ;u- .i:n ! a i so  s h o v e d  a ( ompa > ;: » v< ; : '• i •' ■ >!;• * -:: r r • ■ i oi, o f  ( \ > ,

The  Lower v a l u e s  o l  ' ( s  , *  Co a nd  Am 1 ontid • • I ' !:■ no i > in;  i i i- '/ in I l ie

same v a l l . e v ,  a 1 Ihou ;;h no< in ' h e  sam< p m p o r i  i on  t-» ; be  ra> ! a ;  < i v i t y

m e a s u r e d  dn i i in.; i lie pos t  s h o t  r a d  i . o l o g f a  a I. uir v e y  , t r < . « t t c • ( o.o;  i s  ! e u l  w i l h
/ Q 'l

the  d i r e c t  ion o l  the  g i a d i e n l  .

The  X ’00 iu< i / i<itT i s i nvon l  o r y  e s ’ imate* .  i o r  b i s . -  !■ :n da. : .  v e e s s

f a l l . o u !  1.1 out run,  11 f . A s i m i l a r  a n o m a l y  w .i •; s e e n  i • b u r ;  i , a s  . ; c di l e i  -.a a . ' ' ' 1'

A l t h o u g h  t h i s  wa s  s u b s t a n t i a l l y  ( h e  h i g h e s t  i nv<n ! <> r v  f o n u d  in. i n i s  s u i v e v ,  no
Cj C P A ̂

Co o t / n v. a r, de  t e r 1 ed  i n  i he  s o i l  s c ip I c ■ .  hi e l d  i ; , i is.- ( >■ ■. i um j. r o  I j 1 e

was  u n u s u a l  Iy d e e p  a n d  s i n c e  the  s o i l ,  s a m p l e  o n l y  e x t e n d e d  f ■ ! > the  e r r o r s

in th e  I n v e n t o r y  < s i  i .mates  a r e  l a r g e .  It i s  h o p e d  t ha t  a n s i  . i , oi  ' " i ' h , .<

n a t u r a l  l a l l o u l  n u c l i d e  f o u n d  i.n r a i n ,  a;  w e l l  .ir. i'n i s o t o n i t  i: i i i> r;r j ; s oi i ( w i l l  

h e l p  l o  b e l  It a de l  e n n i n e  w h e l h e r  i he  c x o e s s  c e s i u m  i s  i t om : s. Iob. , !  t a l l  on I .

SHMMAKY A M )  ( a) ' , 'Cl.I a l i ' bs

' i h i s  r e p o r t  p; e s e n ' »  mit ui  a  1 b c n - k g r o mu l  e;;p«n,M > ( i a s e* .e..i Cr  i . i v i - mo i  i e s

f o r  2.i\ s i t e s  in i he v i c i n i l y  o f  t he  N e v a d a  ' i e s ;  S i • i . l b,  i e, , ;  r a t  i o n s  o f

f a l l o u t  <>m i t I e r s  in s o i l ,  i s  a L s o  g i v e n  f o i  vt> o l  t b e s e  . s u e s .  i he  na i m  a I b a c k ­

g r o u n d  ex | i o s u r e  r a l e s  v a i i e d  b y  a b o u t  a t a c i o r  o f  :wo and  ; e n d e d  « o  lu> h i g h e r  a l  

the  more  tun I he i n !; 1 t e «  in ( h i s  s l u d y .  The  ' ' ('■: i nv,  !i ■’ o : i >.• s ’.si. :■:! i de ) a b  l y

b u l  w e r e  in  g e n e i a l  l o w e r  t han  e x p e c t e d  f o r  t h i s  a i e a .  i h e  dai.. su^.ge.s t s  ( h a t  

some f r a c t i o n  o f  t he' o r i g i n a l  f a l l o u t  h a s  b e e n  r e d  i s i i t bu s ed  a; s i i e s  w i i l i

i . nsuf  1 i c  t e n  I g r o u n d  c o v e r .
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The p r e s e n c e  o i  e n h a n c e d  NTS f a l l o u t  w a «  I n< i l ea  l.e.i b y  hiiui I 1 a mo u n t s  o f  Co

a n d  a < l l Am in i h e  ( o l  l e e  t o d  . soi l ,  s a m p l e s  , h o w e v e r ,  i he  c.or r e s p o n d i n g  A%' 7 Cs  I n v e n  -

l o r i e s  ;ii t h e s e  si.toss w e r e  no t  u n u s u a l l y  h i g h  when  c o m p a r e d  t o  n e i g h b o r L n g

l o c a t i o n s .  In  o r d e r  l o  v e r i f y  the o r i g i n a l ,  p o s t . - s h o t  r a d i a t i o n  m e a s u r e m e n t s ,
3. t i *7

e s t i m a t e s  o f  t h e  NTS component  I n  th e  t o t a l .  ' Cs  i n v e n t o r y  mus t  bo  made and  

c o r r e c t i o n s  a p p l i e d  l o  a c c o u n t  f o r  a ny  w i n d  e r o s i o n  s i n c e  the  t i me  o f  the  shot  , 

T h i s  m a i l e r  i c o m p l i c a t e d  by  the  p o s  s i.b i I J. I y I. lmt d r y  NTS I. ll. l out  may he a f f e c t e d  

So a d i f f e r e n t  d e g r e e  b y  the  w i n d  t h a n  v/ei g l o b a l  f a l l o u t  . In v i e w  o f  t h i s ,  

a c c u r a t e  e s t i m a t e s  oj. the  o r i g i n a l  N'l ft d e p o s i t i o n  a n d  r e s u l t a n t  r a d i a t i o n  d o s e s  

may no !  b e  ; .or;s i b l o  . It I s  h o p e d » h o w e v e r ,  t h a t  pl . utoui .um t o p i c  a n a l y s e s  o f  

t he  s o i l  s a m p l e s  w i l l  h e l p  to d e t e r m i n e  t ho NTS f r a c t i o n  o f  t he  t o t a l  f a l l o u t  

now p r e s e n t ,  a n d  p o i n t  out  a n y  d i f f e r e n c e s  in I lie r e d  i s t r  i bu t i o n  o l  wet  a nd  d r y  

f a l l o u t .  | f t ho magn i t ude  o f  w i nd  e r o s i o n  o f f e . c l s  can be e s t i m a t e d  l'o r  the NTS 

f a l l  (Hi I ,  uppe)  l i m i t s  to * be p o s I - s h o t  r a d i a l  ion l e v e l s  can b. e s t a b l i s h e d .

a C K M O W L I ! 1 )f I K M K N T S

The a u t h o i s  a c k n o w l e d g e  I no i mp o r t a n t  e f f o r t s  o l  M i c h a e l  t ' . ayle,  M i c h a e l  K r e y ,  

A l e x a n d e r  O t e y  anti R a p h a e l  M a r t i n  i n  Ihe  f i e l d  m e a s u r e m e n t s  a n d  s o i l  s amp l e  

p r e p a r a t i o n .  We a l s o  a c k n o w l e d g e  John  l i ar  l e y ,  t he  f o r m e r  L a b o r a t o r y  D i r e c t o r ,  

f o r  s u g g e s t i n g  the s t u d y ,  a n d  K d v a r d  P.  H a r d y ,  P h i l i p  K r e y ,  H a i o l d  Beck  and  

Ja me s  M c l . a u g h l i u  f o r  t h e i r  g e n e r a l ,  g u i d a nc e ,  and  s u p p o r t  .
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USDOK Repor t  r,M( ,~362,  A u g u s t  ( 1 9 7 9 )

4 , B e c k ,  11. I., and  K r e y ,  P.  W,
Cefi  iuui - -1 3 / I n v e n t o r i e s  i.n U n d l s  t u r b e d  Utah S o i l s  -  I n t e r i m  Repo r t  on  

R a d i o n u c l i d e s  i n  S o i l s  i n  P o p u l a t e d  A r e a s  

US DOR Repor t  K M L - 3 7 1) ,  J un e  ( 1 9 8 0 )

‘5. K r e y ,  P.  W . ,  H a r d y ,  F.  P.  a nd  l i c i t ,  M,

N e v a d a  Test  S i t e  F a l l o u t  In the A r e a  o f  E n t e r p r i s e ,  U t a h

I IS 1X)K R e p o r t  KML - 372 ,  A p r i l  ( 1 9 8 0 )

6,  D i s t r i b u t i o n  and  C h a r a c t e r i s t i c s  o f  F a l l - O u t  at D i s t a n c e s  c r e a t o r  than  1.0

M i l e s  f r o m Gr ound  Z e r o ,  Ma r c h  a nd  A p r i l  1933

O p e r a t i o n  U p s h o t  -  K n o t h o l e ,  N e v a d a  P r o v i n g  G r o u n d s ,  M a r c h - J u n e  1933 

P r o j e c t  27 . 1  

USAKC Re p o r t  WT-811

7 . R a d i o l o g i c a l  S a f e t y  O p e r a t i . o n

O p e r a t i o n  Upshot  -  K n o t h o l e ,  N e v a d a  P r o v i n g  G r o u n d s ,  M a r c h - J u n e  1933 

USAKC Repor t  WT-70?

8 .  D i s t r i b u t i o n ,  C h a r a c t e r i s t i c s ,  a n d  B i o t i c  A v a i l a b i l i t y  o l  F a l l o u t  

O p e r a t i o n  P l u mb o b ,  P r o j e c t s  3 7 , 1 ,  3 7 . 2 ,  3 7 . 2 a ,  .37.3 and  3/. (>

USADC R e p o r t  W T - 1 4 8 8 ,  J u l y  ( 1 9 6 6 )

9 ,  H a r d y ,  K.  i>.

P l u t o n i u m  i n  S o i l  N o r t h e a s t  o f  t h e  N e v a d a  T e s t  S i l e ,  p .  1 -51 in K n v i r o n m e n t a  1 

Q u a r t e r l y  

USF.RDA Re p o r t  H A S L - 3 0 6 ,  J u l y  ( 1 9 7 6 )

- 10 -



1.0, R e e k ,  11. I . . ,  DeCampo , J , a n d  G o g o l a k ,  C.

I n  K ] m  c e d . l )  and N a l ( T L )  Gamma-Ray S p e c t r o m e t r y  

I ISAKC R e p o r t  HAS J.,-2 '38, S e p t e m b e r  ( 1972)

I.1 , KMT, P r o c e d u r e s  Manua 1

John  H. H a r l e y  (F,d I  f o r )

US DOE Repo i t KaSL- 'SOO,  u p d a t e d  a n n u a l l y  ( 1.972)

12,  C o g o t a k ,  C.  V.  and  M i l l e r ,  K.  M.

New 1' eve l o  '>men I ,s in F i e l d  Gamma-Ray S p e c  I. route I '-y

IJSDOK R e p o r t  EML-3 32 ,  Dec embe r  ( 1 9 7 7 )

I I ,  B e c k ,  11. .

(lamina Rat! la i Jon front Radon D au gh te r s  i.n (he A tmosphe re
J .  Deopl ty; ' .  R e s . , 79,  221.3 ( 1 9 7 4 )

1.4, N a t u r a l  Ba c k g r o u n d  R a d i a t i o n  lit t h e  Uni  l e d  S l a t e s

N a t i o n a l .  C o u n c i l  on R a d i a t i o n  I ' r o t  e c t  i on  and Measurement  I k Re po r t  No ,  4 5 ,  

W a s h i n g t o n ,  i ) , C . ,  No v e mb e r  (197.'3)

15, R e g i o n a l  Bael .  Lne S t a t i o n  

C h e s t e r ,  Ne w j e r s c y

USDOE Repo r t  EMI,- 3 8 3 ,  O c t o b e r  ( 1 9 8 0 )

16.  U,  S .  Weal  h e r  B u r e a u

C l I m a t o l o g i c a 1 D a t a  -  N e v a d a  

Mean Annua  I P r e c i p i t a t i o n  193 I.- 5 5

II. S .  D e p a r t m e n t  of. Comme rce ,  N a t i o n a l  C l i m a t i c  C e n t e r ,  A s h e v i l l e ,  NC

-  11 -



TABU- :  I

MEASUREMENT SIT?'  LOCATIONS

S i t e  No . ] , oc a  L i o n Rema r k s

Mes qu  i l.e , p r  I v a  t o  r e s i d e n c e  

M e s q u i t e ,  o p e n  f j . e l . d  

B u n k e r v i l l e ,  p r i v a t e  r e s i d e n c e  

U i .vo r s  i do

Rou l e 168 ( 7 )  2 m i l e ; ;  NW o f  f - 1 5  

int. e r c h a n g e

7 mile.<. N o f  Moapa.  on  r o a d  

t o  Ca r p

pi ii it t r

u ft

875 y C i / f t 3 , s h o t  S l m a i / 0 ^

U S - 9 3 ,  4 . B m i l e s  N o f  B u t l e r  

Ran c h

1 2 6 0 - 2 7 7 0  u C i / f  l8 , rhot.  

S m o k y ^  ; 3 - 5  R i n f i n i t e  

d o s e ,  shot.  l l a r r y ^ 8 ^

K a n e  S p r i n g s  H d . , 0 . 8  mi l . e s  E o f  

U n d e r  R a nc h

12 60 -  ' 7 7 0  u C L / £  i * , s ho t  

S m o k y ' ; 3 - 5  R i n f i n i t e  

d o s e ,  shot.  H a v r y ^ 6 ^

10

11

12

13

I “ 15 ,  8 . 8  m i l e s  K o f  G l e n d a l e

U S - 9 3 ,  2,/» m i l e s  N o f  B u t l e r  

Ran ch

U S - 9 3 ,  5 m i l e s  N o f  A l a m o

L i n c o l n  C o u n t y  A i r p o r t  

( P a n a c a )

740 M d / f t 3 , s h o t
• ( 6  )S i mon

1260 - 2/70 j jC i/ l i1' , shot 
Smoky(' /' ; 3 - 5  R i n f i n i t e

/ a  \

dose, shot H a r r y

n e a r  f o r m e r  EML s amp l  i.ny
(13)

- 12 -



T A B L E  1 ( C o n l ' d )

S i t e  No, L o c a l i o n Rema rks

14

15

RouLo  322 ( 8 5 ) ,  2 . 1  m i l e s  K o f  

U K - 9 3  j u n c t i o n  ( P i o c h c )

U S - 9 3 ,  3 . 2  m i l e s  E o i  Oak S p r i n g  

S u n til) i  t

16

17

1.8

19

2^

21

22

2.3

24

25

U S - 9 3  2 0 , 5  m i l e s  E o f  C r y s t a l  

S p r i n g s

R o u t e  318 ( 3 8 )  2 1 . 5  mrlo/.  N o f  

C r y s t a l  S p r i n g s

R o u t e  3/5  ( 2 5 ) ,  2 . 2  m i l e s  W o f  

C r y s t a l  S p r i n g s

6 m i l e s  N o f  R o u t e  375  ( 2 5 )  and  

G u n d e r s o n  R d . j u n c t i o n  ( Sa r - i  

S p r i n g  V a l l e y )

^ , 6  mi . l r . s M o f  Ro u t e  375 (2 3)  on  

r o a d  Lo T e m p l a t e

Ro u t e  37 5 (2 5 ) ,  Que e n  Ci .Ly Summit

2 . 9  m i l e s  NW o f  U S - 6  on  r o a d  l o  

Tybu

R o u t e  37 5 ( 2 5 ) ,  1 8 , 9  m i l e s  K o f  

Warm . S p r i n g s  ( R a i l r o a d  V a l l e y )

U S - 6 ,  7 . 2  m i l e s  W o f  Warm 

S p r  Lugs

4 - 5  R i n f i n i t e  d o s e ,  s h e L  

Na n c y

N e a r  f o r m e r  EML s a m p l i n g  

s J. t <. (8 )

1310 ; t C i / i L  , s h o t  

B o l  tiAmann^ 7 ̂

US-6, 13.6
I t  I I

II II

26

27

28

U S - 6 ,  1 . 5  m i l e s  E  o f  R o u t e  376  

( 8 A )  j u n c t i o n

U S - 9 5 ,  4 . 5  m i l e s  N o f  C o l d f i e l d  

U S - 9 5 ,  8 m i l e s  S o f  B e a l l y

NOTE:  S u r f a c e  a c t i v i t i e s  q u o t e d  a r e  l o t i ’. 1 b e t a  c o r r e c t e d  to  H+12 h o u r s

- 1 3  -



T A B U :: 2

EXTERNAL RA D I A T I O N  LEVELS

E x p o s u r e  R a l e  QtR/h)
. o c a t i o n  

N o . Da L e Co s mi c 4 0 r Th ij Rn
1 B'7 ,,

Cs

T o t a l  Nat. l ira] ,  

Ganmia Kay T. H PI C

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

2 5 - 2 0 - 8 0 4 . 1 2 . 0 2 . 0 1.. 7 0 . 2 0 . 3 5 . 9 10 . 3 10 .0

3 5 - 2 0 - 8 0 4 . 1 2 . 0 2 . 0 1 . 2 0 . 1 0 . 3 5 . 3 9 . 7 11 .  A

4 5 - 2 0 - 8 0 4 . 1 2 . 6 2 . 6 1.. 1. 0,1. 0 . 2 6 . 4 10.7 11 .4

5 5 - 2 0 - 8 0 4 . 2 3 . 0 3 . 3 1 . 9 0 . 2 0 , 1 8 . 4 12,7 1 2 . 4

6 5 - 21 . - 80 4 . 2 3 . 7 4 , 3 2 . 5 0 . 3 0 . 2 1.0.8 15 . 2 14 .5

7 5 - 2 1 - 8 0 4 ,2 3 . 6 4 .6 2 . 2 0 .2. 0 . 1 10 . 6 j.4 .9 14 .6

8 5 - 2 1 - 8 0 4 . 6 2 .4 2 . 9 .1. 5 0 . 2 0 . 3 7 . 0 11 . 9 11. .0

9 5 - 2 1 - 8 0 4 . 6 t . o 4 . 1 I .8 0 . 2 0 . 2 10.1 1.4.9 13 .6

10 5 - 2 2 - 8 0 4 . 4 2 . 1 2 . 0 1,3 0 . 1 0 . 2 5 . 5 10 . 1 9 . 8

11 5 - 2 2 - 8 0 4 . 6 1. 2 2 . 1 0 , 9 0 . 1 0 . 2 4 . 3 9 . 1 1 0 , 2

12 5 - 2 2 - 8 0 5 . 1 4 . 6 4 . 7 2.1, 0 . 2 0 . 2 11 . 6 16 . 9 16 .6

«.:$ 5 - 2 2 - 8 0 5 . 9 3 . 5 3 , 1 1.4 0 . 1 0 . 2 8 , 1 14 . 2 13 .5

14 5 - 2 2 - 8 0 6 . 3 3 . 3 3 . 8 2 . 2 0 . 2 0 . 3 9.  5 16.1 14 .9

15 5 - 2 3 - 8 0 6 . 6 4 . 7 5 . 6 2.1 0 . 2 0 . 3 12 . 6 19 , 5 1 8 . 9

1.6 5 - 2 3 - 8 0 6 , 0 4 .3 :i , 3 2.  5 0 .  i 0 .  ) 12 .4 .18 . / 1 / . 2

17 5 - 2 3 - 8 0 5,7 4 . 3 5 . 4 2 . 3 0 , 2 0 . 2 12 , 2 18.1 17 .2

18 5 - 2 3 - 8 0 .5.5 4 . 1. 5.  5 2 , 2 0 . 2 0 .  i 12 , 0 1.7 .8 I 7 .3

19 5 - 2/ i - 80 6 . 0 5 , 3 5 . 9 -u
- 0 . 2 20 ,8

20 5 - 2  5 - 8 0 6 .3 1 .9 2 . 6 1.6 0 .2 0 ,  > 6 , ! 12 .9 1.3 .2

21 5 - 2 5 - 8 0 6 . 6 5 . 0 4 . 9 2 . 1 0 . 2 0 , 5 12 . 2 19.  1 1 8 . 9

♦ M e a s u r e m e n t  n e g a t e d  b y  r a d o n  d a u g h t e r  w a s h o u t ,  

3 33
a a e

Th -  a 3 ® T h  4- d a u g h t e r s

U U d a u g h t e r s

5'.; -  o f  i n d i v i d u a l  n u c l i d e s  p l u s  

c o s m i c

HP 1C -- h l g n  p r e s s u r e  I o n i z a t i o n  cha mb e r

- 1.4



TABLE 2 ( C o a t ' d )

E x p o s u r e  R a t e  ( u R / h )

L o c a t i o n

N o . D a l e C o s m i c “ K Th U Rn
1 37 „  

Cs

T o t a l  N a t u r a l  

Gamma Ray T, HPI C

22 5 - 2 6 - 8 0 6 . 2 3 . 8 4 . 2 2 . 4 0 . 2 0 . 3 1 0 . 6 1 7 . 1 1 6 . 5

23 5 - 2 6 - 8 0 6 . 0 4 . 1 3 . 9 2 . 0 0 . 2 0 . 3 10 . 0 16.  5 1 6 , 3

24 5 - 2 6 - 8 0 6 . 7 4 . 4 4 . 3 2 , 1 0 . 2 0 . 3 1 1 .0 1 8 . 0 1 8 . 1

25 5 - 2 6 - 8 0 6 , 4 5 . 2 4 . 4 2 , 2 0 . 2 0 . 2 12 .0 1 8 . 6 1 8 . 3

26 5 - 2 6 - 8 0 6 . 2 4 . 8 3 . 9 2 . 4 0 . 2 0 . 2 11 . 3 1.7 .7 17 .2

27 5 - 2 7 - 8 0 6 . 2 4 . 2 6 , 0 3 , 6 0 . 4 0 . 3 14 .2 20 . 7 1 9 . 5

28 5 - 2 7 - 8 0 4 . 7 4 . 6 5 . 4 2 . 3 0 . 2 0 . 2 i : ' . .5 1.7 .4 1 6 . 8
J

- 15 -



t a i i i . i : i 

8 0 11, SAM l’M :  d a t a

KMl, 1.1.'. Dopih Wo: W t , *  Dry W t . * *  1^0 Concen t ' r f l t i on  ( p C l / R - d ry )
Kirn, No. (cm) u )  (fO ( j )  ^  Am

2 S - 2 7 51 0 - 2 . 5 0 V* 6 5 3 2.3 1 . 0 0 9 3  . 0 1 0 - 0 . 0 0 4 * . 0 0 2

52 2 . 5 - 5 f m 6 3 8 2 4 0 . 9 5 ( 1 1 , 0 2 9

5.1 5 - 1 5 2)123 2 0 ‘M 2 6 0 . 2  UU . 0  13

} V. l ) -  ? .  5 <•< 1 fl 4 1 5 0 0  . 6 9 2 1  . 0 0 8

5 5 i ’ . 5 ■■5 511/ 4  98 2 0  . 7 0 9 1  . 0 1 7

56 5 - 1  5 2 5 '17 24.3 6 0  . 6  I t  I . 0 0  7

4 57 0 - 2 . 5 8 4  6 8 1 7 0 0 . 8 5 7 * . 0 0 7 0 , 0 1 6 * . O i l 0 . 0 1 1 * . 0 0 2

58 2 . 5 - 5 5 SO 5 0 ‘j 0 0  . 4  9 J * , 0  1 3

59 5 - 1 5 2 9 1 3 2 / 3 8 1 0  , 0 4  01- 0 0 8

5 6 0 0  - 2 .  •> 6 4 0 6  28 '1 0  , 4 3 ' M  , 00H .

61 2 . 5 -  5 /U2 6 6 8 II 0 . 0 5 4 t . 0 1  )

62 5 t 5 /<iH 1 2 8 2  6 1 <t u n n i -  .oo. ' ,

6 6  1 n -  2  . 5 /(•I /I I 0 0 . 4  1 2.t , 001. .. „

64 2 .  r>-5 5 4 11 5 4 0 0 o . i :>'H . o i n

6 5 r> - 1 5 .')</ 1 2 / 0 / 2 0 , 0 9 9 ( :  . 0 1 0

? Of; 0 - 2 . 5 h  56 6  50 1 0 . 4 0 ) . ( . 0 0  7 .

( 0 2 . 5 - 5 0 0 7 6 01 0 0 , c  7 U  . 0 1 0
6 8 5 - 1 5 2 0 1 2 2 53ft 2 0 .006. f r . .  0 0 3

* 6 9 0 - 2  . 5 0 9 4 6  53 0 1 . 0  5 6 * .  0 0 8 * 0 . 0 1 3 * .  0 0 3
7 0 2 , 5 - 5 ? n  i 6 36 0 0 . 2 7  9:t- . 0 1 2

1 I 5 - 1 5 3 o s  i 2 6 0 9 2 0 , 0 2 2 1 . 0 0 /

9 1 2 0 - 2 . 5 6 9 2 6 W 0 0 . 6 1 1 ^ .  .OOH » 0  , 0 0 5 - v  , 0 0 3
!  ) 2 . 5 - 5 7 0 4 6 79 ). 0 . 1 2 7  1 . 0 1 6

//> 5 -  1 5 2 / 2 / 2 5/7 3 0 , 0 ?  I t .  0 0 9
V 5 t 11 l ow. ' i .mi l V t / J ( 4/  1 (1 t . 0 8 ! * , 0 0 9 * 0 , 0 1  U . 0 0 3

10 7 6 0 - 2 , 5 881 ? 4 0 0 0 . 9 4 9 1 , 0 0 ? 0 ,  1 6 * 0 , 1  1 0 , 0 1 1 * . 0 0 2
// 2 . 5 - 5 6 6 0 5f>4 0 0 .  1 ) 8  1; . 0 1 4

/8 5 - 1 5 ?(>•)-'( 2 14 H o 0 . 0  2 1 . 1 . 0 0 7

12 79 ( 1 - 2 . 5 R/7 8 7 5 0 0 , 6 1 5 t . 0 0 8

1HI 2 , 5 - 5 6 HO 6 6 / 0 0  , 0 6 0 k , 0 1 0

HI 5 • 1 5 2 (1/0 2 / 5 2 4 0  .{>07 1 . 0 0 4

13 8 2 0 - 2 . 5 6 / / 6 4 / 1 0 , 8 0 1 * , 0 0 9 *

113 2 . 5 - 5 0 0 1 54 1 4 0 ,  ! 7 6 t . 0 1 3

8 4 5 - 1 5 2 6 5 7 2 2 7 3 7 0 . 0  > 5 ! .  , 0 0 8

14 8 5 0 - 2 . 5 AO? 3 8 9 2 1 . 0 7 3 * . 0 1 0 0 , 0 0 3 * . 0 0 2
8 6 2 , 5 - 5 4 4 2 3 9  5 10 0 . 8 3  5 * .  0 3 7
0 7 5 - 1 5 2 19 5 2 0 2  3 1 5 0 . 1 8  ± . 0 1

1 5 8fl 0 - 2 . 5 731 >19 i 0 , 6 5 / * . . 0 0 9 .. „

B9 2 . 5 - 5 6 5 1 6 0 0 4 0 , 2 0 3 * . 0 1 2

9 0 5 - 1 5 28(14 2 6 5 7 7 0 . 0 1 3 1 . 0 0 8

- 16 -



i,\U| !' I (['mil M>

V 5 . V-<U.*«n~(P£fia-..<!.ry)......   ....
( 1 )  ' u  5 A m  C o

\b <: -?7‘H 0 - ? .') i 7 f 1 0 ,MOi .00'/ - . -
'U ? , ' ) '  (> /i! 7 •■jh ; 0 .OB'i i (IK)
*n 2MI 1 ,>A *, j <> !' ,0O6j ,007

1? •Ut U-2 . ;c  s l) 0 , h.'hi .OtH .
or> 7 . ■>-*> ? Ml ■ ;iv, 7 0
‘Mt ■ \ ’> 11 ?/!?■» * 0.0 M U. 009

I R V? 0 ■ 2 . •* H H 2 fl.'i 1 0 M l r,i .00.1 .
2 .') - 5 V i ) 5 ^ iUf)i o i■'»

OQ S-l* ■}U\ H 77U7 6 O.OK't.OOV

l<> S. 2flt>0 U ■ /. f> w . UI) 1 o .f,o:i i ,o w 0.0flfV±.026 0,0261,006 ..
Ui ?. v  r, (,'lh hi A o . v  u  ,o?o
02 S-T) 2V,f) 7 Hi 7 't 0.0^ 'ji .00'*

n i 11 * .* . r< V‘\\ :'} \ D {'■ oO’f . .. ,
d/i 2  ̂• r> *.'i! •> S/, 1 J «) .O'.', \ ,o ‘ i>
OS - 1 S 2 fW 1 ) ] n fv.ijt non

n fih 0 / '> M)i 12 I 1 0 . 12/H 0 13 0 .0 75*.00ft O.OftO*
iH ? V :< 'i U* n 'rif-i ooy 0.067K013 O.OSOj^OOft 0.012*
m S l'i /“ I') ? w ; I/. o (pH \ oio
m i n - ;*o ?? v* 3 )?

7.7 10 0 - ? . 'i 71 I •" > :> cj 0 'HO* O lt‘ 0 .003*.003 »
; t 2 ''-r) *>11 ? 0 .oj 1
i ? VI) t', o .»)tir>j oi.(.

n i ) f> -? s fi 10 VtH i . n i l  on*) - 0.007*.003 -
1ft 7 ;?o . 1 07tHr>r.020
is v n 10(lB ?HO| 1 O.tJOKl .006

Vt i !' o 2 *j KOS I ) 1 o n 0 0201 o n 0.032i.00ft
IV 2 ■' ’i M ? j (.»./*>/j 0/0
Hi fi • r> } o .in  *i .oos

Wn nli *.?*» J 0 . }?i) \ .OOH
S (*d 1 nuMi I 1

?'> vn D - 1 0 A / | 0 0101,009 0 006*,003
21 ‘/ .S 'S } 0
:.7 v  n H i n *, O.O/aU 0!0
n 0 - 2 . !s M fi S ;*<) 0 0 v»i*.otU< _ .
2u 2 .V S t- Vi \ I 0 , I if, t ,\)10
r> V IS ; m 3 0 ,0 j ‘U OD/t

2 7 ?u 0 -2. *-• dM6 0 0 , } )*i\ ,00H - .
2} * ■ 5 -r) MW  ̂16 2 O A ' A i  .01?
ii\ S IT ' fj f‘ oo<j i .otn

28 n 0 ■ J .5 ? *2 .-K 0 0.5501.025 - . r
10 >.i-5 hfi1) 61? 0 0.12 ? i .015

5- IV ;/4)8 i 0.01 H i .009
- - ___. ... _ . .. _ __ „ .... ........ ................. .. __ _

*>£ by u« ( k)i ( of Id s i tu  umter l ul  Inc Iml Inn nuka. 1 (ivab onttiple, iiiulaflntd j fo a ja U  186
**( xcltidcs iurk*, cn? l» uvea otherwise noted,

tf>?0 crif /tien.

N O T B :  U n i v r  t « I » t  I t ' B  n r e  I  O  I’ o h m o n  c o u i i i I i i k  c t r o r o ,
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TABLli 4

CESI  UM~ L3 7 i NVENTOR I.KS (MAY 1 9 8 0 )

Silt:  No .

t'u'Ld S p e c  I roim'I r y
...........~  ' ry"

t-pm a /p  mCi./kiif

Sa mp U?

Me a s a r  tui, F va c I i o n  

tnCi/knf  oi '  T o i a l

C o r r c c  t ed ,  

inC: i/lcn?

1. 1 2 . J f: 1 , i 0 . It - ,()l!i !5 ■- i 10 ~ -

? 2 f> ./)-U .2 0 . 1 ! 88:1.1 i 94 0 .4 3 103:1:1.3

3 3 3 . M . I  ,8 0  .03 2 0 9 J ; 3 1 * 11 7 0 .43 2 7 2 ± 41*

4 20 , 0 : U  .4 0 , 2 3 3 7 S 7 1 . 0 0 5 7 * 9

5 9. 6)0.') 0  . 4 3 1.3.1 !’ 18 1 . 0 0 18.1.3

6 2 5.4 1 1 2 1) . 1 1 f. 1 f~9 r> 0  . 9i> 3 6.1: .5

I 10 . B h 1 ’ 0 .44 I >: ’ i / 1,. 0 0 173/3

H .O r! . 3 0 . 16 34 t:8 so 1 ,0 0 SO i'.,8

ll 3 3 . 8 ! 1 , \ u . Vi 3 5 >  > 79 ) . 0 0 3 4  1:4

10 2 3 . 6 1 1  .0 0  .3 5 3 fvl 3 4 4 1 . 0 0 44:1:7

) J 34 .11,1.6 0 .  i')i; 3 7 l.f> - ~ -

12 '4 . 8:1. 1 , / 0 .'Wt ,i4/t:5 S3 I . 0 0 131:3

13 3 8  ,0:1:1. .3 0 . 2 {i A 7,1/ 4.3 1 .0 0 43.i-.6

1 4 3 ! , i 1: I . f> 0 . 3 1 6 1 y}> 6 0 0 , 4 7 621:9

15 3't . i l l .  / 0 .34 531,8 34 1 .0 0 34:15

16 >4 . H:1 . / 0 . 53 44.f.7 3/ 1. .0 0 3 7 iA
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