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a ,  

The U.S. Geologica l  Survey e s t a b l i s h e d  a water -sampl ing  network 

i n  c e n t r a l  and wes te rn  Colorado o n ' b e h a l f '  o f  t h e  U. S..  Atomic Energy 

Commission t o  sample t h e  hydro log ic  environment  p r i o r  t o  and d u r i n g  

the r e e n t r y  d r i l l i n g  and the  gas-produc t i o n  t e s t  phase  of P r o j e c t  

Ru l i son ,  a n  experiment t o  s t i m u l a t e  gas  p r o d u c t i o n  from a  low y i e l d  

r e s e r v o i r  by a  n u c l e a r  exp los ion .  Samples o b t a i n e d  from s e l e c t e d  

s t r eams ,  w e l l s ,  s p r i n g s ,  and from p r e c i p i t a t i o n  a r e  ana lyzed  f o r  

t r i t i u m ,  g r o s s  a l p h a ,  and g r o s s  b e t a  a c t i v i t y .  The a n a l y s e s  a r e  

made i n  l a b o r a t o r i e s  o f  t h e  U. S. G e o l o g i c a l  S u r v e y ,  Denver ,  Colorado.  

This  r e p o r t  c o n t a i n s  d a t a  from a n a l y s e s  o f : samples  from t h e  1 

. network c o l l e c t e d  p r i o r  t o  r e e n t r y  d r i l l i n g  ( s t a r t e d  A p r i l  2 8 ,  1970),  

i n c l u d i n g  sample d a t a  o b t a i n e d  bo th  p r i o r  t o  and a f t e r  t h e  n u c l e a r  

d e t o n a t i o n .  The. d a t a  a r e  i n t e n d e d  ' t o  g i v e  r e p r e s e n t a t i v e  v a l u e s  

over  approximate ly  a  1-year  p e r i o d  and t o  show v a r i a t i o n s  i n  n a t u r a l  

r a d i o a c t i v i t y .  



A d e s c r i p t i o n  o f  t h e  p rocedures  used i n  c o l l e c t i o n ,  a n a l y s i s ,  and  

r e p o r t i n g  o f  d a t a  i s '  i n c l u d e d  t o  a l l o w  t h e  r e a d e r  ' t o  e v a l u a t e  t h e  

q u a l i t y  of t h e  d a t a  p r e s e n t e d  and t o  pe rmi t '  d i r e c t  comparison b'etween 

d a t a  o b t a i n e d  by the  Geo log ica l  Survey and by - o t h e r  a g e n c i e s .  

Water samples  w i l l  be c o l l e c t e d  from t h e  sampling p o i n t s  ( f i g .  1). 

u n t i l  t h e  f l a r i n g  of gas.  i s  d i s c o n t i n u e d , '  S t ream and composi te  . . . . 
. . 

p r e c i p i t a t i o n  samples w i l l  be t aken  t o  c o i n c i d e  w i t h  t h e  gas  p r o d u c t i o n  

schedule :  A sample w i l l  b e  taken  t o  c o i n c i d e  wi th  each  phase  of  h i g h -  

volume gas p r o d u c t i o n  and wi th  each p e r i o d  of  low-volume gas  p r o d u c t i o n  

o r  s h u t - i n  p e r i o d .  I n  a d d i t i o n  t o  t h e  sampl ing  d u r i n g  t h e  g a s - p r o d u c t i o n  

phase ,  s t r eams  w i l l  be sampled eve ry  30 days  a f t e r  t h e  s t a r t  of  r e e n t r y  

d r i l l i n g .  W e l l s  and s p r i n g s  w i l l  be sampled 30 days  a f t e r . t h e  s t a r t  o f .  

r e e n t r y  d r i l l i n g  and' t h e n  eve ry  60 t o -  90 days  t h e r e a f t e r .  1.f anomal i e s  ,. 

a r e  d e t e c t e d  a t  any sampl ing  p o i n t ,  t h e  f r equency  o f  sampling w i l l  be 
I 

i n c r e a s e d .  

SAMPLE -COLLECTION PROCEDURES 

The low l e v e l s  of  n a t u r a l  r a d i o a c t i v i t y  i n  environmenta ' l  waters .  

make i t  i m p o r t a n t  t o  c o l l e c t  samples i n  a  manner t h a t  minimizes con-  

t amina t ion  o f  t h e  sample d u r i n g  and a f t e r  c o l l e c t i o n .  S a m p l e - c o l l e c t i o n  

p rocedures  a r e  d e s c r i b e d  t o  pe rmi t  e v a l u a t i o n  o f  a n a l y t i c a l  d a t a  

s u p p l i e d .  The ..sampling t e c h n i q u e  'used depends  on whe the r  a. s u r f a c e -  

w a t e r ,  a ground-water ,  o r  a  p r e c i p i t a t i o n  sample i s  c o l l e c t e d  and on 

t h e  type  o f  a n a l y s i s  t o  be made. A d e s c r i p t i o n  of t h e s e  t e c h n i q u e s  
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FIGURE I.-- Locations of the u:S. 'Geological Survey water-sampling points, Project Rulison. 



Surface-Water Samples 

Samples t o  be analyzed f o r  t r i t i u m  a r e  c o l l e c t e d  i n  32-ounce g l a s s  

' b o t t l e s  f i t t e d  wi th  nonporous screw caps .  The b o t t l e  i s  i n v e r t e d  and 

immersed i n ,  water  w i t h  the  b o t t l e  neck docrin. It i s  the i l  - t u rned  u p r i g h t  

and r e t u r n e d  t o  the  su r f ace .  

- The f i r s t  d i p  i s  used a s  a  r i n s e  and d i s c a r d e d  i n  such a  manner 

t h a t  t h e  sampling p o i n t  i s  no t  d i s t u r b e d .  , The sample i s  c o l l e c t e d  i n  

t he  same manner a s  above, us ing  t h e  same b o t t l e .  The screw cap i s  

t i g h t l y  a f f i x e d ,  t he  o u t s i d e  of t h e  b o t t l e  i s  d r i e d ' w i t h  a  d i s p o s a b l e  

towel t o  avoid cross-contaminat ing t h e  b o t t l e s ,  and  t h e  b o t t l e  i s  

l a b e l e d .  The cap i s  s ea l ed  with v i n y l  t a p e  t o  e n s u r e  t h a t  t h e  sample 

i s  n o t  contaminated be fo re  a r r i v i n g  a t  t h e  l a b o r a t o r y .  

Samples t o  be analyzed f o r  g r o s s  a l p h a  and g r o s s  b e t a  r a d i o a c t i v i t y  

a r e  c o l l e c t e d  i n  the  same manner a s  t he  t r i t i u m  samples ,  u s i n g  a  4 - l i t e r  

po lye thy lene  b o t t l e  w i th  a  po lye thy lene  sc rew cap .  T h i s  b o t t l e  i s  a l s o  

s e a l e d  wi th  v i n y l  t ape  and the b o t t l e  l a b e l e d .  The samples  a r e  f i l t e r e d  

i n  t h e  l abo ra to ry  through a  0.45-micron f i l t e r  membrane, and s e p a r a t e  

I de te rmina t ions  of g r o s s  a lpha /g ros s  b e t a  a c t i v i t i e s  a r e  inade on t h e  

I sediment  and the  f i l t r a t e .  



� round-water Samples 

.Samples t o  be a n a l y z e d  f o r  t r i t i u m  a r e  c o l l e c t e d  i n  32.-ounce g l a s s  
. . 

b o t t l e s ' w i t h  nonporous s c r e w . c a p s .  The sample i s  c o l l e c t e d  i n  a manner 

t h a t .  e l i m i n a t e s  o r  a t  l e a s t  min imizes  c o n t a m i n a t i o n  by a i r .  I f  a  

submers ib l e  pump i s  i n  u'se and a  ho'se c o n n e c t i o n  i s  a v a i l a b l e  a t  t h e  I 
w e l l  head ,  a  h o s e  i s  a t ta ,ched  t o  the ,  c o n n e c t i o n  wi'th t h e  f r e e  end of  

t he  h o s e  t o u c h i n g  t h e  i n s i d e  bot tom of  t h e  32-ounce g l a s s  b o t t l e ;  The , 

b o t t l e  i s  a l l owed  t o  f i l l  and f l u s h  f o r  a b o u t  30 seconds .  The f r e e  end I 
! 

of  t h e . h d k e  i s  s l o w l y  withdrawn. t o  minimize a i r  .entrainrnen't  i n  t h e  w a t e r .  

The b o t t l e  i s  t h e n  capped,.  sealed.  w i t h  . t a p e ,  and l a b e l e d .  

I f  no tap  i s  a v a i l a b l e  a t  t h e  w e l l  head ,  a  sampl ing  p o i h t  and  

procedure  i s  chosen  which w i l l  p r o v i d e  a  sample w i t h  t h e  l e a s t  .prob-  

a b i l i t y  o,f a i r ,  c o n t a m i n a t i o n .  ~ e v i a t i o n s  from t h e  liormal p rocedure  a r e  

n o t e d - o n  t h e  b o t t l e  l a b e l .  

Samples t o  be a n a l y z e d  f o r  g r o s s  a l p h a  and g r o s s  be ' ta  r a d i o a c t i v i t y  

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

c o l l e c t i o n  pokn.t a s  t h e  t r i t i u m  samples ,  bu't t h e  w a t e r  i s  p l a c e d  i n  a 

1%-ga l lon  p r e s s u r e - . f i l t r a t i o n  u n i t .  The f i l t r a t i o n  u n i t  i s  s e a l e d  and 

n i t r o g e n  g a s  under  a  p r e s s u r e  o f  a b o u t  20  p s i '  (pounds p e r  s q u a r e  inch )  

i s  a p p l i e d ,  f o r c i n g  t h e  w a t e r  t h rough  a  4 - inch ,  0 .45-micron membrane 

f i l t e r  pad. The f i l t e r  and '  t h e  4 - l i t e r  p o l y e t h y 1 e n e . r e c e i v i n g  b o t t l e  

a r e  r i n s e d  by t h e  f i r s t  few hundred  m i l l i l i t e r s  of  w a t e r  t h a t  come 

through t h e  f i l t e r ,  t h i s  r i n s e  w a t e r  i s  d i s c a r d e d ,  and then  t h e  4 - l i t e r  

p o l y e t h y l e n e  ' b o t t l e  i s  ' f i l l e d . "  Concen t r a t ed  , (about  12 molar)  hydro-  

c h l o r i c  a c i d  ' ( r e a g e n t  g r a d e ,  i n  g l a s s  akpou le s )  , i s .  added t o  thP sample 



u n t i l  t h e  pH o f  t h e  sample i s  1 o r  l e s s ;  t h e . b o t t l e  . i s  t h e n  capped ,  

sea1,ed w i t h  t a p e ,  and l a b e l e d .  ' r 

P r e c i p i t a t i o n  Samples  
. 1 

. The p r o c e d u r e  d e s c r i b e d -  below i s  fo' l lowed i n  t h e  c o l l e c t i o n  of 

. . each sample t o  be ana lyzed  f o r  b o t h  t r i t i u m  a n d - g r o s s  a ~ ~ h a / ~ r o s s  b e t a .  
. . 

The p rocedure  may v a r y  a c c o r d i n g  to  s i t e ,  type  o f  p r e c i p i t a t i o n ,  and  

I d a t e  of c o l l e c t i o n .  The p r o c e d u r e s  t h a t  have  been used  i n  c o l l e c t i n g  

t h e  samples  d i s c u s s e d  i n  t h i s  r e p o r t  a r e  d e s c r i b e d  below. A d d i t i o n a l  

p rocedures  f o r  c o l l e c t i o n  of  r a i n  samples  w i l l  be d i s c u s s e d  i n  a 

1 .  l a t e r  r e p o r t .  

P r o c e d u r e .  1. --Snow samples  a r e  packed i n t o  32-ounce g l a s s  b o t t l e s  

. . 
which a r k  t h e n  capped ,  ' s e a l e d  'with t a p e ,  and l a b e l e d .  

P rocedure  2 , - -A .po lye thy lene  bag i s  h a l f - f i l l e d . w i t h  snow, l a b e l e d ,  

l and s e a l e d .  A f t e r  t h e  snow has  m e l t e d ,  t h e  w a t e r  i s  poured i n t o  t h e  
I 

a p p r o p r i a t e  b o t t l e s - - a  32-ounce g l a s s  b o t t l e  f o r  t r i t i u m  ana1 ,ys is  and a  

4 - l i  t e r  p o l y e t h y l e n e  b o t t l e  f o r  g r o s s  a l p h a / g r o s s  b e t a  a n a l y s i s .  The 

b o t t l e s .  a r e  capped ,  s e a l e d  w i t h  t a p e ,  and .  l a b e l e d .  

. . 
, I 

LABORATORY PROCEDURES 
, . I 

, . 

Water s amples  r e c e i v e d  f o r  a n a l y s i s  a t  t h e  .Denver l a b o r a t o r y  a r e  ' 1  
f i r s t  a s s i g n e d  a  l a b o r a t o r y  number. S a m p l e - b o t t l e s  a r e  marked w i t h  

t 

t h e s e  numbers and  a l l  p e r t i n e n t  in for .mat ion  s u p p l i e d  w i t h  t h e  samples  

i s  typed on t h e  a n a l y t i c a l  t r a n s m i t t a l  s h e e t .  The b o t t l e s  a r e  t h e n  

taken  t o  t h e  a p p r o p r i a t e  l a b o r a t o r y  f o r  a n a l y s i s .  A summary of  t h e  
. . 

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



T r  i t ium 

The samples  of  w a t e r  a r e  ana lyzed  f o r  t r i t i u m , b y -  l i q u g d  

s c i n t i l l a t i o n  c o u n t i n g .  A s m a l l  volume of t h e  sample i s  d i s t i l l e d  

t o  d ryness .  Using a n  a l i q u o t  o f  comple te ly  d i s t i l l e d  sample e l i m i n a t e s  

I 

i n t e r f e r e n c e  caused  by d i s s o l v e d  s o l i d s  a s  w e l l  as p o s s i b l e  f r a c t i o n -  

a t i o n  e f f e c t s .  For  c o u n f i n g ,  a 4 . 0 - m i l l i l i t e r  a l i q u o t  of t h e  sample 

d i s t i l l a t e  i s  mixed w i t h  1 8 . 0  m i l l i l i t e r s  o f  a  dioxane,-base,  l i q u i d -  
. . 

s c i n t i l l a t i o n  "cock ta ' i l "  i n  a  po lye thy lene  c o u n t i n g  v i a l .  ~ a b o r a t o r ~  

p rocedures  a r e  des igned  t o  minimize a i r  c o n t a c t  w i t h  t h e  sample. The 

v i a l  i s  p l a c e d  i n  a  Beckman Model LS-100 o r  a  Nuclear  Chicago Mark I 
I 

. . l i q u i d - s c i n t i l l a t i o n  . s p e c t r o m e t e r  and ( t h e  sample i s  coun ted  f o r  a t  

l e a s t  240 minutes .  

T r i t i u m  s t a n d a r d s  o f  known c o n c e n t r a t i o n ,  o b t a i n e d  from the  

N a t i o n a l  Bureau  of S t a n d a r d s  , ,and wa te r  w i t h  no t r i t i u m  a c t i v i t y  

(b l ank) ,  o b t a i n e d  from deep w e l l s ,  a r e  counted  w i t h  each  group of 

samples.  The a c t i v i t y  computed f o r  a  sample i s  c a l c u l a t e d  by 

comparing t h e  v a l u e s  of s t a n d a r d s ,  b l a n k s ,  and s.amples. The. d a t a  

a r e  a d j u s t e d  f o r  i n s t r u m e n t  n o i s e ,  d e t e c t i o n  e f f i c i e n c y ,  and random 

p r o c e d u r a l  e r r o r s .  

A d e t e c t i o n  l e v e l  f o r  t h e  s e t  o f  samples i s  c a l c u l a t e d  us ing  t h e  

fo l lowing  procedure . ,  Two t i m e s  the  t h e o r e t i c a l  s t a n d a r d  d e v i a t i o n  of  

the mean o f  t h e  c o u n t s  o f  e a c h  sample i s  c a l c u l a t e d  by t h e  equat ion  



where: ..& i s  the  t h e o r e t i c a l  two-sigma ,(counting s t a t i s t i c s ) ,  . . 

raw c d u n t s  r e p r e s e n t s  t h e  t o t a l  number of  coun t s  r e g i s t e r e d  

.£OF t h a t  sample, 

t i s  the  t o t a l  time t h e  sample was. counted. 

i n  exper imenta l  two-s'igma 'for' each' sample i s  then c a l c u l a t e d  by 

where: 2s i s  t h e  exper imenta l  s tandard  d e v i a t i o n ,  

n  i s  the  number o f  t imes the  sample was counted,  

- 
X i s  the  mean coun t ing  r a t e  o f  t h e  sample, 

X. a r e  t h e  i n d i v i d u a l  count ing r a t e s  of t h e  sample. 
1. 

The l a r g e r  o f  t h e  two va lues  (2a, 2s) ' i s  chosen a s  t h e  p robab le  

e r r o r  ( the  95 p e r c e n t  conf idence  l e v e l )  f o r  the sample. Samples f o r  

u s e .  i n  the  c a l c u l a t i o n .  o f .  d e t e c t i o n ,  l e v e l  a r e  chosen by comparing t h e  

counts-per-minute (cpm) v a l u e s  (X. )  o f  each sample w i t h  a  v a l u e  o f  
1 

1 . 2  t imes t h e  average  background cpm (no te  t h a t  1 . 2  t imes average  

background average background +20 o r  2s f o r  t h e  background). Only 

tho'se sample va lues  which a r e  l e s s '  than 1 . 2  times average background 

(Xi) a r e  used i n  d e t e r m i n a t i o n  of  t h e  d e t e c t i o n  l e v e l .  

. . 
The 2a o r  2 s  va lues  'corresponding t o  the X '  va lues  chosen a r e  

i 

tabu la ted  i n  o r d e r  o f  i n c r e a s i n g  magnitude, summed, and t h e  95-percen t i l e  

value  determined.  T h i s  v a l u e  i s  considered the  d e t e c t i o n  l e v e l .  A value 

of  about 200 to  4 0 0  t r i t i u m  u n i t s  o r  640 to  1,280 p ~ i / l  ( p i c o c u r i e s  pe r  

l i t e r )  has  been determined by t h e  above procedure to  g e n e r a l l y  be t h e  

d e t e c t i o n  l e v e l .  

8  



The u n i t s  u s e d  i n  t h i s  r e p o r t  f o r  r e p o r , t i n g  t r i . t i um i n  water  
. . 

samples a r e  b o t h  t h e .  t r i t i u m  - u n i t  (TU) , d e f i n e d  i n  J a c o b s  (1968) a s  

a c o n c e n t r a t i o n  o f  one t r i t i u m ,  atom i n  1018 pro t ium a toms,  and t h e  

.. . a c t i v i t y  u n i t  o f  p ~ i / l  (3.20 p ~ i / l  = 1 TU) . ' The t r i t i u m  v a l u e s  . a r e  

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

. . ,  
.' Gross  Alpha and Gross .  B e t a  

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

by e v a p o r a t i n g  a  s u i t a b l e  q u a n t i t y  of t h e  w a t e r  i n  a t e f l o n  -. 
e v a p o r a t i n g  d i s h ,  t r a n s f e r r i n g  t h e  r e s u l t i n g  s o l i d s  w i t h  small  amounts 

I 

I 
I 

of d i s t i l l ' e d  w a t e r  o n t o  a r i n g e d  p l a n c h e t ,  e v a p o i a t i n g  t o  d r y n e s s  a t  ! 
0 

103-105 C , and c o u n t i n g  t h e s e  ' p l a n c h e t s  i n .  a thin-window, f lowing-gas ,  
. . 

p r o p o r t i o n a l  c o u n t e r .  Samples f o r  which r a d i o a c t i v i t y  v a l u e s  on  sus; 

pended m a t e r i a l s  a r e  d e s i r e d  a r e  f i l t e r e d  i n  t he  l a b o r a t o r y  through a  . , I 
0.45-micron membrane f i l t e r ,  and t h e  f i l t e r  cake i s  d r i e d  a t  103-105 '~  

b e f o r e  c o u n t i n g .  Alpha and b e t a  v a l u e s  a r e  o b t a i n e d  from the  same 

p l a n ~ h e t .  The d a t a  a r e  compared w i t h  a  c a l i b r a t i o n  c u r v e  o b t a i n e d  by 

add ing  known amounts  o f  Cs-137 o r  S r -90  t o  s y n t h e t i c  w a t e r s  hav ing  

s i m i l a r  c o ~ p o s i t i o n s  t o  t h o s e  of the. w a t e r s  being ana lyzed .  
. . 

The d e t e c t i o n  l e v e l  i s  de t e rmined  accord ing  t o  p rocedures  d e s c r i b e d  

by Barke r  and Robinson (1963). They d e s c r i b e  two c a s e s  as fo l lows :  

(1) I f  t h e  n e t  sample c o u n t i n g  r a t e  exceeds t h e  background 

c o u n t i n g  r a t e  by more than  two s t a n d a r d  d e v i a t i o n s ,  

c a l c u l a t e  t h e  b e t a  a c t i v i t y  from t h e  e q u a t i o n  

1 , 0 0 0  (R-B) 
EV 



. , 
where' R  = g r o s s  coun t ing  r a t e  

B = background coun t ing  r a t e  i n  c o u n t s  p e r  minute 

V = sample volume ' i n  m i l l i l i t e r s  

E = e f f i c i e n c y  o f  ins t rument .  

(2) I f  the  n e t  sample c o u n t i n g ,  r a t e  does  n o t  exceed t h e  back- 

ground coun t ing  r a t e  by more t h a n  two s t andard  d e v i a t i o n s ,  

t h e  r e s u l t  i s  repor ted  a s  l e s s  t h a n  t h e  minimum d e t e c t i o n  

l e v e l  (MDL). 

2,000 an 
MDL = EV 

where a = t h e  s t andard  d e v i a t i o n  of t h e  n e t  c o u n t i n g  r a t e  
n  

and i s  c a l c u l a t e d  by t h e  fo l lowing  equat ion:  

where a = t h e  s t andard  d e v i a t i o n  of background coun t ing  r a t e  
. B 

tR = sample coun t ing  t ime.  

The u n i t s  f o r ,  r e p o r t i n g  t h e  a lpha  and b e t a  d a t a  i n  t h i s  r e p o r t  ! 

a r e  chosen t o  .a l low comparison w i t h  d a t a  r e p o r t e d  by o t h e r  a g e n c i e s .  

These u n i t s ,  and t h e  s t a n d a r d s  which were used f o r  c a l i b r a t i o n ,  a r e  

d ikcussed below. 

The g r o s s  a l p h a  and g r o s s  b e t a .  d a t a  a r e  repoz'ted t o  two  

s i g n i f i c a n t  f i g u r e s  f o r *  .va lues  g r e a t e r  than 1 . 0  p ~ i / l  and one 

s i g n i f i c a n t  f i g u r e  f o r  v a l u e s  l e s s  than 1 . 0  ~ ~ i / l .  



Gross Alpha 

The U.S. Geologica l  Survey h a s  used n a t u r a l  u r a n y l  a c e t a t e  a s  an 

a lpha  s t a n d a r d  s i n c e  1957,. The term. " n a t u r a l  -uraniumf' i s  d e f i n e d  i n .  

the  Code of  F e d e r a l  Regula t ions  1 0  CFR 1 5 0 . 2 0 . 5 ~  a s  3 ,000 k g '  (ki lograms) 

n a t u r a l  U E l  C i  ( c u r i e )  n a t u r a l  U (3.7 x 1010 d i s i n t e g r a t i o n s  p e r  

second p38) + (3.7 x  101° d i s i n t e g r a t i o n s  per  second @ 3 4 )  

+ ' ( 9 . x  108 d i s i n t e g r a t i o n s  p e r  second @35). Therefore  t h e  convers ion  

from. r a d i o a c t i v i t y  expressed a s  . u n i t s  of mass t o  u n i t s  o f  r a d i o a c t i v i t y  . ,  

a,s p ~ i / l  i s :  l p c i / n a t u r a l  U = 3  pg (micrograms) n a t u r , a l  U. I n  t h i s  

r e p o r t ;  t h e  g r o s s  a l p h a  d a t a  a r e  p resen ted  both i n  u n i t s  of  mass 

(ug  liter) and i n  u n i t s  o f  r a d i o a c t i v i t y  ( p ~ i / l i  t e r )  . 

~ r o s s  Beta  

Gross b e t a  d a t a  can  be r e p o r t e d  i n  many ways; Sr-90 e q u i v a l e n t  

and Cs-137 e q u i v a l e n t  a r e  most commonly used. The d i f f e r e n c e .  i s  o n l y '  ' 
. , 

i n  which i s o t o p e  i s  used f o r  c a l i b r a t i o n .  Although Sr-90 i s  commonly 

used a s  a  g r o s s  b e t a  s t a n d a r d  by t h e  U.S.  Geological  Survey,  g r o s s  b e t a  

va lues  c a l i b r a t e d  w i t h  Cs-127 a r e  a l s o  tabula ted  i n  t h i s  r e p o r t  t o  

f a c i l i t a t e  in te ragency  d a t a  comparison and .evaluat ion .  

RESULTS 

The r e s u l t s  o f  . t h e  a n a l y s e s  of  t h e  stream, w e l l ,  s p r i n g ,  and 

p r e c i p i t a t i o n  Samples c o l l e c t e d  p r i o r  t o  r een t ry  d r i l l i n g  a t  t h e  

Rul ison s i t e  . a re  p resen ted  i n  t a b l e s  1 through 4. The d a t a  from samples I 

c o l l e c t e d  A p r i l  1-12, 1970, * a r e  inc luded.  I n  a d d i t i o n ,  ' r e s u l t s  from 

i 
. . 

8 .  

s e l e c t e d  samples c o l l e c t e d  p r i o r  ,to A p r i l  1970 a r e  inc luded  t o  p rov ide  
I 

background d a t a .  



T a b l e  I . - -Radiochemica l  a n a l y s e s  o f  v a t e r  from s e l c c t c d  s l roams i n  wcs tern  Colorado , 

: I  I 2 5 90 31 SU 39 34 06  . 107 32 26 25(40) 8-26-69 1.100 350 - -  - - - - - - - - - - - - - - USCS g a g i n g  s t a t i n n  ' 

JI NL.Y [ : a ~ t I e  10-19-69 1.100 350 - -  - - - - - - - -  . - -  -- - -  9-0876. 
4 -  6-70 1 ,300 390 28 9 . 3  8 .7  11 16 9 . 3  1 . 1  1 . 3  

- - I;cavrr C r e r k  1 6 Y3 20 SE 39 30 40 107 4 8  03  10 .6(17 .1)  3-24-69 <700 c220 c 2 . 6  c . 9  2 . 5  3 . 1  - -  . - -  - -  - - Sample c o l l e c t e d  
nvJr Ri l l r  between s e t t l i n ~  

pond and f i l t e r  
p l a n t .  R i f l e  
w a t e r  works. 

3 7 94 l NE 39 28 20 107 49  55 7.6(12) 9-20-69 c 9 6 0  <300 - -  - - - - - - - - - - - - - - USCS gaging  s t a t l o n  
4-10-70 < 9 6 0 C 3 0 0  6 . 9  2 . 3  3 . 4 .  4 .2  39 3.6 1 . 2  2 .9  3 . 3  9-0925. 

Kimhall Creck 4 . 9 95 14 N E  39 17 00  107 57 13  8 . 4 ( 1 4 )  8-26-69 <960 <300 - -  - - - - - - - - - - - - - - . - -  
n r a r  C r l  l h r a n  9-20-69 <960 <300 --  - - - - - - - - - - - - - - 

i. 4-11-70 <1,300 C400 7.2 2 .4  7 . 6  9 .4  10  . 5 .  . 2  5.8 6.4 

Platcsatn C r e r k  ' 5 ' 10 97 1 8  SV 39 11 00  108 16  10 23(37) 8-26-69 <960 <300 - -  - -  . - -  - - - - - - - - - - USGS 8aginR s t a t i n n  
near  Cameo 9-20-69 <960 <300 - -  - - - - - - - - - - - - - - 9-1050. 

10-19-69 <960 C300 '  - -  - - - - - - - - - - - - - - 
.4- 6-70 <960 C300 14 8 . 0  7 .1  8 . 9 ' 9 8  6.1 2 . 0  3 . 9  4 . 9  

. . 
Cvlrrrado R i v r r  b 8 97 23  SU 3 9  20 22 ' 108 11' 35  IL(23)  8-26-69 960 300 - -  - - - - - - - - - - - - - - Davnstream 2 .7  m l l e s  

n r a r  Or l\cr(tte 9-20-69 960 300 - -  - - - - - - - - - - - - - - - ( 4 . 1  k i l m e t c r s )  
10-19-69 <960 <300 - -  : - - - - - - - - - -  . - - - - from USCS gaging  
4 -  6-70 1 , 2 0 0  380 17 5 . 8  1.6 9 . 5  Ih  . . 7 .2 1 .2  1 . 3  s t a t i o n  9-0937. 

~ c m r k s  

~ o c a t  ion  l a t i t u d e  N .  L o n ~ i t u d c  V. Dis tance  T r i t i u m  Dissolved  Suspended 

Kc~arin,: F.,rk 1 (2:). 3,) 10 48 106 4 8  05  64(103) 4- 6-70  <960 <300 7 .8  2 . 6  2 .3  ? . 9  < I  cO.4 c 0 . 1  0 . 6  0 . 6  IBCS gaplng  s t a t i o n  
Rivsr ,,cur 9 - 0 7 U .  , 
,\spa-n 

from 
sample (: . 6 s u r f a c e  Date 

C r o s s  a l p h a  Gross  b e t a  S o l i d s  Gross  a l p h a  

3 g .: u ' m  cn w n rn Of . S r r r a m  ground 'fli'? ( p ~ i / l  
m l m ~ l e r l ~  : 2, .;, U, E t Co z e r o ,  in c o l l e c t i o n  ? C t l l  TU ( u g l l  a s  ( $ i l l  a s  a s  ( ~ g l l  a s  (pCi1l  a s  

m i l e s  U n a t u r a l )  U n a t u r a l )  Sr -901 my,11 II n a t u r a l )  U n a t u r a l )  CSay37)  
I k i l o m e ' t e r s h  Y-90) 

Gross  b e t a  

(p;i1l 

s r - 9 0 1  
y-qo)  

( p ~ i / l ,  
a s  

cs -137)  



Table 2.--Radiochemical ana lyses  of water froni se lec ted  spr ings  i n  western Colorado 
. . . . 

Mrs. Betty p o t t e r  20 6  94 31 NW 39 29 20 107 56 12 5 .7(9 .2)  3-20-69 <700 <220 12 3.9 8.4 11 -- 
4-10-70 <1,300 <400 18 5.9 8.8 9 .1  

Car l  Rernklau 21 7  94 4  NW 39 28 09 107 53 45 5 .1(8 .2)  10-20-69 <960 <300 10 3.4 4 .6  5 . 8  - - 
4-10-70 <960 <300 10 3.5 4 . 3  4 . 8  

Owner or  t enant  

- .  
Town of  Grand Val ley  22 7  ' 9 5  5  SE 39 27 49 108 00 58 5.3(8.5)  3-21-69 <700 <220 21 6.8 3.0 3.7 Town of,Grand Valley 

9-20-69 <960 <300 -- -- - - -- 
C water  supply. 
w 10-19-69 <960 <300 -- . - -  -- -- . . . 

4-11-70 <1,300 <400 . 20 6.7 3.0 3.4 

Sample 
po in t  

numher'/;Z 

23 7  96 35 SE 39 23 23 108 04 28 . 6.8(11) 3-18-69 <700 <220 11 3.7 6 . 7  . 8.4 -- O t i s  Murray 
4-11-70<1,300<400 , 45 15 19 24 

6.7 ' . Ceci l  Gardner 24 - 7 95 18 NW 39 26 16 108 02 40 5 .6(9 .0)  3-26-69 <700 <220 26 4 .6  . 5.8 . -- 
4-11-70 <1,300 <400 31 10 5.2 6 . 0  

Distance from 
s u r f a c e g r o u n d  
zero,  in miles 

(k i lometers )  

Location 

LIAs shown on f i g u r e  1  

. 
Date 

of 
c o l l e c t i o n  

La t i tude  N .  
. 

, , 
o rn 

Longitude W .  

., 
t; 
u 

. 
m 3  

w 
, &  
a 

c 
2 
o, 

o, 

a 

,; 
u 

w 

Tri t ium 

u 

2 
d m - v n c . m n Z V )  

pCiJ1 u 

2 .,, TU 

Gross a lpha  

; 
rn 

(IJg/l 
a s  

U n a t u r a l )  

- 

~~~~k~ ' 

Gross b e t a  

(pCiI1 
a s  

U n a t u r a l )  

(P!:" (pCi / l  
a s  

Cs-137) 
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T a b l e  4 . - -Radiochemical  a n a l y s e s  of p r e c i p i t a t i o n  from s e l e c t e d  p o i n t s  i n  c e n t r a l  i n d  wes t e rn  Colorado . 

Denver, Colorado 

~enps l ' a  Pas s  , 
Colo rado  

Rewrks 

9 . .  .(Z/). 39 38 34 105 52 02 113(182) 1-14-70 C960 <300 -- . - - - - ~ e ' a r  Loveland P a s s ,  -- Near Arapahoe Basin  
Co lo rado  . . 2-10-70 <960 <306 -- --  --  - - s k i  a r e a .  . 

4- 2-70 2 ,100 660 1 . 0  . . 3  20  22 

Near V a i l  P a s s ,  10 (21 39 32 ' 4 5  106 ,13 13 
Co lo rado  

One mi l e  west  o f  
sunnni t  . 

Dis tance  from 
s u r f a c e  ground 
z e r o ,  ~n m i l e s  

( k ~ l o m e t e r s )  

Loca t i  on 

. . 
Near Grand J u n c t i o n ,  . 11 1s. 1 W . .  6  NE 39 06 . 10 108 37 30 

Colorado 

Date 
o  f 

c o l l e c t i o n  

Sample 
p o i n t  

nurnlwrl' 

Gross  be t a  T r i t i u m  

Samp1in.g p o i n t  a t  
j u n c t i o n  of hfgh- 
ways 1-70 and U . S .  
6-50. 

Gross  a lpha  

(p:i1l 

Loca t ion  

pCifl 

Near Grand Junc t ion ' ,  11 125. 101W. 11 NU 39 01 47 108 39 10 
Co lo rado  

( I L ~ I ~  
a s  

u n a t u r a l )  

( P C ~ I I  
a s  

Cs-137) 

n 
'4 
r: 
2 TU 

A t  Colorado 
N a t i o n a l  Monument. 

(pci11 
a s  

U n a t u r a l )  

L a t i t u d e  N .  

llcd Mountain P a s s ,  12 (q) 37 53 50 107 42 40 
Co lo rado  

Longi tude W .  

L 
E 
a 

m 
o u a l  

f - h t $  

On summit. 

m 

a u M 

Wolf Creek P a s s ,  13  (21) 37 28 50 106 48  10 
Co lo rado .  

c 

Z 
m 

 ona arch Pass ,  14 w) 38 29 50 106 19  4 0  
c o l o r a d o  

C 

.2 m 

c 
8 

m 
o m  

LI 

2 c 

Z 2 :  

< L ' ~ s  shown on f i g u r e  1 .  

? / ~ o t  surveyed.  

m 

c o u  
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