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PROJECT RULISON 

SUMMARY REPORT 

POST-SHOT ACTIVITIES AND PROGRAMS 

I. INTRODUCTION 

P r o j e c t  Rulison was a  Plowshare experiment  t o  de te rmine  
t h e  t e c h n i c a l  and economic f e a s i b i l i t y  of us ing  n u c l e a r  e x p l o s i v e s  
t o  s t i m u l a t e  t h e  flow and recovery of n a t u r a l  g a s  from--the Mesa- 
verde  format ion  i n  t h e  Rulison F i e l d ,  G a r f i e l d  County,  Colorado.  
The s u c c e s s f u l  de tonat ion  of t h e  40-ki lo ton  e x p l o s i v e  o c c u r r e d  on 
September 10 ,  1969. 

I 

The c o n t e n t s  of t h i s  r e p o r t  summarize t h e  programs and 
a c t i v i t i e s  concerning t h e  pos t - sho t  i n v e s t i g a t i o n s  o n l y .  Those 
a c t i v i t i e s  a s s o c i a t e d  with t h e  d e t o n a t i o n  phase have been summari- 
zed i n  a  s e p a r a t e  document. T h i s  r e p o r t  h a s  been developed by  ex- 
t r a c t i n g  from t h e  referenced documents t h e  e s s e n t i a l s  of purpose ,  
methods and conc lus ions  reached by t h e  v a r i o u s  p a r t i c i p a n t s  i n  t h e  
program. 

The l i t i g a t i o n  which a r o s e  i n  t h e  c o u r s e  of t h e  p r o j e c t  
had a s i g n i f i c a n t  e f f e c t  on t h e  r e - e n t r y  d r i l l i n g  and w e l l  t e s t i n g  
programs. Because of i t s  importance,  a  d i s c u s s i o n  of  t h e s e  e f f e c t s  
h a s  been i n c l u d e d  here. .  

11. LITIGATION 

I n  August 1969, t h r e e  s e p a r a t e  l a w s u i t s  were f i l e d  i n  
F e d e r a l  D i s t r i c t  Cour t ,  Denver, Colorado,  seeking  i n j u n c t i o n s  t o  
p r e v e n t  t h e  d e t o n a t i o n  of P r o j e c t  Rul i son .  The p l a i n t i f f s  a l s o  
sought  t o  p r e v e n t  t h e  re-ent ry  and t e s t i n g  of t h e  n u c l e a r  s t imu-  
l a t e d  w e l l .  

A s  a r e s u l t  of t h i s  l i t i g a t i o n , .  and s p e c i f i c a l l y  w i t h  
r e s p e c t  t o  . t h e  post-shot  a c t i v i t i e s ,  i t  became n e c e s s a r y  t o  p r e -  
p a r e  a document t h a t  could be i n t r o d u c e d  i n  c o u r t  which would des-  
c r i b e  t h e  planned re -en t ry  and t e s t i n g  of t h e  w e l l .  T h i s  d  
i s  NVO-61, P r o j e c t  Rulison Post-Shot P l a n s  and E v a l u a t i o n s .  ?EYent 

NVO-61 d e s c r i b e s  t h e  equipment and p rocedures  used  i n  
e f f e c t i n g  t h e  r e -en t ry  and t e s t i n g  of t h e  w e l l .  I t  a l s o  d e s c r i b e s  
t h e  a n t i c i p a t e d  phys ica l  c h a r a c t e r i s t i c s  o f ' t h e  c a v i t y ,  i n c l u d i n g .  
t h e  p r e s s u r e ,  temperature and d i s t r i b u t i o n  of r a d i o n u c l i d e s  i n  the '  
c a v i t y .  A predominance of t h e  NVO-61 r e p o r t  i s  devoted  t o  t h e  a t -  
t e n d a n t  programs f o r  pub l i c  h e a l t h  and s a f e t y  a s s u r a n c e .  



The Federa l  D i s t r i c t  Cour t  a l lowed t h e  p lanned  r e - e n t r y  
and t e s t i n g  of t h e  w e l l  a t  Ru l i son  t o  proceed.  The C o u r t ,  however, 
r e t a i n e d  j u r i s d i c t i o n  i n  the  m a t t e r  and d i r e c t e d  t h e  d e f e n d a n t s ,  
~ u s t r a l  O i l  Company I n c o r p o r a t e d  and t h e  Atomic Energy Commission, 
t o  r e p o r t  t o  t h e  Cour t  t h e  p r o g r e s s  and o b s e r v a t i o n  of  t h e  a c t i -  
v i t i e s  on a  t i m e l y  b a s i s .  

In  o r d e r  t o  c o o r d i n a t e  t h e  r e p o r t i n g  of t h e  vast amount 
of new d a t a ,  t h e  Atomic Energy Commission p repared  NV-72, P r o j e c t  
Rulison Post-Shot In fo rmat ion  P l a n .  ( 2 )  Th i s  r e p o r t  d e l i n e a t e s  t h e  
r e s p o n s i b i l i t y  of t h e  AEC C l a s s i f i c a t i o n  and T e c h n i c a l  I n f o r m a t i o n  
D i v i s i o n ,  Nevada Opera t ions  O f f i c e  and s u p p o r t i n g  a g e n c i e s  and 
c o n t r a c t o r s  r e g a r d i n g  t h e  a c q u i s i t i o n ,  c o n t r o l ,  r e p o r t i n g  and d i s -  
seminat ion of  t a b u l a t e d  raw d a t a  for  t h e  r e - e n t r y  and w e l l  t e s t i n g  
phase o f  P r o j e c t  Ru l i son .  T h i s  d i r e c t i v e  a l s o  s e t s  o u t  s c h e d u l i n g  
f o r  t h e  c o l l e c t i o n  and t h e  e s t i m a t e d  t i m e  f o r  appearance  o f  t h e  
d a t a  i n  t h e  Open F i l e s .  

111. RE-ENTRY D R I L L I N G  

The Summary o f  Re-Entry O p e r a t i o n s ( 3 )  d e s c r i b e s  t h e  p r e -  
p a r a t i o n  and i n s t a l l a t i o n  o f  a l l  equipment  f o r  r e - e n t r y ,  t h e  c l e a n -  
o u t  of R-EX, t h e  d r i l l i n g  o f  a  d i r e c t i o n a l  h o l e  and subsequen t  com- 
p l e t i o n  of  t h e  r e - e n t r y  w e l l .  The a i r  v e n t i l a t i o n  system f o r  on- 
s i t e  s a f e t y  purposes  and c o n t r o l  equipment  f o r  conta inment  of  t h e  
w e l l  a r e  a l s o  d e s c r i b e d .  T h i s  r e p o r t  a l s o  sets f o r t h  t h e  r e spon-  
s i b i l i t y  of A u s t r a l  O i l  Company I n c o r p o r a t e d ,  Los Alamos S c i e n t i f i c  
Labora tory ,  E b e r l i n e  I n s t r u m e n t s  Corpora t ion  and S i g n a l  D r i l l i n g  
Company. 

En t ry  i n t o  t h e  R-EX w e l l  w a s  accomplished by f i r s t  d r i l l -  
i n g  o u t  two. cement p l u g s  and a b r i d g e  p l u g  from i n s i d e  t h e  7-5/8" 
cas ing  and 5-1/2" l i n e r  t o  a d e p t h  o f  6,520 f e e t .  The 5-1/2" l i n e r  
w a s  m i l l e d  o u t  t o  a d e p t h  o f , 6 , 5 2 0  f e e t ,  A d i r e c t i o n a l  6-3/4" h o l e  
w a s  d r i l l e d  a l o n g  t h e  p lanned d e v i a t e d  p a t h  t o  a  d e p t h  of 7 , 6 2 4 '  
and a  new 5-1/2" . l i n e r  was s e t  and cemented a t  t h i s  d e p t h .  D r i l l -  
i n g  cont inued below t h e  5-1/2" l i n e r  w i t h  a  4-3/4" h o l e  t o  a  d e p t h  
of 8 ,270 '  where c i r c u l a t i o n  was l o s t .  D r i l l i n g  c o n t i n u e d  t o  a 
depth  o f  8 ,354 '  w i t h o u t  c i r c u l a t i o n .  A t  t h i s  p o i n t  a  p r o d u c t i o n  
packer w a s  se t  a t  a d e p t h  o f  7 ,500 '  and 3-1/2" t u b i n g  s t r i n g  f o r  
complet ion w a s  run .  

Attempts t o  f low tes t  t h e  w e l l  r e s u l t e d  i n  t h e  w e l l  be- 
coming plugged below t h e  packer  and remedia l  e f f o r t s  were under-  
taken .  A d d i t i o n a l  5-1/2" c a s i n g  w a s  r u n  t o  t i e  i n t o  t h e  l i n e r  p r e -  
v i o u s l y  se t ,  t h e  open h o l e  c l e a n e d  o u t  t o  o r i g i n a l  d e p t h ,  and a 
3-1/2" l i n e r  set i n  open h o l e  w i t h o u t  b e i n g  cemented. The w e l l  
was once a g a i n  completed w i t h  p r o d u c t i o n  packer  and 3-1/2" t u b i n g .  



The f o l l o w i n g  e x h i b i t s  a r e  inc luded i n  t h e  r e p o r t : .  Sum- 
mary of Re-Entry , Genera l  Condition of  Casing,  Sperry-Sun D i r e c t -  
i o n a l  Survey Report ,  and P l a t t e  Rental  Tool Company D i r e c t i o n a l  
D r i l l i n g  ' Record. 

IV. ON-SITE RADIATION MONITORING 

A ,  C a l i b r a t i o n  F l a r i n g  

The r e s u l t s  of  t h e  chemical and rad iochemica l  a n a l y s i s  
of seven samples t a k e n  from t h e  produced g a s  d u r i n g  c a l i b r a t i o n  
f l a r i n g  on August 1, 1970 and October 4-7, 1970, a r e  p r e s e n t e d  
and d i s c u s s e d  i n  t h e  r e p o r t ,  "Gas Analysis  R e s u l t s  f o r  C a l i b r a t i o n  
F l a r i n g  Samples". ( 4 )  

The ave rage  g a s  composition observed i n  t h e s e  samples  
w a s  48.4% carbon d i o x i d e ,  32.8% methane, 15.7% hydrogen,  1 .7% 
e thane ,  0.28% propane ,  and 0.23% butanes and h e a v i e r  hydrocarbons .  

The most s i g n i f i c a n t  r ad ionuc l ide  observed w a s  t r i t i u m ,  
p r e s e n t  i n  t h e  g a s  a t  176 p icocur ies /cubic  c e n t i m e t e r  ( p c i / c c )  . 
Methane c o n t a i n e d  82% of t h e  gaseous t r i t i u m ,  hydrogen 11%, e t h a n e  
6% and t h e  h e a v i e r  hydrocarbons t h e  ba lance .  The krypton-85 con- 
c e n t r a t i o n  w a s  150 p c i / c c  , carbon-14 0.41 p c i / c c ,  argon-39 1 . 4  
p c i / c c ,  argon-37 10.7 p c i / c c ,  and radon-222 0.03 p c i / c c  . 

Assuming a t o t a l  of 960 c u r i e s  of  krypton-85 was mixed 
uniform1 i n  t h e  chimney w i t h  t h e  chimney g a s ,  a  gas  volume of 
6.4 x 10% l i t e r s  was c a l c u l a t e d  t h a t  could be c o n t a i n e d  i n  a s p h e r i -  
c a l  vo id  of r a d i u s  23.5 me te r s  (77 ' )  a t  a  p r e s s u r e  of 200 atmos- 
pheres  (2930 p s i )  and 37S°F. 

T o t a l s  of  t h e  v a r i o u s  r a d i o n u c l i d e s  measured (based  on 
960 c u r i e s  85Kr) are also presented  i n  t h e  r e p o r t .  

B. F i r s t  P roduc t ion  T e s t  

The h i g h - r a t e  f l a r i n g  ( f i r s t  p roduc t ion  t e s t )  commenced 
on October 26 ,  1970,  and ended November 3 ,  1970. T o t a l  g a s  f l a r e d  
d u r i n g  t h i s  phase  w a s  i n t ended  t o  provide in fo rmat ion  on t h e  v o l -  
ume of n a t u r a l  g a s  p r e s e n t  i n  t h e  chimney a s  w e l l  a s  chimney dim- 
e n s i o n s .  The volume produced was 109 m i l l i o n  s t a n d a r d  c u b i c  f e e t  
of gas .  

R a d i o a c t i v i t y  r e l e a s e d  t o  t h e  environment  i n c l u d e d  418 
c u r i e s  o f ' k r y p t o n - 8 5 ,  619 c u r i e s  of t r i t i u m ,  a b o u t  0.9 c u r i e s  o f  
carbon-14 and approx imate ly  0.00004 c u r i e s  of  mercury-203 ( 5 )  . 



R a d i o a c t i v i t y  c o n c e n t r a t i o n s  i n  t h e  n a t u r a l  g a s  r a n g e d  from a b o u t  
145 p i c o c u r i e s / c u b i c  c e n t i m e t e r  ( p c i / c c )  o f  k ryp ton -85 ,  185  pci/cc 
o f  t r i t i u m  a n d  0.35 p c i / c c  of carbon-14 a t . t h e  s t a r t  o f  f l a r i n g  
t o  a t o u t  125 pci/cc o f  k ryp ton-85 ,  160 p c i / c c  o f  t r i t i u m  and 0.30 
p.ci/cc of carbon-14 a t  t h e  end o f  f l a r i n g .  T r i t i u m ,  a r g o n ,  c a r b o n -  
14  and mercury-203 a r e  n e u t r o n  a c t i v a t i o n  p r o d u c t s .  The a n a l y s i s  
o f  t h e '  s amples  c o l l e c t e d  d u r i n g  t h i s  t es t  p e r i o d  and s u b s e q u e n t  
test p e r i o d s  exc luded  a d e t e r m i n a t i o n  o f  t h e  a rgon-37 ,  a rgon139  
'and radon-222 c o n c e n t r a t i o n .  

An e x t e n s i v e  o n - s i t e  and o f f - s i t e  r a d i a t i o n  s u r v e i l l a n c e  
e f f o r t  f a i l e d  t o  d e t e c t  any  r a d i o a c t i v i t y  i n  t h e  env i ronmen t  o t h e r '  
t h a n  t r i t i u m  and k ryp ton -85 .  The c o n c e n t r a t i o n s  of t h e s e  i s o t o p e s  
i n  a i r  ranged  from a b o u t  1 x t o  1 x o f  t h e i r  c o n c e n t r a -  
t i o n s  i n  t h e  g a s .  

T ... !. maximum e x p o s u r e  t o  any  member of t h e  p u b l i c  a s  a 
r e s u l t  o f  t h e  higl .  r a t e  f l a r i n g  was c a l c u l a t e d  t o  be c o n s i d e r a b l y  
less t h a n  0 .1  m i l l i r e m .  

C.  Second P r o d u c t i o n  T e s t  

The i n t e r m e d i a t e  r a t e  f l a r i n g  ( second  ,reduction tes t )  
w a s  i n t e n d e d  t o  p r o v i d e  i n f o r m a t i o n  on t h e  g a s  f l o w  c. , . r a c t e r i s t i c s  
of t h a t  p a r t  of t h e  Mesaverde s a n d  s t i m u l a t e d  by t h e  n u c l e ,  ?xplo-  
s i o n .  T o t a l  . g a s  f l a r e d  d u r i n g  t h i s  p e r i o d  commencing on Decembc 
1 and end ing  December 2 0 ,  1 9 7 0 ,  was 100 m i l l i o n  s t a n d a r d  c u b i c  f e e t  
of g a s .  

R a d i o a c t i v i t y  r e l e a s e d  t o  t h e  env i ronmen t  i n c l u d e d  321 
c u r i e s  o f  k ryp ton-85 ,  .385 c u r i e s  o f  t r i t ium, a b o u t  0 .68  c u r i e s .  o f  
carbon-14 and a p p r o x i m a t e l y  0.00003 c u r i e s  of m e r ~ u r ~ - 2 0 3 ( ~ ) .  Con- 
c e n t r a t i o n s  o f  r a d i o a c t i v i t y  i n  t h e  n a t u r a l  g a s  r a n g e d  f rom a b o u t  
125  p i c o c u r i e s / c u b i c  c e n t i m e t e r  ( p c i / c c )  o f  k r y p t o n - 8 5 ,  150  p c i / c c  
o f  t r i t i u m  and 0 .28 p c i / c c  o f  carbon-14 a t  t h e  s t a r t  o f  f l a r i n g ,  
t o  a b o u t  90 p c i / c c  of k r y p t o n - 8 5 ,  100  p c i / c c  of  t r i t i u m  and 0 . 2 3  
p c i / c c  of carbon-14 a t  t h e  end .  

E x t e n s i v e  a n - s i t e  and o f f - s i t e  r a d i a t i o n  s u r v e i l l a n c e  
e f f o r t s  f a i l e d  ' to '  d e t e c t  a n y  r a d i o a c t i v i t y  i n  t h e  env i ronmen t  o t h e r  
t h a n  t r i t i u m  and  krypton-85  and t h e s e  i s o t o p e s  i n  a i r  range,d f rom 
a b o u t  1 x t o  1 x o f  t h e i r  c o n c e n t r a t i o n  i n  t h e  g a s .  

I t  was conc luded  t h a t  t h e  maximum e x p o s u r e  t o  any  member 
o f  t h e  p u b l i c  as a r e s u l t  o f  t h e  f l a r i n g  was l e s s  t h a n  1 m i l l i r e m .  



D .  T h i r d  P r o d u c t i o n  T e s t  

The t h i r d  produc t ion  t e s t  ( l o n g  t e r m '  f l a r , i n g )  commenced 
on  February  2 ,  1971. and ended A p r i l  23 ,  1971 .  The i n t e n t  of  t h i s  
test  was t o  p r o v i d e  in format ion  on t h e  r e c o v e r y  o f  n a t u r a l  g a s  
from o ' u t s i d e  t h e  chimney i n  t h e  f r a c t u r e d  r e g i o n  s u r r o u n d i n g  t h e  
d e t o n a t i o n  p o i n t .  T o t a l  gas  f l a r e d  w a s  228 m i l l i o n  s t a n d a r d  c u b i c  
f e e t .  

R a d i o a c t i v i t y  r e l e a s e d  t o  t h e  env i ronmen t  i n c l u d e d  273 
c u r i e s  o f  k ryp ton-85 ,  1491 c u r i e s  of  t r i t i u m ,  a b o u t  0.84 c u r i e s  o f  
carbon-14 and approximate ly  0.000028 c u r i e s  o f  mercury-203 (5  ) . A t  
t h e  s t a r t  of  f l a r i n g  t h e  r a d i o a c t i v i t y  c o n c e n t r a t i o n s  i n  d r y  g a s  
ranged f rom a b o u t  8 0  p i c o c u r i e s / c u b i c  c e n t i m e t e r  ( p c i / c c )  of k ryp -  
ton-85,  90 p c i / c c  o f  t r i t i u m  and 0.19 p c i / c c  of  carbon-14 t o  2 .8  
p c i / c c  o f  k ryp ton-85 ,  3.3 p c i / c c  of t r i t i u m  and 0 .07 p c i / c c  o f  c a r -  
bon-14 a t  t h e  end o f  f l a r i n g .  The c o n c e n t r a t i o n s  o f  k ryp ton-85  
and  t r i t i u m  began t o  drop  more r a p i d l y ,  as p r e d i c t e d ,  a f t e r  t h e  
t o t a l  g a s  f l o w  reached  300 m i l l i o n  c u b i c  f e e t .  

The e x t e n s i v e  o n - s i t e  and o f f  - s i te  r a d i a t i o n  s u r v e i l -  
l a n c e  e f f o r t s  f a i l e d  t o  d e t e c t  any r a d i o a c t i v i t y  i n  t h e  e n v i r o n m e n t  
o t h e r  t h a n  t r i t i u m  and krypton-85.  The c o n c e n t r a t i o n s  o f  t h e s e  i so -  
t o p e s  i n  t h e  a i r  ranged  from about  1 x  t o  1 x  o f  t h e i r  
c o n c e n t r a t i o n s  i n  t h e  g a s .  

A p r e l i m i n a r y  a n a l y s i s  of e x p o s u r e  t o  m e m b e r s  o f  t h e  
p u b l i c  a s  a r e s u l t  of  t h e  e n t i r e  s e r i e s  o f  p r o d u c t i o n  t e s t s  i n d i -  
c a t e d  t h a t  t h e  maximum dose  r e c e i v e d  w a s  much less t h a n  0.04 m i l l i -  
r e m  . 

V .  SPECIAL GAS ANALYSES 

E a r l y  i n  1970 g a s  samples w e r e  t a k e n  from t h e  emplaceme-nt 
we l lhead  a t  P r o ' e c t  Rul i son  f o r  chemica l  and  r a d i o c h e m i c a l  l a b o r a -  
t o r y  a n a l y s i s .  ( )  T h i s  i n fo rma t ion  w a s  o b t a i n e d  i n  c o n n e c t i o n  w i t h  
l i t i g a t i o n  conceyn ing  t h e  P r o j e c t  Ru l i son  p o s t - s h o t  w e l l  t e s t  p r o -  
g r a m .  

The f i v e  sample's o b t a i n e d  f rom t h e  we l lhead  equipment  
a t o p  t h e  R u l i s o n  emplacement w e l l  (R-E) appea red  t o  be less t h a n  
1 p e r c e n t  chimney gas. They w e r e  h i g h l y  d i l u t e d  w i t h  f o r m a t i o n  
gas w i t h  t h e  r ema inde r  be.ing oxygen d e p l e t e d  a i r .  The s a m p l e s  w e r e  
v e r y  l i k e l y  n o t  r e p r e s e n t a t i v e  of  g a s  t o  be  found i n  t h e  main body 
o f  t h e  R u l i s o n  chimney,  even when c o r r e c t i o n s  f o r  d i l u t i o n  w e r e  
made. I t  i s  p o i n t e d  o u t  i n  t h e  a n a l y s i s  d i s c u s s i o n  t h a t  major  un-  
c e r t a i n t i e s  ar ise  i f  chemical  and exchange r e a c t i o n  rates,  sample  



f r a c t i o n a t i o n ,  t i m e  o f  i n j e c t i o n  i n t o  t h e  emplacement w e l l  and mix- 
i n g  phenomena are cons idered .  F u r t h e r ,  samples taken downhole o r  
a t  t h e  wellhead a f t e r  p roduc t ion  t e s t i n g  had begun most l i k e l y  would 
d i f f e r  c o n s i d e r a b l y  i n  composi t ion from t h e  v a l u e s  g iven  i n  t h e  re- 
p o r t .  

1 , WELL TE'STING RESULTS AND EVALUATIONS 

Product ion t e s t i n g  o f  t h e  n u c l e a r  s t i m u l a t e d  w e l l  w a s  
accomplished i n  t h r e e  s e p a r a t e  flow . p e r j o d s .  ( 7 )  I n  108 days  o f  
a c t u a l  f low approximately 455 m i l l i o n  s t a n d a r d  c u b i c  f e e t  (MMSCF) 
of  g a s  w a s  produced. Subsurface  p r e s s u r e  and t empera tu re  measure- 
ments were made d u r i n g  m o s t  o f  t h e  f low t e s t i n g ,  t h e  o n l y  e x c e p t -  
i o n  b e i n g  those  p e r i o d s  when g a s  v e l o c i t y  i n  t h e  p roduc t ion  t u b i n g  
w a s  t o o  h i g h  t o  permit i n s e r t i o n  o f  t h e  r e c o r d i n g  i n s t r u m e n t s .  
Ana lys i s  o f  t h e  bottom h o l e  p r e s s u r e s  i n d i c a t e d  no r e s t r i c t i o n  t o  
f low th rough  t h e  p e n e t r a t e d  f r a c t u r e s ,  conf i rming  t h a t  an e f f e c t -  
ive communication wi th  t h e  chimney had been e s t a b l i s h e d  by t h e  re- 
e n t r y  wel lbore .  

A t o t a l  of 12 gas samples were t a k e n  d u r i n g  t h e  f low 
tests. These samples ,were  analyzed  f o r  t h e  v a r i o u s  methane series 
hydrocarbons p r e s e n t  and t o  de te rmine  t h e  c o n c e n t r a t i o n  of t h e  two 
pr imary  d i l u e n t s ,  carbon d i o x i d e  and hydrogen. Through t h e  pro-  
d u c t i o n  o f  approximately 375 MMSCF of g a s ,  t h e  c o n c e n t r a t i o n s  of 
both hydrogen and carbon d i o x i d e  d e c l i n e d  i n  an e s s e n t i a l l y  p a r a l -  
l e l  manner. A t  t h i s  p o i n t ,  however, t h e  p e r c e n t a g e  of carbon d i o -  
x i d e  began t o  i n c r e a s e ,  and w a s  accompanied by a corresponding de-  
c r e a s e  i n  t h e  methane component. Radiochemical a n a l y s i s  o f  t h e  
g a s  samples  f o r  carbon-14 showed t h a t  ca rbon  d i o x i d e  w a s  g e n e r a t e d  
subsequent  t o  t h e  d e t o n a t i o n  and it was t h e o r i z e d  t h a t  i ts e v o l u t i o n  
from s o l u t i o n  i n  wa te r  as  t h e  c a v i t y  p r e s s u r e  w a s  dec reased  r e s u l t e d  
i n  t h e  abnormal behav io r  of  t h e  t o t a l  ca rbon  d i o x i d e  c o n c e n t r a t i o n .  

These s a m e  g a s  samples w e r e  a l s o  ana lyzed  f o r  krypton-85 
and t r i t i u m .  From t h e  krypton-85 d a t a ,  a c a v i t y  r a d i u s  of 74 ' was 
c a l c u l a t e d .  Th i s  compared v e r y  f a v o r a b l y  w i t h  t h e  p r e s s u r e  ana ly -  
s is  r e s u l t s  and i n f o r m a t i o n  developed by r e - e n t r y  d r i l l i n g .  A l s o  
from t h e  krypton-85 data,  t h e  y i e l d  of t h e  R u l i s o n  e x p l o s i v e  w a s  
c a l c u l a t e d  t o  be 43f8 k i l o t o n s .  (8)  

A t o t a l  of approximate ly  20,000 barrels of w a t e r  i s  es t i -  
mated t o  have been produced from t h e  n u c l e a r  s t i m u l a t e d  w e l l  d u r i n g  
t h e  p r o d u c t i o n  t e s t i n g .  A s i g n i f i c a n t  change i n  t h e  r a t e  o f  w a t e r  
p roduc t ion  occur red  as t h e  chimney p r e s s u r e  approached 380-400 p s i a .  
Th i s  w a s  i n t e r p r e t e d  as t h e  t i m e  when most o f  t h e  water  ' remaining 
i n  t h e  c a v i t y  reached i t s  vapor  p r e s s u r e  and f l a s h e d  i n t o  s team. A 
c a v i t y  t empera tu re  of 440-445OF i s  i n d i c a t e d  from t h i s  e v e n t .  P r e -  
s h o t  e s t i m a t e s  of  t h e  c a v i t y  t empera tu re  w e r e  350-500°F. 



A 1-dimension r a d i a l  flow model was used t o  s imula te  t h e  
w e l l  s performance ( 9 )  . Incorporated by t h i s  model were t h e  e f f e c t s  
o f  chimney t empera tu re  and varying gas composition.  In  a d d i t i o n ,  
s i m u l a t i o n  of t h e  e v o l u t i o n  of water vapor and enlargement of t h e  
chimney volume a v a i l a b l e  t o  gas a s  a  r e s u l t  of t h e  vapor iza t ion  of 
water  p l u s  t h e  e f f e c t s  of  evo lu t ion  of carbon d ioxide  were a l s o  
t a k e n  i n t o  account .  

A f t e r  o b t a i n i n g  a  s a t i s f a c t o r y  ' h i s t o r y  match of t h e  ob- 
served  bottom h o l e  p r e s s u r e  d a t a ,  t h e  model was used t o  make pre-  
d i c t i o n s  o f  w e l l  performance. Recoveries of 6 . 5  t o  9 . 5  b i l l i o n  
c u b i c  f e e t . o f  g a s  were p r e d i c t e d  over  a  per iod  of 30 yea r s .  These 
r e s u l t s  compared reasonab ly  we l l  with r e c o v e r i e s  p red ic ted  from 
pre-shot  r e s e r v o i r  a n a l y s i s .  

/ 

V I I .  PUBLIC HEALTH AND SAFETY EVALUATIONS 

A.  Product ion T e s t i n g  Dose Estimate P r e d i c t i o n s  

The p u b l i c  h e a l t h  impl ica t ions  of t h e  r a d i o a c t i v i t y  r e -  
l e a s e s  a s s o c i a t e d  wi th  P r o j e c t  Rulison product ion t e s t i n  were de- 
veloped by t h e  U .  S .  P u b l i c  Health Service  ( U . S . P . H . S . )  . Their  
a n a l y s i s  i n d i c a t e d  t h a t  t h e  p o s t u l a t e d  doses r e s u l t i n g  from i n g e s t -  
i o n  of f o o d s t u f f s  (mi lk ,  vege tab les ,  e t c  .) would be an o r d e r  of 
magnitude o r  more above doses from i n h a l a t i o n  o r  d r ink ing  water .  
The chron ic  d o s e ,  due  t o  t h e  r e s i d u a l  t r i t i u m  i n  t h e  environment 
af ter  t h e  peak p r o d u c t i o n  t e s t i n g  phase,  was es t imated  t o  be an 
o r d e r  of magnitude g r e a t e r  than t h e  acu te  dose during t h e  t h r e e  
week t e s t  p e r i o d .  The U.S.P.H.S. a n a l y s i s  i n d i c a t e d  t h a t  P r o j e c t  
Rulison p r o d u c t i o n  t e s t i n g  opera t ions  could be conducted we l l  with- 
i n  t h e  r a d i o l o g i c a l  s a f e t y  guides of t h e  Federa l  Radiat ion Council 
=d Atomic Energy Commission. The p o s t u l a t e d  dose t o  members of 
t h e  p u b l i c  was on t h e  o r d e r  of 0 . 1  mi l l i r em.  

An a n a l y s i s  o f  t h e  o f f - s i t e  r a d i o l o g i c a l  hazards a s s o c i -  
a t e d  wi th  t h e  proposed re -en t ry  and t e s t i n g  opera t ions  f o r  P r o j e c t  
Rulison w a s  made independent  of t h e  U . S .  Publ ic  Health Service  pro- 
gram d e s c r i b e d  above. (11) I n  t h i s  assessment,  dose e s t i m a t e s  t o  
t h e  sur rounding p o p u l a t i o n  from i n h a l a t i o n  and foodchain pathways 
w e r e  made from s o u r c e  terms pred ic ted  f o r  t h e  P r o j e c t  Rul'ison op- 
e r a t i o n s .  From t h e s e  dose  e s t i m a t e s ,  t h e  r i s k s  were c a l c u l a t e d  
f o r  g e n e t i c  l o s s ,  leukemia ,  cancer  and non-speci f ic  l i f e  shor ten-  
i n g  f o r  t h e  i n d i v i d u a l s  l i v i n g  i n  t h e  v i c i n i t y  of t h e  Rulison s i t e .  
The r i s k s  p r e s e n t e d  a r e  based on t h e  maximum average es t ima ted  dose 
v i a  t h e  foodchain  t a k e n  a t  20  mi l l i r em i n  one y e a r .  The r e s u l t s  
o f  t h e s e  c a l c u l a t i o n s  i n d i c a t e d  no s i g n i f i c a n t  i n c r e a s e  ( l e s s  than  
0 . 0 0 7 % )  i n  r i s k  would b e  incur red .  



V I I I .  HYDROLOGIC EVALUATIONS - 

A. Re-Entry D r i l l i n g  Phase 

The U.  S .  G e o l o g i c a l  Survey,  i n  o r d e r  t o  a s s u r e  p u b l i c  
s a f e t y ,  e s t a b l i s h e d  a wa te r  sampling network i n  wes te rn  Colorado 
t o  sample t h e  hydro log ic  eqvi ronment  p r i o r  t o  and d u r i n g  t h e  re- 
e n t r y  d r i l l i n g  and g a s  p r o d u c t i o n  t e s t  p h a s e  o f  P ro  j e c t  ~ u l i s o n  ( l 2 )  . 

Samples were o b t a i n e d  between A p r i l  2 8  and J u l y  28 ,  1970 
(dur ing  re-ent ry  d r i l l i n g )  from s i x  s e l e c t e d  s t r e a m s ,  f i v e  s p r i n g s ,  
f i v e  we l l s  and e i g h t  p r e c i p i t a t i o n  c o l l e c t i o n  s t a t i o n s ,  and were 
analyzed 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  were made i n  l a b o r a t o r i e s  of t h e  W a t e r  Resource D i v i s i o n ,  
U.  S. Geological Survey,  Denver,  Colorado.  

The r e s u l t s  of t h e s e  a n a l y s e s  confirmed t h e  absence  o f  a 
r e l e a s e  of r a d i o a c t i v i t y  from t h e  t e s t  w e l l  d u r i n g  t h e  r e - e n t r y  
d r i l l i n g  phase. 

B. C a l i b r a t i o n  F l a r i n g  Phase 

The pe r iod  o f  t i m e  covered  b y  t h i s  phase  e p r e s e n t e d  one 
o f  t h e  very  low t r i t i um v a l u e s  i n  p r e c i p i t a t i o n .  (13f Stream Sam-  
p l e s  were a l i t t l e  h i g h e r  i n  t r i t i u m ,  r e f l e c t i n g  more n e a r l y  t h e  
average long term t r i t i u m  background. Gross  a l p h a  and b e t a  v a l u e s  
f o r  t h e  d isso lved  c o n s t i t u e n t s  showed l i t t l e  v a r i a t i o n ,  a s  d i d  t h e  
t r i t i u m  va lues .  There  was a g r e a t e r  v a r i a t i o n  i n  t h e  g r o s s  a l p h a  
and b e t a  va lues  f o r  t h e  suspended p o s i t i o n  of t h e  sample.  T h i s  
w a s  t o  be expected because  t h e  r a d i o a c t i v i t y  would i n c r e a s e  as t h e  
amount of sediment i n c r e a s e s .  

C .  F i r s t  Production T e s t  Phase  

During t h i s  phase  a l l  of  t h e  p r e c i p i t a t i o n  samples  and 
some of t h e  s t ream samples  were r o u t i n e l y  ana lyzed  f o r  t r i t i u m .  ( 1 4 )  
Two of t h e  stream samples ,  t h o s e  c o l l e c t e d  a t  P l a t e a u  Creek n e a r  
Cameo, Colorado, and t h e  Colorado Rive r  n e a r  DeBeque, Colorado,  
were r o u t i n e l y  ana lyzed  f o r  g r o s s  a l p h a  and g r o s s  b e t a  c o n t e n t s .  
When above background v a l u e s  w e r e  n o t e d  f o r  any of t h e  samples  ana-  
l y z e d ,  t h e  sampling f requency  was i n c r e a s e d .  Except  f o r  c e r t a i n  
s t a t i o n s  c l o s e  i n  t o  t h e  test  w e l l ,  no above background samples  
were observed. 
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