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ABSTRACT 

Recent scientific projects have required 
extensive intermittent coring in the deep, 
hot geothermal areas. Two projects are 
the Salton Sea Scientific Drilling Project 
(SSSDP) at the southeastern edge of the 
Hot Dry Rock Project (HDR), under 
development in North Central New Mexico at 
Fenton Hill west of Los Alamos, New 
Mexico. This coring in full size well 
bores has demonstrated that coring under 
the conditions which exist in geothermal 
formations are extremely difficult, time 
consuming and costly. The coring 
techniques applied in these projects use 
the best available technology from the 
petroleum industry and some newly improved 
developments. Efforts to improve recovery 
and efficiency were made by varying coring 
methods by changing core head types and 
sizes, barrel type and catcher types along 
with operational changes of rotary speeds, 
weight on core head and circulation rates. 
Primary problems limiting the coring 
operations were core "jamming" in the 
barrel and in the catcher and slow 
penetration rates. 

INTRODUCTION 

The Salton Sea Scientific Drilling Project 
(SSSDP) was funded by various government 
agencies as part of the national program 
of Continental Scientific Drilling. , The 
general site was selected in one of the 
largest, hottest and most saline 
geothermal fields in the world.*l 

The primary purpose of the well was to 
obtain geologic data for scientific 
analyses of the thermal regimes, 
minerology and fluids. The data required 
from the well included coring of 10 to 15% 
of the well depth, extensive geophysical 
logging, cutting sample collection and 
flow tests designed to provide pristine 
fluid samples from flow zones. 

* References are at the end of text. 

The extensive data collected (and being 
collected) on the well together with the 
analyses of the physical, chemical and 
petrophysical nature of the formations will 
develop one of the most extensive and 
unique data bases to further analyze the 
drilling and coring mechanics in the 
geothermal environment . 
Drilling operations commenced October 24, 
1986 and were completed on March 18, 1986 
after drilling to a depth of 10,564 feet. 
Much of the data is in the process of being 
analyzed and the some of the information 
contained herein is preliminary. 

The coring operations consumed a major 
portion of the time and the funds available 
for the project. Intermittent interval 
coring of a production size geothermal 
wellbore diameter was undertaken for many 
reasons. One of the primary reasons for 
the large wellbore was to satisfy the 
product ion test i ng requirement s . In 
addition, continuous coring methods were as 
yet unproven in this type of the complex 
geologic environment the anticipated 
temperature regime and in formations 
containing highly corrosive geothermal 
fluids. Limited conventional coring had 
been successfully employed in nearby areas 
at relatively shallower.depths. 

The HDR project located in Northern New 
Mexico about 45 miles west of Los Alamos, 
operated under the direction of Los Alamos 
National Laboratory, required the re- 
drilling of a directional well (EE-3) 
during the summer of 1985. Several 
previous intermittent coring operations had 

That been undertaken in late 1979. 
information is contained in reference 2. 
Cores were desired in the re-drilled EE-3A 
to evaluate the physical, chemical and 
geologic nature of the HDR reservoir rock. 
During this recent coring, improvements in 
equipment and techniques were attempted. 
Also, scribe catchers and directional 
surveys were taken in an effort to orient 
two of the cores. 
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No a t t e m p t  i s  y e t  made t o  c o r r e l a t e  t h e  
c o r i n g  and r o c k  p r o p e r t i e s  i n  e i t h e r  o f  
t h e  we1 1 s . The g e n e r a l  g e o l o g i c  
c h a r a c t e r i s t i c s  o f  t h e  c o r e d  z o n e s  a r e  
d e s c r i b e d  h e r e .  La te r ,  a f t e r  a more 
c om p l  e t e d e t e r m i n a t i o n  o f  t h e  
p e t r o p h y s i c a l  p r o p e r t i e s  o f  t h e  f o r m a t i o n s  
h a v e  been  done ,  a more tho rough  a n a l y s i s  
o f  t h e  c o r i n g  can b e  done. 

A summary o f  t h e  c o r i n g  r e s u l t s  a r e  g i v e n  
i n  Xables 1 and 2.  The f o l l o w i n g  
d e s c r i b e s  t h e  c o r i n g  equ ipmen t  and 
o p e r a t i o n s  on  b o t h  h o l e s .  

The SSSDP c o r i n g  was done  i n  t h r e e  
d i f f e r e n t  d i a m e t e r  h o l e s .  I n  t h e  uppe;' 
s e c t i o n ,  t h e  d r i l l e d  h o l e  s i z e  was 1 7  1/2 
from i 0 3 2 '  t o  3500'  and 1 2  1 / 4 "  f rom 
3500 ' t o  6000 I ( N o t e  t h a t  u n l e s s  s p e c i f i e d  
a l l  d e p t h s  re fe r  t o  k e l l y  b u s h i n g  which 
was 28.5'  above g round  l e v e l  which i s  
a b o u t  200'  s u b s e a )  . A l l  c o r i n g  r u n s  i n  
t h e s e  two h o l e s  were made w i t h  a 9 7/8"  
c o r e  head which c u t  a 5 1 / 4 "  c o r e .  The 
1 7  1 / 2 "  d r i l l  b i t s  were p r i m a r i l y  m i l l  
t o o t h  and t h e  1 2  1 / 4 "  were t u n g s t e n  
c a r b i d e  j o u r n a l  b e a r i n g  type. From 6000 ' 
t o  10 ,475 '  t h e  h o l e  s i z e  was 8 1 /2"  a n d  
a l l  c o r e s  e x c e p t  No. 34 (Table 2 were 
a l l  made w i t h  an  8 1/8"  c o r e  head which 
c u t  a 4 "  d i a m e t e r  c o r e .  Core No. 34 was 
c u t  w i t h  a 7 5/8"  c o r e h e a d  which c u t  a 
3 1 / 2 "  c o r e .  

The H D R  h o l e  EE-3A was 8 1 / 2 "  below a 
m i l l e d  o u t  s e c t i o n  o f  47 l b / f t  9 5/8" 
c a s i n g .  P r i m a r i l y ,  d r i l l i n g  was w i t h  t r i -  
c o n e  t u n g s t e n  c a r b i d e ,  n o n s e a l e d ,  a i r  
c i r c u l a t i o n  b i t  w i t h  t h e  a i r  h o l e s  
p lugged .  I n  a d d i t i o n ,  t h e s e  b i t s  had wear 
pad b u i l d - u p  w i t h  c a r b i d e  inser t s  o n  e a c h  
b i t  l e g  f o r  gauge p r o t e c t i o n .  S p e c i a l  
f e a t u r e s  o f  these b i t s  i n c l u d e d  h a r d e r  
c a r b i d e  b u t t o n s  on t h e  gauge row o f  t h e  
c o r e s  and a d d i t i o n a l  clearance i n  t h e  
b e a r i n g s  f o r  inore f l u i d  c i r c u l a t i o n .  Two 
c o r e  h e a d s  were 8 1/2 i n c h  which c u t  a 
4 1 /2"  c o r e .  Two c o r e  heads  which were 
s p e c i a l l y  c o n s t r u c t e d  f o r  t h i s  p r o j e c t  
( d e s c r i b e d  below) were 7 7/8" d i a m e t e r  
which c u t  a t h r e e  i n c h  c o r e .  

The SSSDP w e l l  was d r i l l e d  i n  s e d i m e n t a r y  
f o r m a t i o n s .  These f o r m a t i o n s  were 
p r i m a r i l y  mudstone, c ong 1 oiner a t e,  
s i l t s t o n e  s a n d s t o n e ,  c l a y s t o n e  and s h a l e .  
The f o r m a t i o n s  c o n t a i n e d  a h i g h  d e g r e e  o f  
m i n e r a l i z a t i o n  which changed w i t h  d e p t h  
( and  which were a n  i n d i c a t i o n  o f  t h e r m a l  
r e g i m e s ) .  Two s h o r t  s e c t i o n s  o f  i n t r u s i v e  
were d r i l l e d  a t  9440-50 f e e t  and  9500-30 
f e e t .  With i n c r e a s i n g  d e p t h  t h e  

i n c  rea sed  f o r m a t i o n s  ex h i  b i t e d  
metamorphism becoming h o r n f e l s i c  and  
s i l i c i f i e d .  The c o r e s  c o n t a i n e d  b o t h  open 
and minera l  f i l l e d  f r a c t u r e s .  

The H D R  w e l l  was d r i l l e d  from 9285'  below 
a m i l l e d  o u t  s e c t i o n  o f  9 5/8" t o  13,300 
f e e t  i n  g r a n i t i c  basement  rock  which had 
c o m p r e s s i v e  s t r e n g t h s  o f  18,880 t o  40,000 
p s i .  

D L r e c t i o n a l  N a t u r e  

The SSSDP w e l l  was d e s i g n e d  a s  a s t r a i g h t  
h o l e .  However, t h e  h i g h l y  f r a c t u r e d  
n a t u r e  of  t h e  f o r m a t i o n s  c a u s e d  s e v e r e  
d i r e c t i o n a l  p rob lems  below t h e  1 3  3/8 i n c h  
c a s i n g  a t  3500 '. D r i l l i n g  t e c h n i q u e s  
u s i n g  l i g h t  b i t  we igh t  and v a r i o u s  
s t a b i l i z e d  bo t tom h o l e  a s s e m b l i e s  were 
employed i n  t h e  1 2  1 / 4 "  h o l e .  However, 
e v e n t u a l l y  be low t h e  9 5/8" seven  downhole 
t u r b i n e  r u n s  ( f r o m  6079'  t o  6319 ' )  were 
used t o  m a k e  d i r e c t i o n a l  c o r r e c t i o n s  t o  
a v o i d  v i o l a t i n g  t h e  e a s t e r n  lease l i n e s .  
The h o l e  was t u r n e d  t o  t h e  s o u t h  a n d  t h e  
h o l e  a n g l e  d ropped  from 8 1 / 4  t o  3 
d e g r e e s .  Because o f  t h e  h o l e  c o n d i t i o n s ,  
h i g h  t e m p e r a t u r e  and t h e  low a n g l e  and 
d i r e c t i o n  of  t h e  h o l e  no a d d i t i o n a l  
s u r v e y s  were made d u r  i ng d r i l l i n g  below 
a b o u t  9400 f e e t .  

The H D R  w e l l  was r e - d i r e c t e d  below a . 
m i l l e d  o u t  s e c t i o n  o f  t h e  9 5/8" c a s i n g .  
The h o l e  a n g l e  was c o n t i n u a l l y  d ropped  
from 22 d e g r e e s  t o  a b o u t  1 0  d e g r e e s .  Two 
c o u r s e  c o r r e c t i o n s  were w i t h  downhole 
moineau rno te r s  between 11 ,015 '  and 
1 1 , 3 1 5 ' .  The h o l e  was r e l a t i v e l y  low 
c u r v a t u r e  i n  t h e  c o r e d  s e c t i o n s .  

Hole P rob lems  

B e s i d e s  t h e  d i r e c t i o n a l  c o n t r o l  p rob lems ,  
s e v e r e  l o s t  c i r c u l a t i o n  was e n c o u n t e r e d  i n  
t h e  SSSDP w e l l  below t h e  9 5/8" c a s i n g .  
D r i l l i n g  and c o r i n g  were p lagued  b y  t h e s e  
p rob lems  w i t h  t h e  d r i l l  s t r i n g  becoming 
s t u c k  s e v e r a l  times. Al so ,  d r i l l i n g  and 
c o r i n g  were c o n d u c t e d  w i t h o u t  c i r c u l a t i o n  
i n  several  i n t e r v a l s .  The p r i m a r y  
d r i l l i n g  f l u i d  i n  t h e  SSSDP w e l l  was l i g h t  
we igh t  polymer and g e l  used from s u r f a c e  
t o  10 ,475 ' .  The f l u i d  a d d i t i v e s  and 
p r o p e r t i e s  v a r i e d  w i t h  t h e  t e m p e r a t u r e .  
C o n s i d e r a b l e  l o s t  c i r c u l a t i o n  ma te r i a l  
was used i n  t h e  8 1/2" h o l e .  

The p r i m a r y  h o l e  problem on t h e  HDR w e l l  
was t h e  d r a g  d u e  t o  t h e  n a t u r e  o f  t h e  
f r i c t i o n  between t h e  d r i l l s t r i n g  and 
f o r m a t i o n  which was a c c e n t u a t e d  b y  t h e  up- 
h o l e  h o l e  c u r v a t u r e .  The d r i l l i n g  f l u i d  
was a l i g h t l y  t r e a t e d  s e p i o l i t e  s y s t e m  
d e s i g n e d  p r i m a r i l y  t o  p r o v i d e  l u b r i c i t y  t o  
t h e  d r i l l s t r i n g  and clean t h e  h o l e  
e f f e c t i v e l y .  
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C O R I N G  OPERATIONS -- ---- ------ 
Complete l i s t i n g s  o f  t h e  c o n v e n t i o n a l  
c o r e s  t a k e n  i n  t h e  two wells a r e  c o n t a i n e d  
i n  T a b l e s  1 and 2.  Two u n c o n v e n t i o n a l  
c o r e s  a r e  r e c o r d e d  b y  t h e  sc ient is ts  on 
t h e  SSSUP. These c o r e s  were t a k e n  w h i l e  
f i s h i n g  w i t h  c o r e  I' b a s k e t s "  . 
The c o r i n g  i n  t h e  upper  4600' o f  t h e  SSSDP 
well was v e r y  s u c c e s s f u l .  The f i r s t  t h r e e  
c o r e s  were c u t  w i t h  a 30 '  bar re l .  Cores 4 
t h r o u g h  12  were c u t  w i t h  a 6 0 '  ba r r e l  w i t h  
a f u l l  60 '  b e i n g  c u t  f o r  f i v e  o f  t h e  
c o r e s .  D r i l l p i p e  c o n n e c t i o n s  were made 
s u c c e s s f u l l y  on  a l l  t h e s e  c o r e s .  The c o r e  
c a t c h e r  jammed on  c o r e  No. 6 a f t e r  a 
c o n n e c t i o n .  On c o r e  Nos. 1 0  and 11 t h e  
c o r e  jammed on  a c o n n e c t i o n .  Core  No. 12  
jammed i n  t h e  c a t c h e r .  A f t e r  c o r e  No. 1 2  
o n l y  3 0 '  b a r r e l s  were used  f o r  a l l  
successive c o r e s .  

C o n v e n t i o n a l  3 0 '  barre l s  were used on t h e  
f i r s t  two r u n s  i n  EE3A which c u t  a 4" 
c o r e .  A s p e c i a l  1 5 '  ba r r e l  was used  on 
c o r e  No. 3 and two tandem 1 5 '  b a r r e l s  were 
r u n  o n  c o r e  No. 4 which c u t  a t h r e e  i n c h  
c o r e .  

Core B i t s  

I n  t h e  SSSDP w e l l  f o u r  t y p e s  o f  c o r e  b i t s  
( h e a d s )  were used.  A l l  c o r i n g  equipment  
was made b y  t h e  same ~ o r n p a n y . ~  The RC476 
had p o l y c r y s t a l l i n e  diamonds ( s t u d  
mounted) c u t t e r s  w i t h  n a t u r a l  diamonds on  
t h e  O.D. and I . D .  gauge.  Two 9 7/8" a n d  
one  8 1 / 2 "  RC476's were used .  These 
pe r fo rmed  w e l l  i n  t h e  s o f t  and  medium s o f t  
s e c t i o n s  of  t h e  h o l e .  P e n e t r a t i o n  r a t e s  
were o f t e n  coinparable  t o  d r i l l  b i t  ra tes .  
C u t t e r  wear and b r e a k a g e  o f  t h e  
p o l y c r y s t a l l i n e  diamonds became a problem 
a s  t h e  f o r m a t i o n s  became h a r d e r  and more 
f r a c t u r e d .  A h a r d ,  ab ras ive  f o r m a t i o n  
h e a d ,  t h e  SC226, which had s m a l l ,  d e n s e l y  
s e t ,  s y n t h e t i c  p o l y c r y s t a l l i n e  diainond 
c u t t e r s  w i t h  n a t u r a l  diamond 0.0. a n d  I . D .  
c u t t e r s  was u s e d  i n  t h e  h a r d e r ,  f r a c t u r e d  
f o r m a t i o n s .  The p e n e t r a t i o n  r a t e s  were 
g e n e r a l l y  v e r y  s low w i t h  t h e s e  b i t s  
v a r y i n g  from 1 /10  t o  1/2 t h e  d r i l l  b i t  
ra tes .  The C201'was a h a r d e r  f o r m a t i o n  
v e r s i o n  o f  t h e  SC226 and c u t  v e r y  s l o w l y .  

Three  t y p e s  o f  b i t s  were used  o n  EE3A. 
The No. 1 c o r e h e a d  was s imi la r  t o  t h e  C201 
a b o r e  r u n  on a N a v i D r i l l  Mach 2. The 
p e n e t r a t i o n  r a t e  was v e r y  s l o w  and t h e  b i t  
was d e s t r o y e d  i n  t h e  h a r d  a b r a s i v e  
g r a n i t e .  The No. 2 r u n  was w i t h  a 
s p e c i a l l y  d e s i g n e d  p o l y c r y s t a l l i n e  and 
n a t u r a l  diamond b i t  p roduced  b y  DOWDCO. 
The b i t  was r o t a r y  d l r i v e n  from t h e  
sur tace.  T h i s  b i t  a l s o  p e n e t r a t e d  v e r y  
s l o w l y  and was damaged, i n  o n l y  t h r e e  
fee t .  Run Nos.  3 and 4 were w i t h  a 

s p e c i a l  h y b r i d  ' c o r e  b i t  w i t h  t u n g s t e n  
ca rb ide  r o l l e r  c o r e  cu t te rs  which u s e d  
p o l y c r y s t a l l i n e  daiamonds on  s t u d s  f o r  
i n t e r n a l  trimmer cut ters .  

The h y b r i d  b i t s  c u t  a t  a b o u t  50% of t h e  
d r i l l  r a te .  Both b i t s  c u t  f u l l  b a r r e l  
i n t e r v a l s .  However, some c o r e  was l o s t .  
The p r i m a r y  problem wi th  t h e s e  b i t s  was 
t h e  b e a r i n g  wear. The s lower  r o t a r y  ( and  
a p i l o t  h o l e  descr ibed  below) on r u n  No. 4 
which c u t  3 0 ' ,  twice t h e  i n t e r v a l  o f  run 
No. 3 seemed t o  r e d u c e  t h e  wear. 

Barrels  and  C a t c h e r s  .---- --- --- 
S t a n d a r d  steel  b a r r e l s  were u s e d  on a l l  
t h e  HDR r u n s  and on t h e  f i r s t  1 2  r u n s  on  
t h e  SSSDP w e l l .  Barrel  and  c a t c h e r  
jamming began l i m i t i n g  t h e  c o r i n g  
i n t e r v a l s  i n  t h e  SSSDP w e l l .  Aluminum 
b a r r e l s  w i t h  s l i p  and dog c a t c h e r s  were 
used on r u n s  Nos. 1 3  and  19.  These 
i n i t i a l l y  pe r fo rmed  w e l l  and h e l p e d  r e d u c e  
t h e  b a r r e l  and c a t c h e r  jamming problems.  
A s tee l  b a r r e l  w i t h  a chromed i n n e r  
s u r f a c e  had been o r d e r e d  when t h e  b a r r e l  
jamming problem s t a r t e d  o c c u r i n g .  I t  was 
used a l o n g  w i t h  a s l i p  and k n i f e  c a t c h e r  
on r u n  Nos. 20 t h r o u g h  33. Barrel  jamming 
c o n t i n u e d  t o  be  t h e  ma jo r  problem l i m i t i n g  
t h e  c o r e d  f o o t a g e .  

On t h e  HDR w e l l  c o r e  Nos. 3 and 4 u s e d  a 
s l i p  .and k n i f e  c a t c h e r  and o r i e n t a t i o n  
s u r v e y s  were t a k e n  a t  t h e  e n d  o f  e a c h  c o r e  
r u n .  The scribe mark on t h e  c o r e  was 
g e n e r a l l y  v e r y  f a i n t  b u t  o r i e n t a t i o n  was 
p o s s i b l e .  The h e l i c a l  n a t u r e  o f  t h e  
scr ibe m a r k  on  b o t h  c o r e s  i n d i c a t e d  c o r e  
r o t a t i o n .  T h i s  was p r o b a b l y  due  t o  t h e  
h i g h  d r a g  on t h e  c o r e s  from t h e  tr i inrners.  

Hole S i z e  - ---- 
Barrel  s t a b i l i z a t i o n  appea red  t o  be a 
problem where c o r e h e a d s  were less diameter 
t h a h  t h e  d r i l l  h o l e .  T h i s  d i d  n o t  seem t o  
b e  a problem i n  t h e  s o f t e r ,  s t r a i g h t  uppe r  
p o r t i o n  o f  t h e  SSSDP w e l l .  A l so ,  reaming 
t h e  h o l e  a f t e r  c o r e  r u n s  became a ma jo r  
problem i n  t h e  h a r d e r ,  f r a c t u r e d  
f o r m a t i o n s .  Severe wear and  damage was 
o c c u r i n g  t o  t h e  o u t e r  b i t  t e e t h .  T h i s  
was o n e  o f  t h e  maj.or r e a s o n s  € o r  
abandon ing  t h e  6 0 '  c o r e  b a r r e l  r u n s .  B i t  
gauge wear became a problem below 9400' 
and reaming w i t h  t h e  c o r e  head on r u n  No. 
33 c a u s e d  damage t o  t h e  head. Thus,  on 
r u n  No. 34 a 7 5/8"  co rehead  and s m a l l e r  
b a r r e l  was used .  The 7 5/8" s i z e  was 
selected t o  g i v e  a s u f f i c i e n t  s h o u l d e r  f o r  
reaming t o  8 1 /2"  t o  h e l p  a l l e v i a t e  
p i n c h i n g  of  t h e  d r i l l  bit. 

I n  w e l l  EE3A a 7 7/8" p i l o t  h o l e  was 
f i r s t  d r i l l e d  t o  r u n  t h e  7 7/8"  h y b r i d  
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b i t  i n  t h e  8 1 / 2 "  h o l e .  T h i s  a p p a r e n t l y  
d i d  h e l p  r e d u c e  t h e  b i t  wear and i n c r e a s e  
t h e  p e n e t r a t i o n  r a t e .  

C 

S U M M A R Y  --- 
T h i r t y  f o u r  c o r e  r u n s  were made i n  t h e  
S a l t o n  Sea  w e l l  where 792 '  of h o l e  was 
c o r e d  w i t h  722.1' r e c o v e r e d  (91% o v e r a l l ) .  
P o t e n t i a l  c o r e  was 1 2 9 0 '  w i t h  t h e  l e n g t h s  
o f  c o r e  b a r r e l s  r u n .  Thus,  o n l y  5 6 %  o f  
p o t e n t i a l  c o r e  was r e c o v e r e d .  A t  t h e  HDR 
P r o j e c t  55 f e e t  were c o r e d  and  44.75 '  
r e c o v e r e d .  P o t e n t i a l  c o r e  was 1 0 5 '  or 
42.6% o f  p o t e n t i a l  c o r e  r e c o v e r e d .  

C o n s i d e r a b l e  deve lopmen t  i n  c o r i n g  
equ ipmen t  and o p e r a t i o n s  m u s t  b e  made t o  
t e c h n i c a l l y  and e c o n o m i c a l l y  c o r e  
e x t e n s i v e l y  i n  l a r g e  d i a m e t e r  w e l l b o r e s  i n  
t h e  g e o t h e r m a l  env i ronmen t .  The ma] o r  
p rob lems  o b s e r v e d  from t h e  c o r i n g  r e s u l t s  
i n  t h e s e  two wells a re :  

1. Slow p e n e t r a t i o n  r a t e s  o f  c o r e  heads ,  
2 .  Jamming o f  t h e  c a t c h e r s  and b a r r e l s ,  
3 .  Undergauged h o l e  c a u s i n g  o u t e r  d i a  

4. Loss o f  c i r c u l a t i o n  a t  t h e  c o r e h e a d ,  
5. D e v i a t i o n  c o n t r o l ,  and  h o l e  d r a g ,  
6.  S h o r t  c o r e  b i t  l i f e  o f  t h e  h y b r i d  

7. L a c k  o f  b a r r e l  and b i t  s t a b i l i z a t i o n .  

me te r  c o r e h e a d  wear, 

b i t s  a n d ,  

R e f e r e n c e  t o  a company, p r o d u c t ,  name  o r  
equ ipmen t  item d o e s  n o t  imp ly  a p p r o v a l  or 
recommendation b y  t h e  a u t h o r ,  t h e  
U n i v e r s i t y  of  C a l i f o r n i a  (Los  Alamos) o r  
t h e  U.S. Department  o f  Energy t o  t h e  
e x c l u s i o n  o f  o t h e r s  t h a t  may b e  s u i t a b l e .  

m m m 
rl 

g E  

r-r- 
S p e c i a l  t h a n k s  a r e  d u e  t o  many o u t s t a n d i n g  
s c i en t i s t s  on t h e  SSSDP, e s p e c i a l l y  Wi l f  
E l d e r s  a n d  John Sass and  t h e  e n g i n e e r s  
f rom B e c h t e l ,  C h a r l i e  Harper, Dave Rabb 
and Dave Meehan and t h e  d r i l l i n g  
s u p e r v i s o r  Gera ld  Reich.  I a l s o  t h a n k  t h e  
s c i en t i s t s  and e n g i n e e r s  a t  Cos Alamos. My 
a c t i v i t i e s  on b o t h  p r o j - e c t s  were made 
p o s s i b l e  b y  f u n d i n g  t h r o u g h  t h e  U.S. 
Department  o f  Energy.  
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