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Sand ia  L a b o r a t o r i e s  c o n d u c t s  d r i l l i n g  R&D p r o j e c t s  i n  support  
of t h e  D i v i s i o n  o f  O i l ,  Gas, Shale  and I n  S i t u  Technology ( D O G S I S T ) ,  
DOE'S Off ice  of Energy Research ( O E R ) ,  and t h e  D i v i s i o n  of Geothermal 
Energy ( D G E ) .  T h i s  paper  w i l l  r ev iew p r o j e c t s  conducted fo r  DGE and 
OER, since projects  conducted for  DOGSIST are described i n  d e t a i l  
elsewhere i n  t h e  p r o c e e d i n g s  of t h i s  Symposium. 

Sandia  manages t h e  DGE Well Tec o logy  Program which  i n c l u d e s  
d r i l l i n g ,  w e l l  comple t ion  and h i g h  temperature l o g g i n g  in s t rumen ta -  
t i o n  R&D fo r  geothermal  a p p l i c a t i o n s .  Accomplishments t o  da te  i n c l u d e  
successfu l  l a b o r a t o r y  t e s t i n g  of t h e  c o n t i n u o u s  c h a i n  d r i l l  and 
development  of  t gmpera tu re ,  pressure and f l o w  sondes  c a p a b l e  of 
o p e r a t i o n  a t  275 C. 

h i g h  t e m p e r a t u r e ,  h i g h  performanc h i g h  t empera tu re  d r i l l i n g  
f l u i d s ;  and h i g h  temperature downhole motors .  Bea r ings ,  sea ls  and 
l u b r i c a n t s  for  u s e  i n  h i g h  t empera tu re  b i t s  and motors  a r e  a l so  
be ing  developed  and tested. Recen t  r e s u l t s  from t h i s  work w i l l  be 
p r e s e n t e d .  

As par t  of t h e  DGE Progr  are a l s o  under way t o  d e v e l o p  

Under OER s p o n s o r s h i  a n d i a ' s  Magma Energy 
r c h  Project,  a d r i l l  a l a v a  lake  a t  Kilauea 

I k i ,  Hawaii ,  is be ing  conduc A s  p a r t  of t h e  proposed C o n t i n e n t a l  
D r i l l i n g  Program, materia o r  d r i l l i n g  i n t o  an  a c t i v e  
magma/hyd r o  the rma l  s y s  tem are r y  phase of  s t u d y .  

Sand ia  L a b o r a t o r i e s  is a c o n t r a c t  l a b o r a t o r y  t o  t h e  Department  of 
Energy o p e r a t e d  by t h e  Western Electr ic  Company. Whi le  t h e  p r imary  
mis s ion  of Sand ia  is  i n  n u c l e a r  ordnance  eng inee r ing ;  it h a s  been 
engaged i n  e n e r g y  research and development  s i n c e  t h e  e a r l y  70-'s. 
One of t h e  areas of pr imary  emphasis  i n  energy  research is d r i l l i n g  
technology.  
i n s t r u m e n t a t i o n ,  t e s t i n g  and eva lua t ion  h a s  had d i r ec t  a p p l i c a t i o n .  

*Work performed f o r  t h e  U.S. Dept. of Energy, C o n t r a c t  No. AT(29-1)-789. 
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Under e a r l y  s p o n s o r s h i p  by t h e  D i v i s i o n  of  Geothermal Energy, 
Sandia  i n v e s t i g a t e d  novel  approaches  t o  d r i l l i n g  w i t h  t h e  o b j e c t i v e  
o f  i n c r e a s i n g  p e n e t r a t i o n  ra te  and b i t  l i f e  t o  reduce  t o s t s .  Con- 
c e p t s  such as  t h e  downhole r e p l a c e a b l e  r o l l e r  cone b i t  t h e  t e r ra  

s p a r k  d r i l l g  and t h e  con t inuous  c h a i n  d r i l l 4  a l l  were s t u d i e d .  
E f f o r t s  on t h e  f i r s t  two have been d i s c o n t i n u e d ;  a f e a s i b i l i t y  
s t u d y  h a s  been concluded on  t h e  s p a r k  d r i l l  w i t h  t h e  recommendation 
t h a t  a c o s t - e f f e c t i v e  i n c r e a s e  i n  d r i l l i n g  r.ates is p robab ly  n o t  
a t t a i n a b l e  g i v e n  t h e  p r e s e n t  s t a t e  of technology5;  
c h a i n  d r i l l  h a s  undergone s u c c e s s f u l  l a b o r a t o r y  which w i l l  
be descr ibed  i n  d e t a i l  i n  t h i s  paper .  

blems have been s t u d i e d .  For t h e  D r i l l i n g  and Of f shore  Technology 
Branch,  t h e s e  i n c l u d e  t h e  development  of  improved bonding t e c h n i q u e s  
f o r  t h e  S r a t a p a x *  diamond cu t te rs ,  y 8 w e l l  a s  t h e  a p p l i c a t i o n  of 
S t r a t a p a x k  t o  new d r i l l  b i t  d e s i g n s .  
s tee l s  i n  c o r r o s i v e  envi ronments  have been conducted. '  Coated 
elastomers f o r  improved h i g h  t empera tu re  erformance have been 
developed  and are undergoing e v a l u a t i o n .  A p o r t a b l e  mud v iscometer  
h a s  been developed  which p r o v i d e s  measurement of t h e  r h e o l o g i c a l  
c h a r a c t e r i s t i d s  of  d r i l l i n g  muds a t  s i  l a t ed  boreho le  c o n d i t i o n s  
o f  h igh  t e m p e r a t u r e  and h igh  pressure. 'y For t h e  Enhanced Gas Recovery 
Program which is b e i n g  conducted a t  t h e  B a r t l e s v i l l e  Energy Research 
Cen te r ,  a p r e s s u r i z e d  c o r e  ba is be ing  developed i n  c o n j u n c t i o n  
w i t h  Maurer Engineer ing ,  Inc .  '':I3 As p a r t  of S a n d i a ' s  e f f o r t s  
i n  i n  s i t u  coal g a s i f i c a t i o n ,  a c o n t r a c t  h a s  been p l a c e d  w i t h  
t h e  U n i v e r s i t y  of  Missour i  a t  R o l l a  t o  e v a l u a t e  e r o s i o n  d r i l l i n g  
a s  a mfihod t o  o b t a i n  and c o n t r o l  l i n k a g e  between ve r t i ca l  bore-  
h o l e s .  

d r i l l  - a c mbina t ion  of  p r o j e c t i l e s  w i t h  a t r i - c o n e  b i t  ' 2  , t h e  

t h e  con t inuous  

Under DOGSIST s p o n s o r s h i p ,  a v a r i e t y  of  d r i l l i n g  re la ted pro-  

S t u d i e s  of d ill s t r i n g  

Many of t h e s e  DOGSIST-sponsored e f f o r t s  are  s u b j e c t s  of  p a p e r s  
p r e s e n t e d  a t  t h i s  symposium and w i l l  n o t  be d i s c u s s e d  f u r t h e r  
i n  t h i s  paper .  W e  w i l l  c o n c e n t r a t e  on t h e  review of Sand ia ' s  
d r i l l i n g  R&D be ing  conducted i n  a s s o c i a t i o n  w i t h  programs sponsored 
by t h e  Department  of Energy 's  D i v i s i o n  of Geothermal Energy and - 
t h e  O f f i c e  o f  Energy Research. 

DGE WELL TECHNOLOGY PROGRAM 

o s u p p o r t  a t t a i n m e n t . o f  t h e  ge  thermal power-on-1 i n e  g o a l s ,  DGE 
Technology Program which is  managed by Sandia  
h e  program i n c l u d e s  r e s e a r c h  and development  

t a s k s  i n  d r i l l i n g ,  11 comple t ions  and h i g h  t empera tu re  instrumen- 
t a t i o n  f o r  l o g g i n g  a p p l i c a t i o n s .  A p o r t i o n  of  t h i s  program is 
conducted in-house a t  Sand ia ,  w h i l e  t h e  remainder of t h e  research 
and development  is conducted on c o  racts t e c h n i c a l l y  managed by 
Sandia .  

o r a t o r  ies.l'f'% 

*A r e g i s t e r e d  trademark of t h e  General Electr ic  Company. 



A t  Sand ia ,  t h e  well technology program is d i v i d e d  i n t o  two p a r t s :  
D r i l l i n g  and Well Complet ions,  t e c h n i c a l l y  s u p e r v i s e d  by D r .  S. 
Varnado w i t h  t h e  a s s i s t a n c e  of t h e  a d v i s o r y  p a n e l  shown i n  Table  I-A; 
and t h e  Logging Program t e c h n i c a l l y  s u p e r v i s e d  by D r .  A. Veneruso 
w i t h  gu idance  p rov ided  by t h e  a d v i s o r y  p a n e l  l i s t e d  i n  Table 1-B.  

C o s t  B e n e f i t  A n a l y s i s  

p o t e n t i a l  impact  t h a t  improvements i n  d r i l l i n g  and comple t ions  
technolqgy cou ld  m a k e  t o  a c h i e v i n g  DOE'S geothermal  power-on-line 
goals. , T h i s  s t u d y  s tar ted by d e f i n i n g  t h e  dependence of  
geothermal  bower-on-line g o a l s  on associated bus-bar ene rgy  c o s t s ,  
and t h e n  q u a n t i f i e d  t h e  s e n s i t i v i t y  of  bus-bar energy  c o s t s  t o  
geothermal w e l l  costs. The s t u d y  t h e n  examined c u r r e n t  t rends  i n  
w e l l  c o s t s  and o u t l i n e d  p r e s e n t  d e f i c i e n c i e s  i n  geothermal  d r i l l i n g  
and w e l l  comple t ion  t e c h n o l o g l e s .  Th i s  allowed a n  a s ses smen t  of 
t h e  impact t h a t  improvements i n  d r i l l i n g  and w e l l  comple t ions  tech- 
nology cou ld  make on improving t h e  o v e r a l l  economic v i a b i l i t y  of 
geo the rma l  e n e r g y ,  t h u s  c o n t r i b u t i n g  t o  a c h i e v i n g  t h e  DOE power- 
on - l ine  g o a l s  ( F i g u r e  I ) .  

A sys tems a n a l y s i s  s t u d y  h a s  been conducted t o  i d e n t i f y  t h e  

1 

C u r r e n t  DOE geothermal  go q u i v a l e n t  of 11.5 g i g a -  ~ 

. w a t t s  e l ec t r i c  power-on-line by t h e  y e a r  2015. T h i s  sys tems s t u d y  
i d e n t i f i e d  t h a t  a 20% r e d u c t i o n  i n  d r i l l i n g  c o s t s  could p robab ly  
be a t t a i n e d  by improvements i n  r o t a r y  d r i l l i n g  technolgoy a s  a p p l i e d  
t o  geothermal  a p p l i c a t i o n s .  However, t h e  s t u d y  concluded t h a t  it 
was u n l i k e l y  t h a t  DGE g o a l s  could  be m e t  w i t h  t h i s  l e v e l  of c o s t  
r e d u c t i o n .  Rather ,  it appeared  t h a t  a 50% r e d u c t i o n  i n  c o s t s  
a s s o c i a t e d  w i t h  geothermal  wells would be needed t o  a t t a i n  t h e  DGE 
g o a l s .  Based on t h i s  s t u d y ,  a broad program i n  d r i l l i n g  and w e l l  
comple t ions  technology was d e f i n e d  and proposed t o  DGE. To a c h i e v e  
t h e  20% c o s t  r e d u c t i o n  g o a l ,  improvement i n  methods,  too ls  and 
materials related t o  c o n v e n t i o n a l  r o t a r y  d r i l l i n g  were i d e n t i f i e d  
a s  t h e  dominan t  approach.  chievement  of t h e  50% c o s t  r e d u c t i o n  
g o a l  a p p e a r s  t o  be p o s s i b l  
t echnology development  program h a t  i n c l u d e s  t h e  development  of 
advanced d r i l l i n g  sys t ems ,  t h e  x t e n s i v e  u s e  of l a b o r a t o r y  and 
f i e l d  t e s t i n g ,  i n c l u s i o n  of s a  t y  and t r a i n i n g  programs, and t h e  
a p p l i c a t i o n  of  i n t e g r a t e d  da ta  and au tomat ion  sys tems.  C u r r e n t l y ,  

n l y  through an  expanded d r i l l i n g  

, D G E  is fund ing  o n l y  t h e  f i r s t  l e v e l  of t h i s  program. Hopefu l ly  
t r e d u c t i o n  g o a l  w i l l  

P r e s e n t l y ,  contracts  have been awarded f o r  RtD a c t i v i t i e s  a s  . 

shown i n  ,Table 2. Major emphasis t o  d a t e  h a s  been on improved 
d r i l l  b i t s  and on h i g h  t empera tu re  d r i l l i n g  f l u i d s  r e s e a r c h .  
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With r e s p e c t  t o  major accomplishments  a c h i e v e d  by t h i s  program 
t o  d a t e ,  S m i t h  Tool  Company and C h r i s t e n s e n  Diamond P r o d u c t s  . 
cut te rs .  These b i t s  have been tested i n  t h e  l a b o r a t o r y .  F i e l d  
t e s t s  a re  p l anned  for  t h e  summer of 1978. Daedalean s u c c e s s f u l l y  
t e s t e d  t h e i r  c a v i t a t i n g  j e t  d e s c a l i n g  method on geo the rma l  equipment  
a t  Ni land ,  CA, i n  J a n u a r y  1978. Fac i l i t i e s  have been developed  
a t  t h e  Terra Tek  D r i l l i n g  Research Labora to ry  t o  t e s t  seals  and 
b e a r i a g - s e a l  packages  a t  s imula ted  downhole-geothermal  c o n d i t i o n s  - 300 C and 500 ps i .  A 550°F f l o w  l o o p  f a c i l i t y  f o r  t h e  t e s t i n g  
o f  d r i l l i n g  muds h a s  been completed a t  t h e  U n i v e r s i t y  o f  Oklahoma. 

Cont inuous Chain D r i l l  B i t  

are f a b r i c a t i n g  p r o t o t y p e  f u l l  scale b i t s  u t i l i z i n g  S t r a t a p a x  Eo 

A t  S a n d i a  L a b o r a t o r i e s ,  t h e  Cont inuous  Chain D r i l l ,  i n  which f r e s h  
c u t t i n g  surfaces a re  c y c l e d  i n t o  place w i t h o u t  removing t h e  b i t  f rom 
t h e  b o r e h o l e ,  fs under development .  A Cont inuous  Chain D r i l l  

n a t u r a l  and s y n t h e t i c  ( S t r a t a p a x R )  diamonds set  i n  a t u n g s t e n  carbide 
matrix.  The 
c u t t i n g  s t r u c t u r e  is attached t o  t h e  l i n k s  of t h e  c o n t i n u o u s  
c h a i n .  F i v e  l i n k s  c o n s t i t u t e  t h e  c u t t i n g  s u r f a c e .  There a re  s u f -  
f i c i e n t  l i n k s  t o  replace t h e  c u t t i n g  surface 1 5  times b e f o r e  a 
t r i p  m u s t  be made. 

D r i l l i n g  is done by a combina t ion  of b i t  l o a d  and r o t a t i o n  a s  i n  
c o n v e n t i o n a l  r o t a r y  d r i l l i n g .  

head b i t  development  program, F i g u r e  3.  Ten f i x e d  head b i t s  t h a t  
employed 8 d i f f e r e n t  diamond c o n f i g u r a t i o n s  were b u i l t  by C h r i s t e n s e n  
Diamond Products ,  I n c .  t o  Sand ia  s p e c i f i c a t i o n s .  These f i x e d  head 
b i t s  were tested a t  t h e  Reed/Terra Tek D r i l l i n g  Research Labora to ry .  
C h r i s t e n s e n  p r o v i d e d  c o n s u l t i n g  s e r v i c e s  on t h e  e i g h t h  f i x e d  head 
b i t  d e s i g n .  F e a t u r e s  o f  t h i s  l a t t e r  f i x e d  head b i t  have 
been i n c o r p o r a t e d  i n t o  t h e  p r  s e n t  c h a i n  l i n k  d e s i g n .  

The f i n a l  c u t t i n g  s t r u c t u r e  d e s i g n  employs s e v e r a l  un ique  d e s i g n  
features:  

, p r o t o t y p e  is shown i n  F i g u r e  2. The c u t t i n g  surface c o n s i s t s  of 

The f o u r  S t r a t a p a x R  c u t  t h e  center of  t h e  h o l e .  

D r i l l i n g  f l u i d  p r e s s u r e  is used  t o  c y c l e  t h e  c h a i n  downhole. 

C u t t i n g  s t ruc ture  d i g n  and b i t  h y d r a u l i c s  evo lved  i n  a f i x e d  

(1) 

( 2 )  A modular h y d r a u l i c s  d e s i g n  was i n c o r p o r a t e d  which s i g n i f i -  

S t r a t a p a x R  are used  i n  t h e  nose  o f  t h e  b i t .  
t h e  nose  area a s  a l i f e  l i m i t i n g  f a c t o r  and i n c r e a s e d  t h e  
i n s t a n t a n e o u s  p e n e t r a t i o n  ra te  f o r  a f i x e d  b i t  load. 

c a n t l y  improved b i t  c o o l i n g  and c l e a n i n g .  An i n c r e a s e  i n  
d r i l l i n g  l i f e  w h i l e  d r i l l i n g  w i t h  t h e  h i g h e r  b i t  load 
r e su l t ed  f rom t h  

T h i s  e l i m i n a t e d  

( 3 )  A l i gh te r - than -norma l  ba l anced  diamond s e t  was i n c o r p o r a t e d .  
Uniform wear r a t e  and a load o f  1 2 0  pounds per diamond were 
t h e  d e s i g n  c r i t e r i a .  T h i s  resulted 'In fewe; diamonds p e r  



square i n c h  compared t o  c o n v e n t i o n a l  b i t s  which  i n c r e a s e d  
p e n e t r a t i o n  r a t e  f o r  a g i v e n  b i t  l o a d  w i t h  l i t t l e  l o s s  i n  
b i t  l i f e .  

T e s t  r e s u l t s  of t h e  f i x e d  head b i t s  are  summarized i n  F i g u r e  4. 

Two p r o t o t y p e  4 3/4 i n c h  diameter c h a i n  d r i l l s  have been des igned  
and  fabr icated a t  Sandia .  Both b i t s  have been tested a t  t h e  Reed/ 
Terra Tek DRL. The f i r s t  u t i l i z e d  C h r i s t e n s e n - b u i l t  c h a i n  l i n k s ,  
t h e  second u t i l i z e d  a n  a l t e r n a t e  d e s i g n  by N. L. Hycalog. T e s t i n g  
of b o t h  p r o t o t y p e s  was done a t  room t e m p e r a t u r e  and a t  a tmosphe r i c  
p r e s s u r e  i n  Sierra  White G r a n i t e  a t  100  rpm. 
t o  m a i n t a i n  a 4 - f t  p e r  hour  p e n e t r a t i o n  ra te .  T e s t i n g  was t e r m i n a t e d  
when t h e  r e q u i r e d , b i t  l o a d  exceeded 15 ,000  pounds. The f i r s t  
p r o t o t y p e  c h a i n  d r i l l  ( C h r i s t e n s e n )  w a s  t es ted  i n  September 1977. 
The f o o t a g e  d r i l l e d  v e r s u s  b i t  l o a d  f o r  a l l  t e s t s  a re  shown i n  
F i g u r e  5. 
c o r r e c t e d  u t i l i z i n g  h a r d e r  materials and i n c r e a s e d  opening  o f  t h e  
f l u i d  e n t r y  h o l e s .  I n  t h e  f i r s t  p r o t o t y p e  t e s t ,  t h e  c h a i n  c y c l i n g  
mechan-ism was o v e r l y  s e n s i t i v e  t o  f l u c t u a t i o n s  i n  d r i l l i n g  f l u i d  
p r e s s u r e  b u t  r e c e n t  e f f o r t s  have  improved t h e  r e l i a b i l i t y  o f  t h i s  
mechanism. T h i s  c h a i n  d r i l l  o u t d r i l l e d  t h e  c o n t r o l  b i t  ( C h r i s -  
t e n s e n  MD-24) by a f a c t o r  -of 2 on t h e  a v e r a g e  w i t h  g e n e r a l l y  
l i g h t e r  b i t  l o a d s .  Performance of  t h e  second p r o t o t y p e  c h a i n  d r i l l  
tests,  conducted  i n  A p r i l  1 9 7 8 ,  was n o t  a s  s u c c e s s f u l  a s  t h e  f i r s t  
p r o t o t y p e  t e s t  se r ies .  

type  d r i l l i n g  test ser ies ,  minimum c o s t - p e r - f o o t  c a l c u l a t i o n s  have 
been made. A summary o f  t h e s e  c a l c u l a t i o n s  is p r e s e n t e d  i n  F i g u r e  6 
which shows f o o t a g e  c o s t  s a v i n g s  r e l a t i v e  t o  a c o n v e n t i o n a l  b i t  as  
a f u n c t i o n  of  d e p t h .  The c h a i n  d r i l l  o f f e r s  a p p r e c i a b l e  cos t  
s a v i n g s  under  a l l  c o n d i t i o n s  c o n s i d e r e d .  

B i t  l o a d s  were v a r i e d  

Some f l u i d  e r o s i o n  problems were no ted  b u t  have been 

Using t h e  depth-versus- t ime da ta  g e n e r a t e d  i n  t h e  f i r s t  p r o t o -  

Well Completion Technology 

t i v i t y  and i n j e c t i v i t y  o f  geo the rma l  wells o v e r  t h e  20 t o  30 
y e a r  power p l a n t  a m o r t i z a t i o n  p e r i o d .  The p r o d u c t i o n  o r  i n j e c t i o n  
c a p a c i t y  and l o n g e v i t y  o f  a l l  geo the rma l  wells c a n  be g r e a t l y  
affected by t h e  t echno logy  u t i l i z e d  d u r i n g  comple t ion  and i n i t i a l  
p r o d u c t i o n .  I n  a d d i t i o n ,  t h e  env i ronmen ta l  impact  t h a t  may r e s u l t  
f rom u n d e r - u t i l i z a t i o n  of  comple t ion  t echno logy  i n  geo th rma l  e n e r g y  
development  d i c t a t e s  t h e  rapid and c o  e h e n s i v e  development  and 
implemen ta t ion  of  t h i s  

The c o m p l e t i o n s  t e  ogram is i n  a n  i n i t i a l  s t a t e  of 
development.  Under c o n t r a c t  w i t h  Complet ions Technology Company, 
a se r i e s  of s t u d i e s  h a s  been completed,  These i n c l u d e  a s t u d y  of  
t h e  c u r r e n t  s t a t e - o f - t h e - a r t  i n  geo the rma l  w e 1  comple t ions  a s  t h e y  
have been a d a p t e d  from t h e  pe t ro l eum i n d u s t r y .  
t h e  f o l l o w i n g :  c o r r o s i o n  i n  metals; scale  d e p o s i t i o n  and c o n t r o l s ;  

The economics of  g e o t  mal ene rgy  is c l o s e l y  t i e d  t o  t h e  produc- 

T h i s  r e p o r t  c o n s i d e r s  
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g e n e r a l  p r o d u c t i o n  and i n t e r v a l  comple t ion  t e c h n i q u e s ;  and a n  
a l l - l i q u i d  h e a t  r e c o v e r y  sys t ems  model. A second s t u d y  addressed 
t h e  q u e s t i o n  of  water r e i n j e c t i o n  f o r  geo the rma l  sys t ems  and 
i n c l u d e d  s e c t i o n s  on: water i n j e c t i o n  w e l l  fundamenta ls :  t h e  i n j e c -  
t i o n  w e l l  model; s o u r c e s  of water con taminan t s ;  s i m u l a t i n g  t h e  
downhole behav io r  o i n j e c t o r s ;  and t h e  o v e r a l l  i n f l u e n c e  of damage 
n e a r  t h e  w e l l  bore .  ‘’ A t h i r d  s t u d y  w a s  a n  overv iew o f  e x i s t i n g  
methods of geo the rma l  w e l l  c o m p l e t i o n s  i n  f o u r  t y p e s  of  r e s e r v o i r s ,  
(steam dominated,  l i q u i d  dominated,  h o t  d r y  r o c k ,  and g e o p r e s s u r e d ) .  
Based on t h e s e  s t u d i e s , .  t h e  problem areas ‘have been i d e n t i f i e d ,  and 
r e s e a r c h  directed toward t h e s e  areas w i l l  soon be i n i t i a t e d .  These 
areas i n c l u d e  thermal s t ress  a n a l y s i s ,  cas ing/cement  i n t e r a c t i o n  
s t u d i e s  c o r r o s i o n - e r o s i o n  s t u d i e s ,  steam w e l l  workover t e c h n i q u e s ,  
and a r t i f i c i a l  l i f t i n g  t e c h n i q u e s .  

i n c l u d e  p a r t i c i p a t i o n  i n  t h e  h i g h  temperature cement program be ing  
d i r e c t e d  by t h e  Brookhaven N a t i o n a l  L a b o r a t o r i e s ;  p a r t i c i p a t i o n  a s  
a n  a d v i s o r  i n  t h e  d r i l l i n g  and c o m p l e t i o n s  p l a n n i n g  o f  t h e  B r a z o r i a ,  
T e x a s ,  Geopressured  Geothermal T e s t  W e l l  Program: t h e  d e m o n s t r a t i o n  
t e s t i n g  of t h e  c a v i t a t i n g  water j e t  scale removal sys tem a t  t h e  
geo the rma l  t e s t  l o o p  f a c i l i t y  a t  Ni land ,  CA, and membrane f i l t e r  tes t -  
i n g  o f , t h e  i n j e c t i o n  f l u i d  a t  t h e  Magmamax # 3  w e l l  i n  t h e  I m p e r i a l  
V a l l e y .  These l a t t e r  t es t s  a re  b e i n g  used t o  p r o v i d e  d a t a  f o r  
i n c l u s i o n  i n  a computer model of i n j e c t i o n  w e l l  e r fo rmance  t h a t  
a l l o w s  p r e d i c t i o n  of t h e  h a l f .  l i f e  o f  t h e  w e l l .  A t  t h e  p r e s e n t  
t i m e ,  t h e  model does n o t  accurately p r e d i c t  w e l l  per formance;  i n j e c -  
t i v i t y  is h i g h e r  t h a n  t h e  model i n d i c a t e s .  T h i s  d i s c r e p a n c y  is 
t h o u g h t  t o  be due  t o  t h e  h i g h e r  s o l u b i l i t y  of  t h e  s o l i d s  i n  
t h e ’ f l u i d  a t  t h e  t e m p e r a t u r e  of t h e  i n j e c t i o n  zone. Labora to ry  
tests a re  underway t o  c o n f i r m  t h i s  i n d i c a t i o n  and a n  improved 
model w i l l  be g e n e r a t e d .  

Hiqh Temperature  Logqinq I n s t r u m e n t a t i o n  

l i m i t e d  by t h e  t e m p e r a t u r e  c a p a b i l i t y  ( approx ima te ly  18OOC) o f  
e x i s t i n g  l o g g i n g  equipment  deve loped  f o r  t h e  o i l  and gas  i n d u s t r y .  
The Geothermal  Logging I n s t r u m e n t a t i o n  Development Program b e i n g  
conducted  by S a n d i a  L a b o r a t o r i e s  f o r  DGE is a n  indus t ry -based  
e f f o r t  t o  d e v e l o p  and a p p l y  t h e  h i g h  t e m p e r a t u r e  n s t r u m e n t a t i o n  
needed t o  make  s e o t h e r m a l  b o r e h o l e  measurements.  2f 

20 

S p e c i f i c  a c t i v i t i e s  t o  date  i n  t h e  w e l l  c o m p l e t i o n s  program 

I n s t r u m e n t a t i o n  f o r  making geo the rma l  b o r e h o l e  measurements is 

The n e a r  term 
g o a l  is t o  d e v e i o p  i n s t r u m e n t a t i o n  f o r  u s e  a t  275OC and p r e s s u r e s  
u p  t o  48.3  mpa (7000 p s i ) ;  b sequen t  g o a l s  are  t o  e x t e n d  capabi l i  
t o  35OOC and 1 3 8  mpa (20,OO 

.ies 

The r e p e r t o i r e  of t o o l s  needed t o  enhance  geo the rma l  deve lop-  
ment, t h e i r  development  p r i o r i t y  and per formance  r e q u i r e m e n t s  are 
l i s t e d  i n  Table 3 based on f o r m a t i o n  compiled by t h e  1975 
Geothermal Logging Workshopiq and updated  by t h e  i n d u s  y-based 
Geothermal  Logging I n s t r u m e n t a t i o n  S t e e r i n g  Committee. 25 The t ech -  
n i c a l  development  o f  geo the rma l  b o r e h o l e  i n s t r u m e n t a t i o n  is d i v i d e d  
i n t o  t h r e e  t a sks :  (1) s e v e r e  envi ronment  components development ,  
( 2 )  p r o t o t y p e  sys t em development ,  and ( 3 )  b o r e h o l e  tes ts  and e v a l u a -  
t i o n s .  



E f f o r t s  i n  components development  are directed toward a l l e v i -  
a t i n g  e x i s t i n g  t e c h n i c a l  d e f i c i e n c i e s  by i d e n t i f y i n g ,  t e s t i n g ,  and 
e v a l u a t i n g  d e v i c e s ,  materials,  and components s u i t a b l e  f o r  u s e  i n  
geo the rma l  l o g g i n g  sys tems.  S p e c i f i c  developments  are  under  way 
i n  275OC e l e c t r o n i c s ,  h i g h  tempera ture-h igh  r e s o l u t i o n  p r e s s u r e  
t r a n s d u c e r s ,  a c o u s t i c  t r a n s d u c e r s ,  and h i g h  t e m p e r a t u r e ,  c o r r o s i o n  
r e s i s t a n t  e l a s t o m e r s ,  ceramics, and metals. 

a tu re ,  pressure, flow, and c a l i p e r  t o o l s  are  b e i n g  addressed f i r s t .  
P r o t o t y p e  ' t empera tu re  t o o l s  c a p a b l e  o f  s u s t a i n e d  o p e r a t i o n  a t  275OC 
have been f a b r i c a t e d  and s u c c e s s f u l l y  t es ted  i n  geo the rma l  w e l l s  i n  
t h e  Jemez Mountains and a t  Coso Hot S p r i n g s  s i t e  a t  t h e  China L a k e  
Naval A i r  S t a t i o n .  P r e l i m i n a r y  f i e l d  tes ts  of  t h e  p r o t o t y p e  f l o w  
and caliper t o o l s  and p r o b a b l y  t h e  p r e s s u r e  gauge shou ld  be conducted 
by l a t e  summer 1978. 

Two f i e id  tests p r e v i o u s l y  mentioned have been *conducted  t o  
t h e  p r o t o t y p e  t e m p e r a t u r e  t o o l  deve loped  by Sand ia  and Gearha r t -  
Owens, Inc .  F i g u r e  7 p r e s e n t s  t h e  d a t a  from t h e  t e s t  r u n  conducted  
i n  t h e  h o t  d r y  rock w e l l ,  GT-2, o f  t h e  Los Alamos S c i e n t i f i c  Labor- 
a t o r y  a t  t h e  Jemez Mountains,  NM. Data from t h e  Cos0 Geothermal  
W e l l ,  CGEH-1, i n d i c a t e d  t h e  maximum b o r e h o l e  temperature of 1 8 9 O C  
a t  834  m. Performance of t h e  t e m p e r a t u r e  i n s t r u m e n t  i n  b o t h  tests 
was c o n s i d e r e d  e x c e l l e n t .  Subsequent  tests w i l l  be conducted  t o  
assess r e l i a b i l i t y  and a c c u r a c y  o f  t h e  s e n s o r  a t  t e m p e r a t u r e s  up  
t o  275OC. A s  p r o t o t y p e s  o f  t h e  o t h e r  s e n s o r s  p r e v i o u s l y  described 
become a v a i l a b l e ,  t h e y  too  w i l l  be s u b j e c t  t o  f i e l d  t e s t s .  

Based on t h e  p r i o r i t y  o f  needs  l i s t e d  i n  Table 3 t h e  temper- 

OER DRILLING STUDIES 

DBES Magma Energy Research Program 

For t h e  D i v i s i o n  of Basic Ene y S c i e n c e s  (DBES)  o f  t h e  Office o f  
Energy Research, Sand ia  L a b o r a t o r i e s  is p a r t i c i p a t i n g  i n  two p r o j e c t s  
which have a s s o c i a t e d  w i t h  them r e s e a r c h  and development  i n  d r i l l i n g  
and h i g h  t e m p e r a t u r e  i n s t r u m e n s t t i o n .  
Magma Energy Research  Program. The second is t h e  proposed  DBES 
Magma/Hyg5othermal System a s s o c i a t e d  w i t h  t h e  C o n t i n e n t a l  D r i l l i n g  
Program. 

. T h e  S a n d i a  Magma Ene Research Project is a s s e s s i n g  t h e  
s c i e n t i f i c  f e a s i b i l i t y  of e x t r a c t i n g  e n e r g y  d i r e c t l y  from b u r i e d  
c i r c u l a t i n g  magma r e s o u r c e s .  One o f  t h e  t a sks  o f  t h e  p r o j e c t  is 
t h e  s t u d y  o f  g e o p h y s i c a l  measur ing  sys t ems  t o  loca te  and d e f i n e  
b u r i e d  mol t en  rock  b o d i e s .  A se es of  g e o p h y s i c a l  s e n s i n g  e x p e r i -  
ments  h a s  been conduct5g  a t  t h e  i lauea I k i  Lava L a k e  i n  t h e  Hawaiian 
Volcano N a t i o n a l  P a r k .  To v e r i f y  t h e  r e s u l t s  of t h e  mol ten  rock  
s e n s i n g  e x p e r i m e n t s  t h a t  have  been conduc ted ,  it w i l l  be n e c e s s a r y  
t o  d r i l l  i n t o  and th rough  t h e  l a v a  lake t o  o b t a i n  p h y s i c a l  conf i rma-  
t i o n  o f  b o t h  t h e  d imens ions  o f  t h e  l a v a  l ake  a s  w e l l  a s  i n  s i t u  
p h y s i c a l  p r o p e r t i e s  of  t h e  mol t en  rock .  

The f i r s t  of t h e s e  is t h e  
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I n  1976,  S a n d i a  L a b o r a t o r i e s ,  w i t h  t h e  p e r m i s s i o n  of  t h e  
N a t i o n a l  P a r k  S e r v i c e  and t h e  a s s i s t a n c e  of t h e  USGS Hawaiian 
Volcano O b s e r v a t o r y  ( H V O ) ,  a tzympted t o  d r i l l  two h o l e s  i n t o  and 
through t h e  mol t en  l a v a  lake.  Two methods of  p e n e t r a t i n g  through 
t h e  melt were c o n s i d e r e d .  They were: (1) d r i l l ,  u s i n g  a c o n v e n t i o n a l  
diamond c o r e  b i t  w i t h  water as t h e  d r i l l i n g  f l u i d ,  t o  t h e  so l id /mel t  
i n t e r f a c e  and l e t  t h e  d r i l l  s t r i n g  f a l l  o r  be pushed t o  t h e  
bot tom c r u s t  of t h e  mol t en  zone; and ( 2 )  d r i l l  w i t h  c o n v e n t i o n a l  
methods t o  t h e  s o l i d / m e l t  i n t e r f a c e ,  t h e n  a t t e m p t  t o  c h i l l  a 
s o l i d  zone below t h e  i n t e r f a c e  w i t h  t h e  d r i l l i n g  f l u i d  and d r i l l  
th rough t h i s  c h i l l e d  zone ( c h i l l  and d r i l l ) .  

Hole KI76-1 was i n i t i a t e d  on August 1 8 ,  1976. S o l i d /  
rrlelt i n t e r f a c e  was reached  a t  a d e p t h  o f  149.3 f ee t  and c o r e  
r e c o v e r y  was 99% of t h e  rock  d r i l l e d .  Upon e n c o u n t e r i n g  t h e  
mol ten  r o c k ,  t h e  d r i l l  s t r i n g  was pushed by t h e  d r i l l  r i g  feed 
c y l i n d e r s  a d i s t a n c e  o f  2.5 f e e t  i n t o  t h e  m e l t  where p r o g r e s s  
was s t o p p e d  by a n  unexpec ted  o b s t r u c t i o n .  A t  t h e  same t i m e  
t h e  d r i l l  s t r i n g  was f r o z e n  i n  t h e  m e l t  s o  t h a t  no movement 
r o t a t i o n a l  o r  v e r t i c a l  was possible,  Upon a c h i e v i n g  t e m p e r a t u r e  
e q u i l i b r i u m ,  ( 2 4  h o u r s  l a t e r )  t h e  d r i l l  s t r i n g  c o u l d  be r o t a t e d  
and r a i s e d  b u t  c o u l d  n o t  b e  pushed d e e p e r .  I t  was assumed t h a t  
no c u t t i n g  s u r f a c e s  were a v a i l a b l e  on t h e  b i t .  U s e  o f  a 300-pound 
hammer was u n s u c c e s s f u l  i n  a t t e m p t i n g  t o  punch th rough  t h e  s o l i d  
o b s t r u c t i o n .  The d r i l l  s t r i n g  was removed w i t h  t h e  r e s u l t s  a s  
i l l u s t r a t e d  i n  F i g u r e  8. 

down t o  t h e  s o l i d / m e l t  i n t e r f a c e  a s  t h a t  employed on t h e  f i r s t  
h o l e .  The s o l i d / m e l t  i n t e r f a c e  was reached a t  149.9 f ee t .  The 
c h i l l  and d r i l l  method was u n s u c c e s s f u l  because  a v a i l a b l e  p r e s s u r e  
f o r  water i n j e c t i o n  was less t h a n  t h e  h y d r o s t a t i c  p r e s s u r e  of 
t h e  l a v a  lake; hence  upon touch ing  t h e  mol ten  zone,  t h e  mol t en  
rock  f lowed i n t o  t h e  c o r e  b i t ,  s t o p p i n g  t h e  water f l o w  and a l l o w i n g  
t h e  m e l t  t o  s o l i d i f y  ( F i g u r e  8 ) .  Two attempts r e s u l t e d  i n  s u f f i c i e n t  
damage t o  t h e  d r i l l  b i t  t h a t  d r i l l h o l e  K176-2 was abandoned. 

Whi le  t h e  Sandia/HVO e x p e r i e n c e  i n  1976 d i d  n o t  a c h i e v e  
i t s  o b j e c t i v e  of  d r i l l i n g  th rough  t h e  mol t en  zone,  t h e  e x p e r i e n c e  
g a i n e d  d i d  d e f i n e  r e q u i r e m e n t s  f o r  a new approach  i n t o  d r i l l i n g  
a t  K i l a u e a  I k i .  

. Planned  f o r  t h e  f a l l  i n  1978 w i l l  b e  a new ser ies  o f  f i e l d  

,- The d r i l l i n g  of  KI76-2 used t h e  same sequence  and equipment  

d r i ' l l i n g  tests a t  Kilauea I k i .  Two a d d i t i o n a l  d r i l l i n g  c o n c e p t s  
w i l l  be employed. The f i r s t  w i l l  u s e  a d o u b l e  t u b e  i n s u l a t e d  
d r i l l  s t r i n g  w i t h  a n  uncooled  Mar-M 509 d r a g  b i t  ( F i g u r e  9 ) .  
The pu rpose  of a d o u b l e  t u b e  i u la ted  d r i l l  s t r i n g  is 
t h e  o u t e r  t u b e  t o  m a i n t a i n  t h e  e m p e r a t u r e  of t h e  l a v a  
minimiz ing  t h e  c h i l l i n g  o f  t h e  magma i n  which, it w i l l  come 
i n  c o n t a c t .  The i n n e r  t u b e  whose t e m p e r a t u r e  w i l l  n o t  exceed  
3 O O O C  w i l l  be used t o . t r a n s m i t  t h e  t o r q u e  t o  t h e  d r a g  b i t .  High 
pressure a i r  w i l l  be used t o  c o o l  t h e  i n n e r  t u b e  and clear t h e  
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c u t t i n g s  from t h e  b i t  when d r i l l i n g  i n  t h e  mol t en  zone. An i n s t r u -  
men ta t ion  s e c t i o n  w i l l  be  c o n t a i n e d  between t h e  d r a g  b i t  and 
t h e  d r i l l  stem t o  make  p h y s i c a l  measurements of t h e  magma w h i l e  

. t h e  d r i l l  stem is i n  t h e  l a v a  lake.  The second d r i l l i n g  approach  
t o  be t r i e d  is a m o d i f i c a t i o n  o f  t h e  c h i l l  and d r i l l  method i n  
which s u f f i c i e n t  q u a n t i t i e s  o f  water w i l l  be i n j e c t e d  th rough  a modi- 
f i e d  d r a g  b i t  t o  foam and c h i l l  t h e  magma i n t o  a small p o r o u s  
s o l i d  volume. Th.e d r a g  b i t  w i l l  t h e n  be used t o  d r i l l  t h rough  
t h i s  s o l i d  material. The c h i l l i n g ,  foaming and d r i l l i n g  sequence  
w i l l  t h e n  be r e p e a t e d  u n t i l  t h e  bot tom of t h e  l a v a  l ake  is reached. 

DBES Magma/Hydrothermal System C o n t i n e n t a l  D r i l l i n q  Proqram 

Under d i s c u s s i o n  among s e v e r a l  federa l  a g e n c i e s  is t h e  
d e s i r a b i l i t y  of  c o n d u c t i n g  a C o n t i n e n t a l  D r i l l i n g  Program f o r  
s c i e n t i f i c  pu rposes .  Of  s p e c i f i c  i n t e r e s t  t o  DBES is t h e  s c i e n t i f i c  
knowledge t h a t  c o u l d  be o b t a i n e d  from a b o r e h o l e  d r i l l e d  th rough  
one or more a c t i v e  hydro thermal  sys t ems  and i n t o  o r  c l o s e  t o  
a magma body. The proposed  DBES Magma/Hydrothermal System p o r t i o n  
of  t h e  C o n t i n e n t a l  D r i l l i n g  Program is s t i l l  i n  i t s  f o r m a t i v e  
s t a g e s .  
been t h e  N a t i o n a l  Academy of S c i e n c e s ,  t h e  Los Alamos S c i e n t i f i c  
L a b o r a t o r i e s ,  t h e  Lawrence Livermore Labora to ry  and Sand ia  Labora- 
t o r i e s .  A summer workshop t o  d e f i n e  t h e  g e o s c i e n c e  i n t e r e s t  
i n  c o n t i n e n t a l  d r i l l i n g  f o r  s c i e n t i f i c  p u r p o s e s  was h e 1  . i n  J u l y  
under t h e  auspices of  t h e  N a t i o n a l  Academy o f  S c i e n c e s .  g8 

. A s s i s t i n g  DBES w i t h  i t s  d e f i n i t i o n  o f  t h i s  progr'am have 

Sand ia  L a b o r a t o r i e s  h a s  been a s s i g n e d  t h e  r e s p o n s i b i l i t y  
o f  s t u d y i n g  t h e  d r i l l i n g  and i n s t r u m e n t a t i o n  r e s e a r c h  and 
development  needs  n e c e s s a r y  t o  a t t a i n  t h e  o b j e c t i v e s  o f  t h e  
DBES Magma/Hydrothermal p o r t i o n  of t h e  C o n t i n e n t a l  D r i l l i n g  
Program. To assist i n  t h i s  d e f i n i t i o n ,  a Magma/Hydrothermal 
D r i l l i n g  and I n s t r u m e n t a t i o n  Workshop sponsored  by San 
L a b o r a t o r i e s  was h e l d  t h i s  p a s t  summer i n  Albuquerque. 
Advisory  P a n e l  t o  t h i s  workshop is shown i n  Table 4 .  The 
major t h r u s t  of t h e  R&D a c t i v i t y  i d e n t i f i e d  by t h i s  workshop 
w i l l  be t o  d e v e l o p  t h e  t echno logy  required t o  d r i l l  i n t o  a n  a c t i v e  
magma body a t  p r o b a b l e  d e p t h s  on t h e  o r d e r  of 5 t o  1 0  km. The 
f u t u r e  o f  t h i s  a c t i v i t y  is n o t  c l ea r ,  b u t  c e r t a i n l y  i n  FYI79 
t h e  emphas is  w i l l  be on e s t a b l i s h i n g  a program p l a n  f o r  t h e  deve l -  
opment of  t h e  needed t echno logy  and h o p e f u l l y  t o  i n i t i a t e ,  a t  
l e a s t  a t  a low l e v e l ,  resear i n t o  t h e  h i g h  p r i o r i t y  i t e m s  i d e n t i -  
f i e d  by t h a t  workshop. 

The 

SUMMARY 

T h i s  r ev iew of t h  d r i l l i n g  a c t i v i t i e s  a t  S a n d i a  L a b o r a t o r i e s  
was i n t e n d e d  t o  p r o v i d e  a picture  of  t h e  b r e a d t h  of s t u d i e s  underway. 
S p e c i f i c  d e t a i l s  c a n  be o b t a i n e d  from t h e  numerous r e f e r e n c e s  quo ted  
i n  t h i s  paper.. 
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I t  has been a basic p h i l o s o p h y  w i t h i n  t h e  S a n d i a  Program t o  e s t a b l i s h  
c o l l a b o r a t i v e  o r  j o i n t  programs w i t h  p r i v a t e  i n d u s t r y  i n  a s  many o-f 
o u r  R & D  a c t i v i t i e s  a s  p o s s i b l e .  T h e r e  are  two r e a s o n s  f o r  t h i s :  
f i r s t ,  t h a t  a s s o c i a t i o n  c l e a r l y  b e n e f i t s  Sand ia  i n  a l l o w i n g  u s  t o  
s h a r e  i n  t h e  e x p e r t i s e  t h a t  e x i s t s  i n  i n d u s t r y  which combined w i t h  
o u r  c a p a b i l i t i e s  c a n  h o p e f u l l y  lead t o  improvements i n  t h e  s ta te -  
o f - t h e - a r t  and s e c o n d l y ,  if s u c c e s s f u l  deve lopments  do  o c c u r ,  t h i s  
j o i n t  r e l a t i o n s h i p  s h o u l d  a i d  t h e  t r a n s f e r  of  t h e  newly deve loped  
t echno logy  more e f f e c t i v e l y  i n t o  t h e  p r i v a t e  s e c t o r  f o r  commercial  
use .  A d d i t i o n a l l y ,  it is a p p r o p r i a t e  t o  emphasize t h e  c l o s e  r e l a t i o n -  
s h i p  w e  m a i n t a i n  w i t h  t h e  B a r t l e s v i l l e  Energy Research Cen te r  which 
p l a y s  a major r o l e  i n  t h e  t e c h n i c a l  management o f  many of  t h e  DOE/ 

. F o s s i l  Energy c o n t r a c t s  i n  d r i l l i n g  R&D. 

From a s t a n d p o i n t  of accomplishments ,  I t h i n k  Sandia h a s  p l a y e d  
a lead r o l e  i n  d e m o n s t r a t i n g  t h a t  u t i l i z a t i o n  of StratapaxR may pro-  

\ v i d e  a s i g n i f i c a n t  advance  i n  d r i l l  b i t  t echnology.  W e  have s u  
f u l l y  a p p l i e d  S t r a t a p a x  i n  c o r e  b i t s  w i t h  s i g n i f i c a n t  r e su l t s .  

w i t h  s i g n i f i c a n t l y  improved d r i l l i n g  ra tes .  Sf 
c h a i n  d r i l l  h a s  t h e  p o t e n t i a l  o f  p r o v i d i n g  s i g n i f i c a n t  c o s t  b e n e f i t s  
t o  t h e  i n d u s t r y . ,  A d d i t i o n a l l y ,  t h e  c u t t i n g  s tucture  d e s i g n  o f  t h i s  
r e v o l u t i o n a r y  d r i l l  h a s  f e a t u r e R  t h a t  c o u l d  improve c o n v e n t i o n a l  
diamond b i t s ;  namely, Stratapax i n  t h e  nose  area o f  t h e  b i t  c o u l d  
a l l o w  b u l l e t  nose  diamond b i t s  t o  be d e s i g n e d ;  t h e  u s e  o f  modular 
h y d r a u l i c s  s h o u l d  p r o v i d e  improvements i n  c l e a n i n g ,  and c o o l i n g ;  
and t h e  u s e  of t h e  minimum diamond s e t  p a t t e r n  w i l l  a l l o w  i n c r e a s e d  
d r i l l i n g  r a t e s  and uni form wear ra tes .  I n  t h e  area of l o g g i n g  in s$ ru -  
m e n t a t i o n ,  t h e  development  of s e n s o r s  c a p a b l e  o f  o p e r a t i n g  a t  275 C 
w i l l  f i n d  a p p l i c a t i o n s ,  n o t  o n l y  i n  t h e  geo the rma l  i n d u s t r y ,  b u t  
a l s o  i n  t h e  h o t  and c o r r o s i v e  env i ronmen t s  a s s o c i a t e d  w i t h  d e e p  
o i l  and g a s  wells. I n  f a c t ,  t r a n s f e r  of t h e  m i c r o - e l e c t r o n i c s  
t echno logy  a s s o c i a t e d  w i t h  t h e g 5  h i g h  t e m p e r a t u r e  s e n s o r s  is a l r e a d y  
under  way t o  p r i v a t e  i n d u s t r y .  

5sess- 
We have a p p l i e d  S t r a t a p a x R  i n  a new f u l l - f a  d b i t  d e s i g n  a g a i n  - 

F i n a l l y ,  t h e  c o n t i n u o u s  

I hope t h a t  i n  t h e  y e a r s  ahead a d d i t i o n a l  t e c h n i c a l  accomplish-  
ments  w i l l  be  a t t a i n e d  and t h a t  t h e y  c a n  be r e p o r t e d  a t  s u b s e q u e n t  
mee t ings  sponsored  by t h e  D i s i o n  of O i l ,  G a s ,  Shale  and I n  S i t u  
Technology. 
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TABLE 1-A 
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Lof f l and  B r o t h e r s  Company 

J i m  Kingsolver  
Manager, Geothermal  O p e r a t i o n s  
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Los Alamos S c i e n t i f i c  Labora tory  

Rober t  J o r d a  
Complet ion Technology Company 
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TABLE l - B  

LOGGING PROGRAM STEERING COMMITTEE MEMBERS 
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TABLE 2 * 

Principal 
Subject Contractor Investigator Duration 

1. Geothermal Drill Bit Terra Tek S .  J. Green 5/75-con tinu ing 
) 

2. Water Jet Drill Univ. of Missouri-Rolla D. A. Summers 6/75-5/78 

3. Stratapax Drill Bit General Electric Co. L. A. Hibhs 6/75-5/79 

avitating Jet ydronautics, Inc. A. F. Kann 1/78-1/79 

t of Downhole Drilling S .  J. Green ?/76-continuinq 
I Motor Bearings and Seals 

6. Developme of High Teqxra , NL/l3aroid K.. Reed 4/78-3/80 F 
High Pressure Drilling Mud 
Research Instrumentation 

7. Improvements of Geothermal Maurer Engineering W. J. McDonald 7/77-6/78 

8. Temperature Limits of Drilling Univ. of Oklahoma J. D. Thuren 9/76-continuing 

9. State-of-the-Art Study of Foam Maurer Engineerinq W. J. McDonald 4/78-9/78 

Drilling Fluid Technology 

Fluids 

Drilling Fluids 

10. Wellbore Thermal Simulator Ener tech M. A. Goodman 6/78-7/79 

11. Cavitating Jet Descaling Daedalean A. A. Hochrein 2/76-3/78 



TABLE 3 

PROTOTYPE GEOTHERMAL LOGGING TOOLS 
(Up t o  275 C o p e r a t i o n )  

Tool Performance Goal 

Temper a t  u r e l .O°C accu racy ,  0.5OC r e s o l u t i o n  

Pressure 

F.1 ow 

c a l i p e r  
- 

Casing C o l l a r  
Loca tor  

0-7000 p s i ,  0 . 1  p s i  a c c u r a c y ,  

0-2000 gpm i n  d i p h a s i c  f low 

6 arm b o r e h o l e  geometry,  0.1 i n  

0.01 ps i  r e s o l u t i o n  

accu racy  w i t h  f r a c t u r e  i n d i c a -  
t ion  

- 
Detect s t a n d a r d  c o l l a r s  

Format ion  To be de termined  

Fracture Mapping To be determined 

Casing & Cementing To be de termined  

Direct ional  Survey To be determined 

Sonde R e f r i g e r a t i o n  50 watts c o o l i n g  t o  125OC 

R e s  is t i v i t y  

I n s p e c t i o n  

f o r  a t  l e a s t  100 h o u r s  



. 

TABLE 4 

DBES CONTINENTAL DRILLING PROGRAM 
HYDROTHERMAL/MAGMA DRILLING AND INSTRUMENTATION STEERING COMMITTEE 

., 

Don Brown 
Los Alamos S c i e n t i f i c  Labora to ry  

Jack Burgen 
V i c e - p r e s i d e n t ,  Wire l ine  
G.O.I .  Computer Center 

D r .  Rober t  Chr i s t i a n s e n  
U. S .  G e o l o g i c a l  Survey 

Lyman Edwards 
T e c h n i c a l  C o n s u l t a n t  
Dresser I n d u s t r i e s ,  Inc.  

D r .  Roger S t a e h l e  
M e t a l l u r g i c a l  Eng inee r ing  
Ohio S t a t e  U n i v e r s i t y  

B i l l  Wi lson  
Systems Manager 
Dresser A t l a s  Research  & Enginee r ing  

D r ,  Me1 Friedman 
Center f o r  Tec tonophys ics  
T e x a s  A&M U n i v e r s i t y  

T. M. Ger lach  
Sand ia  L a b o r a t o r i e s  

Conway C. Grayson 
Department of  Energy 
Nevada Operations O f f i c e  

D r .  Hugh C. Heard 
Lawrence Livermore Labora to ry  

W. J. H o l b e r t  
D i v i s i o n  Manager 
Rowan D r i l l i n g  - U.S.  

P r o f .  A. J. Horn 
Pe t ro leum E n g i n e e r i n g  Department  
S t a n f o r d  U n i v e r s i t y  

D r .  W. E.  Kenyon 
Schlumberger-Doll  Researc 

D r .  A r t  Lachenbruch 
U. S .  G e o l o g i c a l  Su rv  

D r .  B. J. L ivesay  
Livesay C o n s u l t a n t s  

D r .  W. C. Maurer 
Maurer Eng inee r ing ,  Inc.  

\ 
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