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GEOFRAC---AN EXPLOSIVES STIMULATION TECHNIQUE FOR A GEOTHERMAL WELL 

Douglas M. Humma, Phys ics  I n t e r n a t i o n a l  Company; Foy McCullough, Jr.,  and E c k a r t  w. 
Schmidt, Rocket Research Company; D. Stephen Pye, Wm. Chr i s tophe r  Al l en ,  and Delbert 
Pyle ,  Union O i l  Company; Robert  J. Hanold, Los Alamos Na t iona l  Labora tory  

ABSTRACT 

The f i r s t  known use of e x p l o s i v e s  f o r  
s t i m u l a t i n g  a geothermal w e l l  w a s  s u c c e s s f u l l y  
conducted i n  December 1981 wi th  a p rocess  c a l l e d  
GEOFRAC-. The 26OOC w e l l  was l o c a t e d  a t  t h e  
Union O i l  Company's Geysers F i e l d  i n  Northern 
C a l i f o r n i a .  For t h e  i n i t i a l  test, 364 kg of a 
new exp los ive  c a l l e d  HITEX- I1 w a s  p laced  a t  a 
depth  of 2256 meters and de tona ted  to v e r i f y  
techniques .  The exp los ive  was con ta ined  in an 
aluminum c a n i s t e r  to s e p a r a t e  it from t h e  well 
f l u i d s .  In  the '  second tes t ,  5000 kg of explo- 
s i v e  was used r e p r e s e n t i n g  a column l eng th  of 
approximate ly  191 meters. The exp los ive  w a s  
de tona ted  a t  a depth  of 1697 meters i n  t h e  same 
w e l l .  The r e s u l t s  of t h e s e  tests show t h a t  
HITEX- 11 can be s a f e l y  emplaced and s u c c e s s f u l -  
l y  de tona ted  i n  a h o t  geothermal  w e l l  w i thou t  
caus ing  damage t o  the w e l l  bore or cas ing .  

INTRODUCTION 

us ing  exp los ivep  to s t i m u l a t e  a geothermal 
wel l  has  long  been cons ide red  an  a t t r a c t i v e  
method by many r e s e a r c h e r s  to enhance product ion  
(Ref. 1-3) .  However, no known f i e l d  demonstra- 
t i o n s  have been c a r r i e d  o u t  p r i o r  to t h i s  t i m e  
because of t he  h igh  c o s t  and l i m i t e d  a v a i l a b i l -  
i t y  of h e a t  res is tant  exp los ives .  This paper 
d e s c r i b e s  a p rocess  c a l l e d  GEOFRAC- i n  which a 
new, low-cost h e a t - r e s i s t a n t  exp los ive  c a l l e d  
HITEX- 11 was used i n  a f i e l d  demonst ra t ion  to  
show t h a t  it could  be s a f e l y  emplaced and de to-  
nated i n  a geothermal w e l l .  

HITEX 11- 

Rocket Research Company r e c e n t l y  developed 
a new h e a t - r e s i s t a n t  exp los ive  c a l l e d  HITEX- 11* 
f o r  use i n  geothermal w e l l  s t i m u l a t i o n  (Ref. 4 ) .  
This exp los ive  c o n s i s t s  of a mixture of sodium 
n i t r a t e ,  potassium n i t r a t e ,  and calcium n i t r a t e  
a s  o x i d i z e r s  wi th  guanidinium n i t r a t e  as t h e  
f u e l .  when compounded a s  s o l i d  g r a i n s ,  it has  
an of f -whi te  c o l o r  and cannot  be de tona ted  a t  
room tempera ture .  It  melts a t  a tempera ture  

nea r  185OC and becomes an  a lmos t  c o l o r l e s s  
l i q u i d  t h a t  can be de tona ted .  E'urther h e a t i n g  
t o  26OOC shows no occur rence  of i n c i p i e n t  
exotherms. Weight l o s s  f o r  a 24-hour pe r iod  a t  
26OOC w a s  less than  12 .  The d e t o n a t i o n  v e l o c i t y  
a t  this tempera ture  was measured a s  6394 m / s .  
The p r o p e r t i e s  of HITEX- 11 are summarized i n  
Table 1 .  

Table 1. Physical and chemical characteristics of HITEX 11. 

Composition 
C a l b l u n  Nitrate 
~ o t a i a l m  N i t r a t e  
Sodium N l t r a t e  

Denslty 
S o l i d  G r a l n  121'Cl 1 . 6 3  q / C d  
L l q u l d  11RS' t o  2nS'CI 1 . 5 3  q/cm' 
L l q u l d  1 2 3 2 '  to 26.F.C) 1 . 5 0  q/cm) (contains b u h h l e s l  

nr 1 t I nq IWmpPraturr: 

C o l o r  
S O l l d  1 2 1 . C )  
Liquid I 76n.ci 

m t o n a t i o n  Velocity 

- 1 7 1 . C  1 3 < 0 * F I  

b!hlte 
C l e a r  

6 3 4 0  m/s (measuredl 
6 4 5 9  m/a (calculated) 

H e a t  of  Explosion -2R44 J/q 

m e r q y  Pelrase P 6 4  Jlrwl q.. 

C r l t l c a l  Flameter for Suatalned > 6.35 cm. < 1 4 . 9 2  cm 
netonarlon In  an Alumlnum P l p e  

GEOFRAC~ TECHNIQUE 

GEOFRAC- invo lves  t h e  p rocess  of loading  
s o l i d  c y l i n d r i c a l  g r a i n s  of HITEX- I1 exp los ive  
i n t o  a c o n t a i n e r  and emplacing t h e  c o n t a i n e r  i n  
a geothermal  w e l l  w i th  a d e t o n a t o r  package; t h e  
HITEX- I1 melts when hea ted  by t h e  h o t  w e l l  
temperature and can  then  be de tona ted  to create 
a d d i t i o n a l  f r a c t u r e s  around t h e  w e l l  bore. This  
e x p l o s i v e  s t i m u l a t i o n  concep t  was eva lua ted  i n  a 
d r y  steam w e l l  provided by Union O i l  Company a t  
t h e i r  Geysers F i e l d  i n  Northern C a l i f o r n i a .  Two 
tests were planned. -test was de- 
s igned  to use a sma l l  amount of exp los ive  a t  t h e  
bottom of t h e  well t o  v e r i f y  t h e  o p e r a t i o n a l  
t echn iques  p r i o r  t o  conduct ing  a f u l l  s t imu la -  
t i o n  test i n  a h ighe r  s e c t i o n  of t h e  w e l l  wi th  a 
l a r g e  amount of e x p l o s i v e .  The two conf igu ra -  
t i o n s  t e s t e d  a r e  desc r ibed  below. 
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I .  

INITIAL TEST 

For t h e  i n i t i a l  test, 367 kg of  e x p l o s i v e  
w a s  p laced  i n  s e c t i o n s  of aluminum p i p e  j o i n e d  
with steel coupl ings  coa ted  with Teflon-. This  
c a n i s t e r  w a s  then  lowered i n t o  t h e  w e l l  on 
X-line c a s i n g  and a d e t o n a t o r  package p laced  on 
t o p  of t h e  e x p l o s i v e  by w i r e l i n e .  A f t e r  s e a l i n g  
t h e  c a n i s t e r  with a br idge  p lug ,  the c a s i n g  was 
r e t r i e v e d  by d i s c o n n e c t i n g  it from the c a n i s t e r  
a t  a r e l e a s i n g  tool j o i n t .  

To ensure  t h a t  t h e  e x p l o s i v e  d i d  n o t  m e l t  
d u r i n g  emplacement, t h e  steam product ion  w a s  
c u r t a i l e d  by i n j e c t i n g  water  i n t o  t h e  w e l l ,  thus  
lowering t h e  tempera ture  of  t h e  w e l l  below t h e  
melt temperature  of HITEX'" 11. When a l l  equip-  
ment w a s  s a f e l y  secured ,  t h e  water f low w a s  
turned o f f ,  t h e  w e l l  was p r e s s u r i z e d  wi th  a i r  to 
d r i v e  t h e  water i n t o  t h e  sur rounding  format ion ,  
and t h e  w e l l  was al lowed t o  produce steam, t h u s  
h e a t i n g  t h e  HITEX- I1 t o  l i q u i d  form. T h i s  
sequence of o p e r a t i o n s  f o r  this tes t  is  shown i n  
F igure  1.  

...~ - .- . I-.. W l l r  LI"1 

Figure 1. GEOFRAC emplacement concept: detonating the 
top of the HITEX I1 explosive column. 

The s p e c i a l l y  des igned  d e t o n a t o r  package 
c o n s i s t e d  of a shaped charge  wi th  e l e c t r o n i c  
t iming and f i r i n g  c i r c u i t s .  These e lements  were 
p r o t e c t e d  from t h e  h o s t i l e  environment  of  t h e  
w e l l  by p l a c i n g  them i n s i d e  a p r o t e c t i v e  pres -  
s u r e  v e s s e l  with a thermal  s h i e l d .  These compo- 
n e n t s  a r e  i l l u s t r a t e d  i n  F igure  2. Buoyancy 
f l o a t s  were a t t a c h e d  to  t h e  d e t o n a t o r  package so 
it would remain a t  t h e  top of  the l i q u i d  explo-  
s i v e  column a f t e r  melt occur red .  The w e l l  and 
c a n i s t e r  c o n f i g u r a t i o n  a f t e r  emplacement are 
shown i n  F igure  3. The e x p l o s i v e s  were success-  
f u l l y  de tona ted  a t  t h e  p r e s e t  t i m e  of 48 hours  
a f t e r  emplacement. 

Cleaning o u t  the w e l l  proved to be extreme- 
l y  d i f f i c u l t .  A s h o r t  piece o f  X-line, t h e  
c a n i s t e r  l e n g t h s  above t h e  l i q u i d  e x p l o s i v e  
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Figure 2. Photograph of the detonator-system components. 
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Figure 3. Configuration of the canister emplaced in the 
LF-30 well for the initial test. (Fired on 
December 4,1981 a t  3 : O O  a.m.). 

l e v e l ,  and t h e  remains of  t h e  d e t o n a t o r / f l o a t  
package w e r e  lodged a t  v a r i o u s  l o c a t i o n s  i n  the 
w e l l .  A s o l i d  d e b r i s  p l u g  was l o c a t e d  a t  a 
d e p t h  of  1698 meters; consequent ly ,  f u r t h e r  
c l e a n o u t  o f  t h e  w e l l  w a s  d i s c o n t i n u e d .  This 
p l u g  u n f o r t u n a t e l y  s h u t  o f f  t h e  lower t w o  steam 
e n t r i e s  i n  t h e  w e l l .  

STIMULATION TEST 

To p r e v e n t  a similar problem o f  w e l l  
p lugging  d u r i n g  t h e  SO00 kg s t i m u l a t i o n  tes t ,  an  
a l t e r n a t e  emplacement c o n f i g u r a t i o n  w a s  se- 
l e c t e d .  In t h i s  c o n f i g u r a t i o n ,  t h e  d e t o n a t o r  
package was p laced  a t  t h e  bottom of t h e  
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c a n i s t e r ,  e l i m i n a t i n g  t h e  need f o r  t h e  f l o a t s  
and void space f o r  t h e  d e t o n a t o r  package. A 
l e f t -hand  s a f e t y  j o i n t  w a s  s e l e c t e d  as a 
s u b s t i t u t e  method f o r  improving t h e  c a n i s t e r  
d i sconnec t .  The main o p e r a t i o n a l  d i f f e r e n c e  
u s i n g  t h i s  technique was t h a t  t h e  d e t o n a t o r  
package was p laced  close t o  t h e  bottom of  t h e  
e x p l o s i v e  column, t h e  t o p  of  t h e  c a n i s t e r  was 
s e a l e d  a t  t h e  w e l l  head, thus  e l i m i n a t i n g  t h e  
need f o r  a br idge  p lug ,  and t h e  c a n i s t e r  could  
be lowered i n t o  t h e  h o l e  i n  a s h o r t e r  time on 
d r i l l  pipe. The c o n f i g u r a t i o n  of t h e  w e l l  and 
c a n i s t e r  f o r  t h i s  test is shown i n  F igure  4. 
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Figure4. Configuration of the canister emplaced in the 
LF-30 well for the simulation test. (Fired at 
9:45 p.m. on December 14,1981). - 

NO o p e r a t i o n a l  problems w e r e  encountered  
d u r i n g  t h e  emplacement of  t h e  e x p l o s i v e s .  The 
t o t a l  column l e n g t h  o f  e x p l o s i v e s  w a s  
168 meters. The d e t o n a t o r  system caused  t h e  
e x p l o s i v e s  t o  d e t o n a t e  a g a i n  on schedule  48 
hours  a f t e r  emplacement. The w e l l  vented rocks  
and small p i e c e s  of metal f o r  a s h o r t  t i m e  a f t e r  
t h e  d e t o n a t i o n .  W e l l  c leanup proved to be q u i t e  
minimal and, i n  f a c t ,  the s o l i d  d e b r i s  p lug  on 
which t h e  c a n i s t e r  assembly w a s  p l a c e d  w a s  
d r i v e n  202 meters deeper  i n  the w e l l ,  where 
a g a i n  it became s o l i d l y  lodged. Complete c l e a n -  
o u t  of  t h e  w e l l  b e l o w  this p o i n t  w a s  n o t  
a t tempted .  

PRODUCTION TEST RESULTS 

Product ion  test r e s u l t s  from the w e l l  p r i o r  
t o ,  between, and a f t e r  t h e  t w o  e x p l o s i v e  tests 
a r e  shown i n  Figure 5. The d a t a  show tha t  t h e  
steam product ion  decreased  from about  
22,200 kg/hr  before  t h e  tests t o  1 4 , 1 0 0  kg/hr  
a f t e r w a r d s .  This  d e c r e a s e  is probably a r e s u l t  
of the d e b r i s  p lug  t h a t  formed a f t e r  the  i n i t i a l  

N0.1 ! *  No 

Figure 5. Production data (LF-30). 
t e s t ,  e f f e c t i v e l y  s e a l i n g  o f f  t h e  lower t w o  
steam e n t r i e s .  Although t h e  measured s k i n  
f a c t o r  showed improvement from a -0.6 to -2.4, 
w e  s u s p e c t  it w a s  also caused by the loss of  t h e  
lower s e c t i o n  of  t h e  w e l l  by t h e  d e b r i s  p lug .  
There does n o t  however appear  t o  have been any 
damage to t h e  w e l l  bore caused by t h e  c r e a t i o n  
of  a r e s i d u a l  "stress cage,"  compaction of the 
format ion ,  or damage to  w e l l  c a s i n g .  

CONCLUSIONS 

I t  w a s  demonst ra ted  that  the unique proper -  
t i es  of  HITEX" 11 can be used i n  t h e  e x p l o s i v e s  
s t i m u l a t i o n  of geothermal  w e l l s .  A shaped- 
charge  d e t o n a t o r  package w a s  developed t h a t  can  
s u r v i v e  tempera tures  of  26OOC and p r e s s u r e s  of  
1000 p s i  f o r  48 hours ,  and then  cause  molten 
HITEX- 11 to d e t o n a t e  a t  a p r e s e t  t i m e .  

A s u c c e s s f u l  technique  w a s  developed t o  
place t h e  e x p l o s i v e s  and d e t o n a t o r  package i n  a 
geothermal  w e l l  so t h a t  p e r s o n n e l  hazards  w e r e  
minimized d u r i n g  emplacement and w e l l  c l e a n u p  
a f t e r  d e t o n a t i o n  w a s  n o t  a b i g  problem. The 
pr imary  o b j e c t i v e  o f  deve loping  t h e  GEOFRAC" 
technique  was m e t ;  however, no improvement i n  
w e l l  p r o d u c t i v i t y  w a s  observed  o v e r  t h e  w e l l -  
bore i n t e r v a l  that  w a s  t r e a t e d .  A number of  
a d d i t i o n a l  w e l l s  w i l l  need to be t e s t e d  b e f o r e  
the f u l l  economic u t i l i t y  of the concept  can be 
developed and demonst ra ted .  
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