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ABSTRACT 

Research i n t o  t h e  s t i m u l a t i o n  o f  ho t  d r y  rock  
(HDR) systems i n  c r y s t a l l i n e  rock  has been 
underway i n  Cornwal l ,  England f o r  severa l  
years.  Two dev ia ted  w e l l s  were d r i l l e d  t o  a 
depth o f  2100 m i n  1981 w i t h  an i n t e r w e l l  
separa t ion  o f  300 m. These w e l l s  were connected 
by massive h y d r a u l i c  i n j e c t i o n s  us ing  water,  
b u t  t h e  i n t e r c o n n e c t i o n  was i n s u f f i c i e n t  t o  
pe rm i t  l ong  te rm c i r c u a t i o n  w i thou t  excessive 
water losses .  I n  1985 a t h i r d  we l l  was d r i l l e d  
t o  a depth o f  2600 m i n  a d i r e c t i o n  chosen f rom 
t h e  a n a l y s i s  o f  t h e  r e s e r v o i r  behaviour d u r i n g  
t h e  prev ious  c i r c u l a t i o n .  A massive s t i m u l a t i o n  
(200 l / s ,  75  bb l /m in )  o f  gel  was used t o  
connect t h e  w e l l s  and c i r c u l a t i o n  was r e -  
es tab l i shed  i n  August 1985. 

Reservo i r  model s have been devel oped f rom 
hydraul  i c  analyses, thermal behavi our, 
m ic rose ismic  mapping, t r a c e r  d i spe rs ion  and 
chemical mode l l ing .  

The system behaves 1 i ke an in te rconnected  
network o f  f l o w  paths  w i t h  a few dominant 
r o u t e s  a c t i n g  as f l o w  condu i t s .  The s to rage i s  
assoc ia ted  w i t h  pressure dependent j o i n t  
compliance, bu t  i t  i s  i s o l a t e d  f rom t h e  
dominant f 1 ow paths .  

No unique phys i ca l  model has y e t  been de r i ved  
b u t  t h e  va r ious  techn iques  have been used t o  
e s t a b l i s h  c o n s t r a i n t s  on t h e  geometry and 
na tu re  o f  t h e  heat t r a n s f e r  reg ions .  The 
exper iments a re  s t i l l  i n  progress.  

INTRODUCTION 

Research i n t o  t h e  f e a s i b i l i t y  o f  e x t r a c t i n  
geothermal energy by t h e  Hot Dry Rock (HDRY 
process i s  underway i n  severa l  count r ies ,  
Batche lo r  1984. The work i n  England has been 
descr ibed a t  two prev ious  Stan ford  Workshops 
(Batche lo r  1982, Pine 1983) and these papers 
desc r ibe  t h e  general  l o c a t i o n  and progress o f  
t h e  research  programme up t o  1983. The d e t a i l s  
a re  n o t  repeated here. 

The o b j e c t i v e  o f  t h e  work i n  t h e  UK i s  t o  
determine whether o r  n o t  i t  i s  f e a s i b l e  t o  
i n t e r l i n k  p a i r s  o f  boreholes by massive 
h y d r a u l i c  s t i m u l a t i o n  i n  a c r y s t a l l i n e  rock  
mass w i t h  a low i n t r i n s i c  p e r m e a b i l i t y  i n  o rde r  

t o  form a subterranean heat exchanger. The 
a r t i f i c i a l l y  enhanced f l o w  paths  must be 
assoc ia ted  w i t h  s u f f i c i e n t  heat t r a n s f e r  area 
and a low r e s i s t a n c e  t o  f l o w  t o  enable t h e  heat 
t o  be e x t r a c t e d  as a f i n a n c i a l l y  v i a b l e  
process . 
The c u r r e n t  experiments i n  t h e  UK have n o t  been 
d i r e c t e d  towards producing a p ro to type  working 
system; t h e  work has concent ra ted  on developing 
and understanding o f  t h e  fundamental rock  
mechanics processes assoc ia ted  w i t h  t h e  
s t i mu 1 a t  i on. 

BRIEF RESUME OF EXPERIMENTAL PROGRESS 

Two dev ia ted  w e l l s  were d r i l l e d  i n  1981 t o  a 
depth o f  2100 m; t h e  w e l l s  were a l i gned  i n  t h e  
same p lane w i t h  a v e r t i c a l  separa t ion  o f  300 m. 
Fundamental measurements o f  t h e  i n - s i t u  
c o n d i t i o n s  were made a t  t h e  end o f  d r i l l i n g .  
These inc luded:  

i The i n  s i t u  s t r e s s  f i e l d  and i t s  
v a r i a t i o n  w i t h  depth. 

j o i n t i n g .  

The pe t ro logy  o f  t h e  rock  f a b r i c .  

ii The o r i e n t a t i o n  o f  t h e  pre-ex i  s t i n g  

iii 

i v  The s t a t i c  and dynamic p r o p e r t i e s  of 

V The i n  s i t u  dynamic rock  p r o p e r t i e s .  

v i  

t h e  rock  f a b r i c .  

The und is tu rbed h y d r a u l i c  p r o p e r t i e s  o f  
t h e  rock  i n - s i t u .  

v i  i The equ i  1 i b r i  um temperature p r o f  i l e s  
f o r  t h e  w e l l s .  

These measurements enabled a conceptual model 
o f  t h e  und is tu rbed c o n d i t i o n s  t o  be developed. 

An ex tens i ve  mic rose ismic  mon i to r i ng  n e t  was 
es tab l i shed  (Batche lo r  e t  a1 1983) and a se r ies  
o f  s t i m u l a t i o n  and c i r c u l a t i o n  experiments took  
p lace  over a p e r i o d  o f  18 months f rom November 
1982. 

F i g u r e  1 shows an i s o m e t r i c  view o f  t h e  two 
w e l l s  and t h e  m ic rose ism ica l l y  a c t i v e  reg ion .  
It can be seen t h a t  t h e  a c t i v e  zone grew 
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Figure  1 - The f i r s t  two wel ls  wi th  t h e  
associated microseismicty 
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Figure  2 - A plan view o f  the t rack  o f  the 
t h i r d  we l l ,  RH15 

downwards and subsequent ana lys i s  showed t h a t  
t h i s  was due t o  t h e  severe ly  a n i s o t r o p i c  s t r e s s  
f i e l d  a t  t h e  s i t e  (Pine and Batche lo r  1984). 
Dur ing  t h e  c i r c u l a t i o n  t r i a l s  a t o t a l  o f  
300 000 m3 o f  water was i n j e c t e d  i n t o  t h e  
system and o n l y  100 000 m3 recovered. The 
'm iss ing '  200 000 m3 was consumed by t h e  
cont inuous growth o f  t h e  m i c r o s e i s m i c a l l y  
a c t i v e  s t r u c t u r e  which caused l a r g e  areas o f  
rock  t o  be exposed t o  moderate p ressure  and 
a l lowed d i f f u s i v e  losses  t o  take  p lace  on a 
s u b s t a n t i a l  sca le  desp i te  t h e  low i n i t i a l  
permeabi 1 i ty. 

The geometry o f  t h e  microseismic sensor network 
was n o t  designed t o  l o c a t e  microseismic events 
a t  s u b s t a n t i a l  depths below t h e  we l l s .  When t h e  
r e s u l t s  i n d i c a t e d  s i g n i f i c a n t  downward growth, 
suggest ions were made t h a t  t h e  s t r u c t u r e  was an 
a r t e f a c t  o f  t h e  sensor geometry (Anon 1984). 
Al though d e f i n i t e  f i e l d  evidence was a v a i l a b l e  
showing t h a t  t h e  b u l k  o f  t h e  events were 
o c c u r r i n g  below t h e  w e l l s  ( B a r i a  1985) t h e r e  
was no p roo f  t h a t  t h e  more permeable r e g i o n  had 
devel oped downwards. 

It was decided t o  d r i l l  a t h i r d  w e l l  t h a t  
penet ra ted  t h e  m ic rose ism ica l l y  a c t i v e  reg ion  
approximately 300 rn below t h e  base o f  t h e  
e a r l i e r  w e l l s  t o  exp lo re  t h i s  area. 

Th is  we1 1 had two o b j e c t i v e s :  

i To i n t e r s e c t  any permeable zone o f  
enhanced r e s i d u a l  pe rmeab i l i t y .  

ii To make a d i r e c t  measurement o f  t h e  
re1  a t i o n s h i p  between mic rose i  smic 
events  and s t imu la ted  f l o w  paths.  

THE THIRD WELL 

Cons t ra in t s  on t h e  su r face  l o c a t i o n  o f  t h e  
t h i r d  w e l l  meant t h a t  t h e  t r a j e c t o r y  had t o  be 
d r i l l e d  as p a r t  o f  a l ong  s p i r a l .  A p l a n  view 
i s  shown i n  F igu re  2 i n  r e l a t i o n  t o  t h e  two 
p rev ious  w e l l s .  The d r i l l i n g  and comple t ion  o f  
t h i s  we l l  i s  repo r ted  i n  CSM 1985. The we l l  was 
f i n i s h e d  i n  December 1984 and a n i t r o g e n  l i f t  
produc t ion  t e s t  was r u n  immediately.  
Simultaneous p roduc t i on  l ogg ing  took p lace  
d u r i n g  t h i s  t e s t  by runn ing  t h e  t o o l  through 
t h e  d r i l l p i p e  used f o r  t h e  gas i n j e c t i o n .  Th is  
enabled t h e  f l o w  zones t o  be i d e n t i f i e d  and 
c o r r e l a t e d  w i t h  t h e  mic rose ismic  c loud. 
F i g u r e  3 shows t h e  r e l a t i o n s h i p  o f  t h e  f l o w  
zones t o  t h e  microseismic a c t i v i t y  and i t  can 
be seen t h a t  t h e  o n l y  s e c t i o n  o f  t h e  we l l  t h a t  
produced f l u i d  was t h e  zone w i t h i n  t h e  envelope 
of t h e  m ic rose ism ic i t y .  

TESTING THE NEW WELL 

A f t e r  comple t ion  o f  t h e  w e l l ,  a s e r i e s  o f  low 
f l ow  r a t e  i n j e c t i o n  and produc t ion  experiments 
t o o k  p lace  t o  determine t h e  na tu re  o f  t h e  
Sn te rwe l l  connect ion.  The bases f o r  each o f  
these t e s t s  were s i m i l a r ;  one w e l l  was u,sed f o r  
p roduc t ion  o r  i n j e c t i o n  and t h e  o the r  w e l l  f o r  
observa t ion .  These t e s t s  were model l e d  by 
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Figure  3 - The f low zones i n  RH15 , w i t h  the 
o r i g i n a l  mi crosei smi c i  ty  

superposing two l i n e  source models i n  a 
u n i f o r m l y  permeable reg ion .  No boundaries were 
detected, F i g u r e  4 shows t h e  e x c e l l e n t  match 
achieved w i t h  such a model f o r  bo th  t h e  
i n j e c t i  on and obse rva t i on  we1 1 s . The de r i ved  
parameters were: 

A porous media model f i t t e d  t h e  da ta  c l o s e l y  
and i t  was p o s s i b l e  t o  d e r i v e  an impedance 
va lue  based on superpos i t ion ,  

(nomenclature a t  end) 

Th is  g i ves  t h e  impedance I i n  terms o f  t h e  kh/p 
and s k i n  va lues  a t  t h e  we l ls ;  e x c e l l e n t  
agreement w i t h  t h e  measured values was 
obtained. 

4.0 1 KEY l ~ . .  FIELD INTF 
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ELAPSED TIME (SEC) 

F igure  4 - F i e l d  and model resu l ts  from an 
i n j e c t i o n  in ter fe rence  t e s t  

A t  t h e  end o f  these t e s t s  i t  was concluded t h a t  
t h e  r e s i d u a l  p e r m e a b i l i t y  between t h e  w e l l s  had 
been enhanced by t h e  prev ious  massive i n j e c t i o n  
o f  water bu t  t h e  r e s i d u a l  aper tu res  were 
i n s u f f i c i e n t  t o  a l l ow  c i r c u l a t i o n  t o  take  p lace  
w i thou t  f u r t h e r  s t imu l  a t i o n .  

The design and execut ion  o f  t h e  s t i m u l a t i o n  i s  
o u t s i d e  t h e  scope o f  t h i s  paper and w i l l  be 
repo r ted  i n  d e t a i l  elsewhere. I t  cons is ted  o f  
an i n j e c t i o n  o f  5500 m3 (1.2 m i l l i o n  g a l l s )  o f  
gel  i n j e c t e d  a t  f l o w  r a t e s  o f  over 200 l / s  
(75 bb l /m in )  and reach ing  a maximum a t  264 l / s  
(98 bb l /m in ) .  Th i s  was t h e  l a r g e s t  gel  s t im-  
u l a t i o n  undertaken i n  Europe and was r u n  on 
4 J u l y  1985. On- l ine  mon i to r i ng  o f  t h e  
s e i s m i c i t y  was ab le  t o  t r a c k  t h e  l o c a t i o n  of 
t h e  induced events  caused by t h e  s t i m u l a t i o n  
d u r i n g  t h e  e i g h t  hours o f  i n j e c t i o n .  F igu re  5 
shows a view of t h e  s e i s m i c i t y  i n  r e l a t i o n  t o  
t h e  t h r e e  w e l l s .  It can be seen t h a t  t h e  a c t i v e  
r e g i o n  i s  conta ined w i t h i n  t h e  i n t e r w e l l  zone. 
No f u r t h e r  s e i s m i c i t y  has taken p lace  s ince  
t h a t  st imu 1 a t i  on. 

THE CIRCULATION TESTS (To 14 December 1985) 

F i g u r e  6 shows t h e  i n j e c t i o n  f l o w  and co r res -  
pondi ng we1 1 head pressure s ince  7 August 1985. 
There have been t h r e e  f l o w  r a t e s  sustained f o r  
approx imate ly  50 days each. Dur ing  t h e  second 
f l o w  r a t e  p e r i o d  a s e r i e s  o f  s tep  pu lses  
l a s t i n g  one day can be seen i n  t h e  c e n t r e  of 
t h e  f i g u r e .  The corresponding p l o t  o f  i n j e c t i o n  
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F i g u r e  5 - The induced m i c r o s e i s m i c i t y  during 
t h e  massive s t i m u l a t i o n  w i t h  g e l  
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F i g u r e  6 - The i n j e c t i o n  f l o w  and pressure  
s ince  August 1985 

we1 lhead pressure versus produc t ion  f l o w  shows 
t h a t  t h e  impedance i n  t h e  system has been 
l a r g e l y  cons tan t  throughout t h a t  t ime, 
F igu re  7. I n  add i t i on ,  t h e  water l o s s  r a t e  has 
been found t o  be reasonably steady, 1.3 l / s .  
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F i g u r e  7 - I n j e c t i o n  pressure  v produc t ion  
f 1 ow s i n c e  August 1985 

HYDRAULIC MODELLING 

The successful  h y d r a u l i c  model l i n g  o f  t h e  e a r l y  
da ta  cou ld  n o t  be cont inued a f t e r  t h e  f r a c t u r -  
i n g  opera t ion .  I n d i v i d u a l  sec t i ons  o f  da ta  
c o u l d  be matched t o  porous media models, bu t  no 
composi te s o l u t i o n  cou ld  be found. Var ious 
f i n i t e  d i f f e r e n c e s  and FRIP, see Pine e t  a1 
1985, models were r u n  and none was ab le  t o  ge t  
a match w i thou t  i n v o k i n g  channeled f l o w  and 
va r ious  cons t ra ined  boundary cond i t i ons .  

A f i n i t e  d i f f e r e n c e  model w i t h  t h e  source and 
s i n k  i n  a h igh  p e r m e a b i l i t y  zone surrounded by 
a g rada t iona l  change t o  low p e r m e a b i l i t y  was 
a b l e  t o  ge t  a reasonable match t o  some o f  t h e  
behaviour,  bu t  t h e r e  were d isc repanc ies  d u r i n g  
s tep  changes o f  e i t h e r  pressure o r  f l o w .  

It was decided t o  at tempt a s imple res i s tance  
analogue model t o  i d e n t i f y  t h e  e s s e n t i a l  
components o f  any phys i ca l  model. The one t h a t  
seemed t o  f i t  t h e  data most accu ra te l y  i s  shown 
i n  F i g u r e  8, Lawton 1985. The e s s e n t i a l  f e a t u r e  
o f  t h i s  model i s  t h a t  t h e  f l o w  path  i s  
assoc ia ted  w i t h  a very  small  storage te rm and 
t h e  m a j o r i t y  o f  t h e  s to rage i s  i s o l a t e d  by 
res is tances .  I n  add i t i on ,  t h e r e  i s  a res i s tance  
between t h e  heat exchange area and t h e  
p roduc t i on  we1 1, approximately 20-30% o f  t h e  
t o t a l  r e s i s t a n c e  t o  f l ow .  There i s  no 
s i g n i f i c a n t  s to rage a f t e r  t h e  o u t l e t  r e s i s t -  
ance. This means t h a t  when t h e  produc t ion  we l l  
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F i g u r e  8 - E l e c t r i c a l  analogue c i r cu i t  t o  match 

i s  s h u t - i n  t h e r e  i s  a r a p i d  r i s e  i n  pressure i n  
t h e  f i r s t  few seconds. Th is  model was a b l e  t o  
match t h e  e n t i r e  f l o w  h i s t o r y  o f  t h e  
c i r c u l a t i o n  s ince  s t i m u l a t i o n  w i t h  reasonable 
accuracy. The work i s  now underway t o  t r a n s l a t e  
t h e  elements i n t o  t h e  phys i ca l  r e a l i t y  o f  t h e  
r e s e r v o i r .  

system performance 

The o v e r a l l  impedance i s  approximately 
1 MPa/l/s; l e s s  than  one t h i r d  o f  t h e  va lue  
b e f o r e  t h e  s t i m u l a t i o n .  Th is  value has n o t  
changed th roughout  t h e  c i r c u l a t i o n  and i s  s t i l l  
t o o  h i g h  f o r  an economical ly v i a b l e  opera t ion .  

TRACER TESTS 

A t r a c e r  t e s t  has been r u n  a f t e r  each f l o w  r a t e  
change. Dur ing  t h e  nominal 10 l / s  i n j e c t i o n ,  
one non- reac t i ve  t r a c e r  t e s t  was run  i n  l a t e  
November f o l l o w e d  by a combinat ion o f  a 
non - reac t i ve  and r e a c t i v e  t r a c e r  experiment r u n  
f rom 9 December. The theo ry  and some o f  t h e  
r e s u l t s  f rom t h e  r e a c t i v e  t r a c e r  t e s t  a re  g iven 
i n  a n o t h e r  paper i n  t h i s  volume, Tester e t  a1 
1985. F i g u r e  9 shows t h e  superposed curves  from 
t h e  non- reac t i ve  t r a c e r  s tud ies .  It can be seen 
t h a t  t h e r e  i s  no e f f e c t  o f  t h e  changing f l o w  
r a t e  o r  pressure on t h e  concen t ra t i on  v 
produced volume r e l a t i o n s h i p ,  t he re fo re ,  i t  may 
be concluded t h a t  t h e  geometry o f  t h e  f l o w i n g  
regime i s  s i m i l a r  under a l l  t h r e e  f l o w  
cond i t i ons .  

The under l y ing  p r i n c i p l e  o f  t h e  r e a c t i v e  t r a c e r  
t e s t  i s  t h a t  t h e  t r a c e r  i s  a compound t h a t  
r e a c t s  a t  a c e r t a i n  temperature and pH 
c o n d i t i o n  i n  t h e  r e s e r v o i r  t o  fo rm conserva t i ve  
r e a c t i o n  produc ts .  The concen t ra t i on  o f  
o r i g i n a l  t r a c e r  and t h e  corresponding concen- 
t r a t i o n  o f  p roduc t  a re  measured i n  t h e  
produc t ion  f l o w  i n  o rde r  t o '  determine t h e  
downhole c o n d i t i o n s  r e l a t i n g  t o  t h a t  reac t i on .  
The experiment used E thy l  Acetate r e a c t i n g  w i t h  
water t o  fo rm Ace t i c  Ac id  and Ethanol  i n  t h e  
r e s e r v o i r .  F igu re  10 shows t h e  normal ised 
non- reac t i ve  t r a c e r  p lus  t h e  Ethanol  and E thy l  
Acetate p roduc t i on  curves over t h e  co r res -  
pondi ng produc t ion .  

PRODUCED VOLUME (m3) 

F i g u r e  9 - Tracer  d i s t r i b u t i o n s  during the f o u r  
tracer t e s t s  a t  v a r i o u s  f l o w  r a t e s  
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F i g u r e  10 - N o m l i s e d  t r a c e r  recovery  during 
r e a c t i v e  tracer t e s t  
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The p r e l  i m i  nary  conc lus ions  from t h i s  t e s t  a re  
t h a t  t h e  l onger  res idence f l o w  paths a re  l ess  
r e a c t i v e  than t h e  s h o r t  f l o w  paths.  Th is  i s  
c o n t r a r y  t o  an i n t u i t i v e  s o l u t i o n  based on 
porous media ana lys is .  It means t h a t  t h e  l onger  
f l o w  paths  a re  e i t h e r  coo le r ,  o r  have a lower 
pH, than  t h e  p r i n c i p a l  p roduc t ion  f l o w  path .  
One model t h a t  would f i t  t h i s  observa t ion  i s  
t h a t  t h e r e  i s  a system o f  dominant f l o w  paths  
t h a t  penet ra te  rock  a t  a h igher  temperature 
than  t h e  average produc t ion .  I n j e c t i o n  f l ows  
c i r c u l a t e  below t h e  produc t ion  we l l  and then 
coo l  as they  r i s e  t o  t h e  we l lbore .  These a re  
coupled w i t h  some f l o w  paths t h a t  s tay  up a t  
t h e  t o p  o f  t h e  s t r u c t u r e  i n  a r e g i o n  coo led  
con t inuous ly  by t h e  i n j e c t i o n s  and f i n d  t h e i r  
way i n t o  t h e  p roduc t i on  w e l l  w i thou t  warming 
s i g n i f i c a n t l y .  

The h y d r a u l i c  mode l l i ng  i n d i c a t e s  t h a t  i t  i s  
necessary t o  decouple t h e  ' s t o r a g e '  f rom t h e  
f l o w  system i n  o rder  t o  match t h e  data; these 
t r a c e r  r e s u l t s  may imp ly  t h a t  t h e  bu lk  o f  t h e  
s to red  f l u i d  i s  c o o l e r  than t h e  e q u i l i b r i u m  
temperatures i n  t h e  s to rage reg ion .  

It w i l l  be impor tan t  t o  repeat  t h e  r e a c t i v e  
t r a c e r  experiment du r ing  t h e  con t inu ing  
c i r c u l a t i o n  t o  t r y  and understand whether o r  
n o t  t h e  average r e s e r v o i r  temperature i s  
d e c l i n i n g .  There i s  no i n d i c a t i o n  f rom 
temperature l ogg ing  t h a t  thermal breakthrough 
has been de tec ted  i n  t h e  we l l s .  

CONCLUSIONS 

F i v e  techn iques  have been used t o  d e r i v e  a 
working model o f  t h e  r e s e r v o i r :  

' Thermal behaviour 
' A c t i v e  geochemistry 
' Tracer d i  spers ion  
O M i  c rose i  smi c event mapping 

Hydrau l i c  mon i to r i ng  

Format ion eva lua t i on  has shown t h a t  t h e  g r a n i t e  
i s  f r a c t u r e d  p e r v a s i v e l y  by two orthogonal  se ts  
o f  j o i n t s  c o n t a i n i n g  a range o f  s u b v e r t i c a l  
members. The j o i n t  geometry has c rea ted  a 
p a t t e r n  o f  i n t e r 1  ocki  ng p r i  smoidal b locks  o f  
g r a n i t e .  The e x i s t i n g  s t r e s s  f i e l d  i s  o f f s e t  t o  
one o f  t h e  j o i n t  d i r e c t i o n s  by approximately 
25" and t h e  an iso t ropy  o f  t h e  s t resses  has 
generated s u b c r i t i c a l  shear s t r e s s  c o n d i t i o n s  
on c e r t a i n  o f  t h e  j o i n t s .  Very small  inc reases  
i n  f l u i d  p ressure  w i t h i n  t h e  j o i n t s  has been 
s u f f i c i e n t  t o  cause shear mot ion on an 
i n d i v i d u a l  s t r u c t u r e .  When water was used as 
t h e  i n j e c t i o n  f l u i d ,  t h e  s e i s m i c a l l y  a c t i v e  
r e g i o n  grew u n c o n t r o l l  ab ly  downwards because o f  
t h e  s e v e r i t y  of t h e  an iso t ropy .  A massive 
i n j e c t i o n  of gel  was used t o  c o n t r o l  t h e  
v i s c o s i t y  o f  t h e  s t i m u l a t i n g  f l u i d  and i n h i b i t  
f a r  f i e l d  s e i s m i c i t y .  Th i s  has been success fu l .  

Desp i te  t h e  ex tens i ve  s t imu la t i on ,  no new 
f l ow ing  connect ions have been observed i n  t h e  
p roduc t i on  w e l l .  The f l o w  has been s i g n i f -  
i c a n t l y  enhanced on t h e  p r e - e x i s t i n g  n a t u r a l  
Jo in t s .  The p r i n c i p a l  f low zones occur on 

j o i n t s  t h a t  a re  o r ien ted  w i t h i n  20" o f  t h e  
maximum s t r e s s  d i r e c t i o n .  However, n o t  many 
j o i n t s  i n  t h i s  d i r e c t i o n  produce f l u i d .  It has 
been concluded t h a t  t h e  p r i n c i p a l  l i m i t a t i o n  t o  
t h e  p r o d u c t i v i t y  o f  an i n d i v i d u a l  s t r u c t u r e  i s  
r e l a t e d  t o  t h e  c o n n e c t i v i t y  o f  t h e  j o i n t s  
between t h e  we1 1 s .  

The a c t i o n  o f  s t i m u l a t i o n  i s  t o  d i l a t e  t h e  
n a t u r a l  aper tu res  by r a i s i n g  t h e  pressure and 
caus ing  bo th  shear and normal m t i o n s  on t h e  
j o i n t s .  

The h e a t  t r a n s f e r  r e g i o n  i s  assoc ia ted  w i t h  a 
c h a r a c t e r i s t i c  f lowthrough volume o f  approx- 
i m a t e l y  200 m3 o f  water.  The i m p l i e d  aper tu res  
o f  t h e  f l o w  pa th  a re  o f  t h e  o rde r  o f  0.1 mm. 
The in fe rence  from these r e s u l t s  i s  t h a t  t h e  
heat  t r a n s f e r  r e g i o n  i s  between 1 and 
4 m i  1 l i o n  m' . The mean res idence t ime  o f  t h e  
system i s  approx imate ly  40 hours. The system 
has been i n  cont inuous c i r c u l a t i o n  f o r  over 
3100 hours and no thermal drawdown has been 
observed. 

Hydrau l i c  ana lys i s  shows t h a t  t h e r e  i s  a d i r e c t  
channeled f l o w  pa th  assoc ia ted  w i t h  a minimum 
amount o f  s to rage capac i t y  w i t h i n  t h e  f l o w  zone 
i t s e l f .  However, t h e r e  i s  s i g n i f i c a n t  f l u i d  
s to red  i n  t h e  o v e r a l l  s t r u c t u r e .  Th is  appears 
t o  be s t o r e d  a t  l e s s  than e q u i l i b r i u m  
tenpera tu re  o f  t h e  surrounding rock .  

The r e s i s t a n c e  t o  f l o w  o f  t h e  c u r r e n t  system 
( 1  MPa/l/s, 10 psi /gpm) i s  s t i l l  t o o  h igh  f o r  
an economical ly v i a b l e  HDR opera t ion .  

The exper iments cont inue w i t h  t h e  immediate 
t a r g e t  o f  ach iev ing  a sustained produc t ion  o f  
25 l / s  a t  80°C which w i l l  be t h e  equ iva len t  o f  
75 l / s  a t  200°C because o f  t h e  s i g n i f i c a n t  
r e d u c t i o n  i n  v i s c o s i t y  a t  h igh  temperature. It 
i s  hoped t h i s  f l o w  w i l l  be a t t a i n e d  be fo re  
A p r i l  1986. 
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NOMENCLATURE 

k =  

h =  

u =  
c =  
e =  
I =  

permeabi 1 i ty (m2 

fo rma t ion  he igh ts  (m) 

v i s c o s i t y  (Pa.s 

c m p r e s s i b i  l i t y  (Pa- ' )  

poro s i ty 

impedance t o  f 1 ow ( Pa/m3 /s ) 
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r = i n t e r w e l l  d i s tance  (m) 

rw = we l l bo re  r a d i u s  

s z  = s k i n  f a c t o r  a t  p roduc t ion  w e l l  

q, = i n j e c t i o n  f l o w  

q 2  = p roduc t i on  f l o w  
s ,  = s k i n  a t  i n j e c t i o n  w e l l  
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