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ABSTRACT 

The E x t r a c t i o n  System u t i l i s e s  heat  t r a n s f e r e d  
from t h e  geothermal f l u i d s  i n t o  a c losed  
combined Heat Pipe/Organic Rankine Cycle.  The 
system overcomes problems o f  r e i n j e c t i o n ,  two 
phase f l u i d  movement and env i romenta l  
p o l l u t i o n  by b r i n g i n g  a c lean  secondary f l u i d  
t o  t h e  sur face .  Reservo i r  f r a c t u r i n g  and 
p r imary  f l u i d  movement w i l l  a l s o  be covered. 

HOW THE SYSTEM WORKS 

One o f  t h e  i nnova t ions  i s  t h e  use o f  
t h e r m a l / f l u i d  heat  t r a n s f e r .  Spec ia l  f l u i d s  
opera te  i n  a c losed  p i p e  c i r c u i t  t o  t r a n s f e r  
heat  from t h e  bottom o f  t h e  w e l l  t o  the  top  
v i a  vapor ised  f l u i d s  moving a t  near son ic  
v e l o c i t i e s .  
t o  p r o v i d e  power enough t o  d r i v e  
tu rbogenera tors  depends on t h e  geothermal 
g rad ien t :  i n  some geograph ica l  areas t h i s  1s 
from as sha l low as 900m. 

The m i n i m u m  depth  o f  h o l e  needed 

Downhole, these w e l l s  a re  completed by casimg 
and p e r f o r a t i n g  th rough up t o  1,000m o f  
f r a c t u r e d  h o t  rocks,  i n  e i t h e r  a d r y  or  a 
hydro thermal  f i e l d .  Reservo i r  heat  i s  
t r a n s f e r r e d  t o  t h e  we l l bo re  by convec t ion- type 
c i r c u l a t i o n  ove r  t h e  1,000rn o f  exposed 
fo rmat ion .  A d d i t i o n a l  h o r i z o n t a l  d r i l l i n g  and 
h y d r a u l i c  f r a c t u r i n g  t o  a i d  t h i s  process can 
be u t i l i s e d .  I n  t r u l y  d r y  ho les ,  a d d i t i o n  o f  
a second working f l u i d  t o  the  fo rma t ion  makes 
i n t e r n a l  c i r c u l a t i o n  poss ib le .  

I n s i d e  t h e  casing, a c losed  203mm tube i s  
i n s e r t e d ,  c o n t a i n i n g  a s i n t e r e d  copper or  
s t a i n l e s s  c a p i l l a r y  t ype  l i n e r  (see F i g .  1 ) .  
Th is  l i n e r  extends over t h e  lower  1,000m o f  
i t s  i n t e r i o r  sur face .  I n s i d e  t h e  tub ing ,  a 
concen t r i c ,  w e l l - i n s u l a t e d  63mm diameter 
work ing  f l u i d  r e t u r n  s t r i n g  sprays condensed 
l i q u i d  th rough p e r f o r a t i o n s  on to  t h e  s i n t e r e d  
me ta l  heat  exchanger. 
t h e  s i n t e r e d  wick t r a n s f e r s  a th in  f i l m  o f  
work ing  f l u i d  around t h e  circumference. The 
vapor ised  f l u i d  then  f l ows  up t h e  t u b i n g  
r e t u r n  annulus, t o  t h e  su r face  t u r b i n e  uni t . .  
Coo l ing  water p rov ides  a s t r o n g  temperature 
d i f f e r e n t i a l  f o r  e f f i c i e n t  energy e x t r a c t i o n .  

The c a p i l l a r y  a c t i o n  o f  

The working f l u i d  f l ows  down t h e  63mm r e t u r n  
tube by g r a v i t y ,  aga ins t  reduced backpressure 
o f  t h e  h o t  vapor ised  f l u i d .  A backup feed 
pump i s  a v a i l a b l e  t o  s t a r t  t h e  system. 

Since t h e r e  i s  no in te rchange between work ing  
f l u i d s  and e x t e r n a l  heat  source f l u i d s  l o c a t e d  
i n  the  cas ing- . tub ing  annulus,  t h e  system l i f e  
' s  as h j g h  as 20-25 years.  

1 Km 

ABOVE GROll l iD 

BELOW GROilliE 

HYDRO THERMAL FIELD 

-215- 



THE ADVANTAGES OF A 
SINGLE BOREHOLE SYSTEM 

Most geothermal power s t a t i o n s  today a re  based 
on two-hole e x t r a c t i o n  systems, t h e  reason 
be ing  t h a t  t h e  geothermal f l u i d s  a re  n o t  pure:  
t h e r e  are  many contaminants t h a t  cause 
environmental  p o l l u t i o n .  These two-hole 
systems normal ly  e x t r a c t  geothermal f l u i d s  
from one h o l e  and r e - i n j e c t  t h e  coo led  f l u i d s  
down a second w e l l .  This removal  o f  f l u i d  
i t s e l f  causes a whole hos t  o f  problems: 
co r ros ion ,  s i l t i n g  o f  w e l l ,  two-phase f l u i d  
movement, subsidence and many o t h e r  lesser 
problems. 

With t h e  s i n g l e  boreho le  system, p ressure  i n  
t h e  geothermal f l u i d s  i s  ma in ta ined as t h e  
f l u i d  i s  n o t  removed from t h e  f i e l d .  Th i s  has 
many advantages, as no drop i n  pressure  means 
t h a t  t h e  geothermal f l u i d s  do n o t  t u r n  i n t o  
aggress ive  c o r r o s i v e  contaminants.  Also,  
because t h e  pressure  i s  ma in ta ined,  suspended 
s o l i d s  s tay  i n  suspension and do n o t  drop ou t  
t o  s i l t  up t h e  w e l l .  

However, by f a r  t he  most impor tan t  advantage 
o f  t h e  s i n g l e  boreho le  system i s  t h a t  no 
env i ronmenta l  p o l l u t i o n  i s  caused. Th is  i s  a 
ve ry  impor tan t  c la im ,  as a l l  t h e  t r a d i t i o n a l  
methods o f  power genera t i on  cause 
env i ronmenta l  p o l l u t i o n .  Some examples are: 

- F o s s i l  f u e l s  cause " a c i d  r a i n "  

- Nuclear power causes r a d i o a c t i v e  waste 

CREATION OF A RESERVOIR 

S i n g l e  boreho le  systems t o  da te  a re  very  r a r e .  
Th is  i s  due t o  t h e  i n a b i l i t y  t o  c r e a t e  a 
dynamic method o f  heat  e x t r a c t i o n .  The 
c r e a t i o n  o f  a s u i t a b l e  geothermal r e s e r v o i r  
which can t r a n s f e r  geothermal heat  from a 
l a r g e  catchment area, n o t  by conduct ion  b u t  by 
t h e  c i r c u l a t i o n  o f  e i t h e r  a n a t u r a l l y  occu r ing  
or  an a r t i f i c i a l l y  c rea ted  geothermal f l u i d ,  
i s  a l s o  a necess i t y  f o r  a s i n g l e  boreho le  
system. 

There a re  many areas around t h e  wor ld  where 
t h e r e  a r e  n a t u r a l  r e s e r v o i r s :  obv ious  examples 
a re  geysers and h o t  sp r ings  (Ref. 1 ) .  
Hydrothermal and steam f i e l d s  a r e  a l s o  
s u i t a b l e  s i t e s  f o r  s i n g l e  boreho le  systems. 
Hot d r y  rock  a p p l i c a t i o n s ,  though, need t h e  
c r e a t i o n  o f  an a r t i f i c i a l  r e s e r v o i r  (Ref.  2). 
Th is  i s  normal ly  achieved by a combina t ion  o f  
h o r i z o n t a l  d r i l l i n g ,  downhole f r a c t u r i n g  and 
t h e  use o f  s p e c i a l  c i r c u l a t i n g  f l u i d s .  

ECONOMIC ADVANTAGES 
OF THE ONE-HOLE SYSTEM 

One o f  t h e  major advantages o f  a s i n g l e  
boreho le  system i s  t h a t  w e l l s  d r i l l e d  f o r  
o t h e r  purposes can be u t i l i s e d  fo r  geothermal. 

Some examples are: unsuccess fu l  or  dr ied-up  
o i l  and gas w e l l s  and t e s t  bores.  
t h e  h i g h  cos t  o f  d r i l l i n g  these i s  j u s t  
w r i t t e n  o f f .  The convers ion  o f  these w e l l s  i s  
q u i t e  s imp le  i f  u t i l i s a t i o n  has been decided 
be fo re  t h e  boreho le  has been plugged. 

As t h e  s i n g l e  boreho le  e x t r a c t i o n  system makes 
use o f  low b o i l i n g  p o i n t  o rgan ic  f l u i d s ,  t hen  
these we l l s ,  which a re  n o t  no rma l l y  d r i l l e d  i n  
geothermal ly  r i c h  areas, s t i l l  have h i g h  
enough bottomhole temperatures t o  be an 
economic p r o p o s i t i o n .  

Normal ly,  

UTILISING READY-DRILLED HOLES 
FOR GEOTHERMAL 

I n  areas l i k e  t h e  Nor th  Sea ( U . K . ) ,  o i l  
d r i l l i n g  i s  c a r r i e d  ou t  from p l a t f o r m s .  
Normal ly up t o  20 w e l l s  a r e  d r i l l e d  f rom one 
p la t fo rm,  though n o t  a l l  o f  these a r e  
p roduc t i ve .  
w e l l s  f o r  t h e  e x t r a c t i o n  o f  geothermal heat  
cou ld  p rov ide  adequate e l e c t r i c a l  supp ly  f o r  
t h e  p la t fo rm.  

The use o f  a s m a l l  p r o p o r t i o n  o f  

The Nor th  Sea has go t  t h e  added advantage o f  a 
l a r g e  volume o f  r e l a t i v e l y  c o l d  ( 5  deg. C )  
sea water t h a t  p rov ides  a good hea t  s i n k .  

DRILLING HOLES SPECIALLY 
I N  GEOTHERMALLY RICH AREAS 

I t  i s  economical ly v i a b l e  t o  d r i l l  purpose- 
made bores  i n  areas where t h e  e a r t h ' s  c r u s t  i s  
thin, such as t h e  o f f s h o r e  reg ions  o f  China, 
t h e  Midd le  East,  Southeast Asia,  down t h e  
A t l a n t i c  Ocean and a long t h e  west coas t  o f  
Nor th  and South America. 

S tud ies  show (Ref. 3)  t h e  system can e x t r a c t  
2.5mw o f  e l e c t r i c a l  power from rocks  h o t t e r  
t han  150 degrees Cent igrade. I n  i s o l a t e d  
areas t h e  geothermal ly  powered genera tor  can 
supply economical power f o r  i r r i g a t i o n  pumps, 
l i g h t i n g ,  h e a t i n g  and o t h e r  a p p l i c a t i o n s .  

For f u r t h e r  t e c h n i c a l  i n f o r m a t i o n  and 
l i c e n c e  d e t a i l s ,  con tac t  t h e  w r i t e r .  
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