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A d iscuss ion i s  presented o f  the  m a t e r i a l  contained i n  Reference 1 .  
Th i s  reference presents the  r e s u l t s  o f  an i n v e s t i g a t i o n  o f  the  f l u i d  f l ow  
assoc ia ted w i t h  pressure d e p l e t i o n  i n  those geothermal r e s e r v o i r s  which a r e  
s i m i l a r  to  o i l  and gas r e s e r v o i r s .  Geothermal r e s e r v o i r s  a r e  o f t e n  c l a s s i -  
f i e d  as e i t h e r  steam o r  h o t  water  according t o  s t a t e  o f  r e s e r v o i r  b r i n e .  
These c l a s s i f i c a t i o n s  imply the  presence o f  o n l y  one phase; however, i t  i s  
recognized t h a t  bo th  l i q u i d  and vapor phases may be present  i n i t i a l l y  o r  
may develop as the  pressure dec l i nes .  Th is  c o n d i t i o n  may invo lve  the  s imul-  
taneous f l o w  o f  steam and h o t  water .  

For two phase f l o w  o f  steam and h o t  water  the  assumptions o f  small  
temperature and pressure g rad ien ts  w i t h i n  the r e s e r v o i r  a1 low the simp1 i f i- 
c a t i o n  o f  the equat ions o f  heat  and f l u i d  f l o w . ]  Th is  leads t o  a r e l a t i o n  
between the f l u i d  pressure and the  l i q u i d  sa tu ra t i on .  S i m i l a r  assumptions 
f o r  s i n g l e  phase f l o w  lead t o  an approximately constant  r e s e r v o i r  tempera- 
t u r e  w i t h  f l u i d  pressure d e c l i n e .  

The i n i t i a l  temperature and pressure  i n  a geothermal r e s e r v o i r  d e t e r -  
The b o i l i n g  p o i n t  curve for  pure water i s  presented by the  mine i t s  type.2 

dashed l i n e  i n  F igure  1 .  Disso lved s a l t s  i n  geothermal b r i n e s  cause mod i f i -  
c a t i o n  t o  t h i s  curve.3 Hot water  r e s e r v o i r s  a r e  represented by p o i n t s  t o  the  
r i g h t  and below the curve as i l l u s t r a t e d  by i n i t i a l  p o i n t  on curve A.  Steam 
o r  s i n g l e  phase vapor r e s e r v o i r s  a r e  represented by p o i n t s  t o  the  l e f t  of the  
curve and p o i n t s  above the c r i t i c a l  temperature, as i l l u s t r a t e d  by the  
i n i t i a l  p o i n t s  on curves B and C.  

The s o l i d  l i n e s  i n  F igu re  1 i l l u s t r a t e  the  behavior o f  c losed geo- 
thermal r e s e r v o i r s  produced by pressure d e p l e t i o n  w i t h  no water i n j e c t i o n .  
The behavior o f  a ho t  water r e s e r v o i r  i s  i l l u s t r a t e d  by l i n e  A .  I n i t i a l l y  
the  h o t  water product ion  causes r a p i d  pressure d e c l i n e  s ince o n l y  l i q u i d  
expansion and rock pore volume c o m p r e s s i b i l i t y  supply the d r i v i n g  energy. 
Th is  e s s e n t i a l l y  isothermal behavior  cont inues u n t i l  the  b o i l i n g  curve i s  
reached. A t  t h i s  p o i n t  the  i n t e r n a l  steam d r i v e  begins and a steam phase 
s t a r t s  t o  b u i l d  up w i t h i n  the  r e s e r v o i r .  The temperature and pressure 
decrease along the b o i l i n g  curve. When the steam s a t u r a t i o n  reaches the 
e q u i l  briurn sa tu ra t i on ,  steam begins t o  f l o w  w i t h i n  the  r e s e r v o i r  and ho t  
water  and steam a re  produced s imul taneously.  The steam s a t u r a t i o n  cont inues 
t o  bu I d  up as product ion  cont inues w i t h  an ever- increas ing steam-hot water  
r a t i o  o f  the produced f l u i d .  Th is  process cont inues u n t i l  the  water sa tura-  
t i o n  s reduced t o  the p o i n t  where the  h o t  water becomes immobile arid hot 
water product ion  stops. The b o i l i n g  process cont inues w i t h  o n l y  s a t u r a t i o n  
steam product ion  u n t i l  a l l  the  water  i s  b o i l e d  away. A t  t h i s  p o i n t  the  
temperature departs from the  b o i l i n g  curve and remains e s s e n t i a l l y  constant  
as the  pressure cont inues t o  d e c l i n e ,  as i l l u s t r a t e d  by curve A i n  F igure  1 .  
The produced steam becomes i n c r e a s i n g l y  more superheated as the  pressure 
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dec l ines .  
i nd i ca tes  t h a t  considerable heat  remains i n  the rese rvo i r .  

The r e l a t i v e l y  h igh  temperature a t  the end of  pressure d e p l e t i o n  

Curve B represents a steam r e s e r v o i r  which remains e s s e n t i a l l y  i so-  
thermal w i t h  pressure dec l i ne .  Only a small amount o f  heat i n i t i a l l y  i n  
t h i s  type o f  r e s e r v o i r  i s  produced. Curve C represents a steam rese rvo i r  
which i s  i n i t i a l l y  above the c r i t i c a l  temperature and pressure. The tempera- 
t u r e  dec l i ne  w i t h  pressure i s  s l i g h t l y  g rea ter  than rese rvo i r  B, bu t  the 
o v e r a l l  temperature drop i s  small and most o f  the i n i t i a l  heat remains i n  
the  rese rvo i r  a t  pressure dep le t i on .  

The s i m p l i f i e d  equat ions o f  Ref. 1 do not  s t r i c t l y  apply  t o  cond i t i ons  
o f  g r a v i t y  segregat ion of the steam and ho t  water. However, the i n s i g h t  
ob ta ined from the  c a l c u l a t e d  r e s u l t s ,  coupled w i t h  the experilence gained 
from o i l  and gas segregat ion i n  petroleum rese rvo i r s ,  suggests the fo l l ow ing  
behavior.  G rav i t y  segregat ion o f  the steam and ho t  water begins as soon as 
the  steam phase begins t o  f low.  Steam accumulation a t  the toip o f  the reser-  
v o i r  increases the amount o f  steam produced from w e l l s  completed h igh  i n  the 
r e s e r v o i r .  Correspondingly, w e l l s  completed low i n  the r e s e r v o i r  produce 
more ho t  water and less  steam. Since the produced steam conta ins more heat 
than an equal mass of h o t  water complet ing w e l l s  h igh  i n  the rese rvo i r  tends 
t o  increase the t o t a l  heat  produced under pressure dep le t ion .  
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