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I n t roduc t  i o n  

The a p p l i c a t i o n  o f  t r a n s i e n t  pressure a n a l y s i s  methods t o  
vapor-dominated geothermal systems has g e n e r a l l y  been done using 
methods developed fo r  noncondensable gas r e s e r v o i r s .  These 
methods have been s a t i s f a c t o r y  i n  many cases; however, because 
they n e g l e c t  e f f e c t s  o f  v a p o r i z a t i o n  and condensation, t h e  r e s u l t s  
may be mis lead ing .  The s tudy presented here was mot iva ted  by a 
perce ived p o t e n t i a l  need t o  incorpora ted  phase changes in to  t h e  
a n a l y s i s  of pressure drawdown and recovery data.  I t  i s  hoped t h a t  
t h i s  w i l l  a l l o w  f o r  an increased understanding o f  t h e  processes 
o c c u r r i n g  i n  geothermal systems where steam and l i q u i d  water  a r e  
thought t o  coexis t :  

A f i n i t e - d i f f e r e n c e  model fo r  t h e  h o r i z o n t a l ,  r a d i a l  f l o w  of 
steam i n  t h e  presence o f  an immobile v a p o r i z i n g  o r  condensing 
l i q u i d  phase was adapted from t h e  model o f  Moench (1976). Resu l ts  
were generated f o r  r e a l  phys i ca l  parameters, and a re  presented i n  
terms o f  s tandard dimensionless pressure  ( a c t u a l l y  pressure-  
squared) and t ime groupings. The a n a l y s i s  assumes an i n i t i a l  
cons tan t  temperature and pressure  i n  t h e  a q u i f e r  and an i n i t i a l  
un i fo rm l i q u i d - w a t e r  d i s t r i b u t i o n  which p a r t i a l l y  f i l l s  t h e  v o i d  
space. I t  i s  a l s o  assumed t h a t  t h e  steam and l i q u i d  water  i n  t h e  
r e s e r v o i r  a r e  i n  l o c a l  thermal e q u i l i b r i u m  w i t h  the  r e s e r v o i r  
rocks and t h a t  temperature changes occur  o n l y  i n  response t o  phase 
changes. I n  t h e  examples which f o l l o w  p e r m e a b i l i t y ,  p o r o s i t y ,  and 
w e l l  d ischarge a r e  cons tan t .  
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Resu 1 t s  

The computed pressure drawdown p l o t t e d  i n  f i g u r e  1 ( P  vs.  
D l o g  t ) shows the  comparison o f  d r y  steam (S=O.O) w i t h  th ree  

exampyes hav ing d i f f e r e n t  q u a n t i t i e s  o f  i n i t i a l  1 i qu id -water  
s a t u r a t i o n  (S=0.05, S = O . l O ,  S=0.20). The l a t t e r  r e s u l t s  a re  
d isp laced,  as a group, f rom the  response f o r  d r y  steam by an 
amount which depends upon the  heat capac i t y  per  u n i t  volume o f  
t h e  r e s e r v o i r  rock. The s lope o f  t h e  s t r a i g h t  l i n e  ob ta ined f o r  
d r y  steam i s  t h a t  p r e d i c t e d  by the  l ine-source  s o l u t i o n  t o  t h e  
d i f f u s i v i t y  equat ion.  

D vs. l o g  t /r 2, compared w i t h  t h e  l ine-source  s o l u t i o n .  The 
s l i g h t  d isplacement o f  t he  r e s u l t s  f o r  dry-steam t o  t h e  l e f t  o f  
t he  l i ne -sou rce  s o l u t i o n  a t  e a r l y  t ime i s  due t o  t h e  s p a t i a l  
increments used i n  the  f i n i t e - d i f f e r e n c e  model. 

F igure  2 shows i n t e r f e r e n c e  pressure drawdown data  ( l o g  P 

D D  

F igu re  3 shows Horner bu i l dup  graphs (P vs. (to + A t ) / A t )  D f o r  t h ree  d i f f e r e n t  values o f  i n i t i a l  l i q u i d - w a t e r  s a t u r a t i o n .  
Produc t ion  t ime  i s  t he  same f o r  each case and i s  approx imate ly  9 
hours i n  d u r a t i o n .  I n i t i a l l y  ( s m a l l  A t )  t he  pressure r i s e s  
r a p i d l y  because t h e  steam i s  superheated i n  t h e  v i c i n i t y  o f  t h e  
p roduc t i on  w e l l .  Th i s  i s  f o l l owed  by a p e r i o d  du r ing  which t h e  
pressure i s  n e a r l y  constant  owing t o  the  onset o f  condensat ion.  
Continued r i s e  i n  pressure as t ime goes on [ l a rge  A t )  i s  due t o  
hea t ing  by condensat ion.  The l o c a t i o n  o f  t he  p la teau  i n  f i g u r e  
3 depends upon the  heat capac i t y  per  u n i t  volume o f  t h e  r e s e r v o i r  
rock  and upon t h e  amount o f  l i q u i d  which was a v a i l a b l e  f o r  
v a p o r i z a t i o n  per  u n i t  volume du r ing  t h e  p e r i o d  o f  p roduc t ion .  

Discuss ion 

Drawdown data  generated w i t h  the two-phase s i m u l a t i o n  model 
f o r  r a d i a l  f l o w  t o  a d i scha rg ing  w e l l  shows t h a t  t h e  ex i s tence  o f  
a v a p o r i z i n g  l i q u i d - w a t e r  phase i s  mani fested on p l o t s  o f  
d imension less t ime o n l y  by a s h i f t  i n  t h e  h o r i z o n t a l  d i r e c t i o n  
f rom t h e  d r y  steam case. T h i s  can be exp la ined as an apparent 
increase i n  c o m p r e s s i b i l i t y  o f  t h e  system. Assuming the  v a l i d i t y  
o f  the  assumptions o f  t h i s  a n a l y s i s ,  t h i s  r e s u l t  suggests t h a t  
t h e  presence o f  a vapor i z ing  l i q u i d  w i l l  n o t  compl ica te  e v a l u a t i o n  
o f  t h e  r e s e r v o i r  pe rmeab i l i t y - th i ckness  product  f r o m  drawdown data 
when t h e  usual methods o f  gas r e s e r v o i r  eng ineer ing  a r e  app l i ed .  
However, t h i s  a l s o  imp l i es  t h a t  such a t e s t  cannot d i s t i n g u i s h  
between the  presence o r  absence o f  l i q u i d  i n  t h e  pore space. 
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Simulated pressure buildup data, on the pther hand, show 
characteristics which are markedly different from that expected 
for noncondensable gas. Condensation holds the pressure at 
saturated-vapor pressure and is responsible for the zone of 
nearly constant pressure seen in the pressure buildup graphs. 
If phase change plays an important role in pressure transient 
well testing, it should be manifested in pressure buildup tests. 

Details of this analysis wil: become available in a forth- 
coming paper by the authors. Further studies are underway that 
will change some of the assumptions made herein. 

Notation and Definition of Dimensionless Groups 

PD dimensionless pressure tD dimensionless time 

squared kPit 
- _ -  PkhMw 

qlJZ i RT 0F.l rw 2 
- - (P; - P2) 

D r 

r 
r 
q 
P 

W 

p i  
k 
h 
M 
W 

dimensionless distance 
r 
r 

- - -  
W 

radial distance 
well radius 
product ion rate 
pressure 
initial pressure 
permeab i 1 i ty 
reservo i r th i ckness 
molecular weight water 

S 1 iquid-water saturation 
(percent o f  vo i d space) 

t time 
product ion time 

At time since shut-in 
1.1 steam viscosity 

R gas constant 
T temperature 
4 porosity 

initial compressibility factor z i  

Values o f  Parameters Used 

p i  
k 7 x cm2 
h 714 cm zi 0.9 

M 18 g/Mole 
1.1 1.8 x dyne-sec/cm2 
W 

30 x lo6 dynes/cm2 

4.16 io4 g/s R 8.3 x lo7 dyne-cm/(OC Mole) 
r 15 cm 
W 

4 0.10 
3.22 104 to T 507 " K  
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