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ABSTRACT 

r e s e r v o i r  p ro f i l e s :  
motion i n  t he  well .  
systems. 

of expected r e se rvo i r  f l u i d  s ta te .  
Mexico, has been re leased  (I). 
i n t e r p r e t a t i o n ,  and cons t ruc t  a conceptual model of  Baca reservoi r .  

b e s t  producers. No abno 

Downhole ineasurements i n  geothermal wells cannot be l i t e r a l l y  in t e rp re t ed  a s  
the well p r o f i l e  i s  p a r t l y  or wholly determined by f l u i d  
Careful i n t e rp re t a t ion  i s  needed, and more ca re  i n  two-phase 

A fu l l  set of measurements on Baca f i e l d ,  Flew 

Baca i s  a liquid-dominated reservoi r ,  w i t h  a tbro-phase region conta in ing  the  
l y  pressured zone has yet been penetrated by d r i l l i ng .  

Two i dea l i s ed  conceptional models a r e  descr ibed ,  t o  give a background idea 

These measurements ( 2  - 5) a r e  used t o  i l l u s t r a t e  

INTRODUCTION - TWO CONCEPTUAL MODELS - 
Geothermal r e se rvo i r s  a r e  d is t inguished  from petroleum by t h e i r  na tura l  d i s -  

The n a t w a l  
Exploi ta-  

charge.  The undisturbed s t a t e  is a dynamic s ta te ,  not a s t a t i c  one. 
upflow of f l u i d  produces a f l u i d  d i s t r i b u t i o n  i n  t he  r e se rvo i r  rock. 
t i o n  aims a t  removing t h i s  f l u i d  a t  f a r  g r e a t e r  r a t e ,  deple t ing  the  s to rage  i n  
t h e  system. 
i d e a l i s e d  models: 

desc r ibe  f i e l d s  i n  New Zealand: Wairakei, Broadlands and Kawerau. There i s  a 
source  of  f l u i d  a t  some grea te r  depth. T h i s  f l u i d  r i s e s  v e r t i c a l l y ,  uniformly 
spread across  t h e  f i e l d .  Lateral  onduction and mixing is negl ig ib le .  A t  s u f f i -  
cient depth,  the f l u i d  is  l iqu id .  
a t  vhich i t  t o i l s  (Kairakei,  4OOm; Broadlands, 1500m; Kawerau, 1000rn). fibove 
t h i s  depth two phases flow t o  sur face ,  t he  steam f l u x  increas ing  a s  pressure  
f a l l s .  A t  a l l  depths the  ve r t i ca l  p ressure  g rad ien t  i s  near ,  b u t  above, hydro- 
s t a t i c .  
resembles t h a t  of l i q u i d  water. 
both phases upwards. A t  the  th ree  t;ew Zealand f i e l d s  the pressure  g rad ien t  was 
110% of hydros ta t ic ,  a n d  a s i m i l a r  result is found below f o r  Baca. k ' i t h i n  t h e  
two-phase zone, where both steam a n d  water flow t o  sur face ,  t h e  r e s e r v o i r  con- 
t a i n s  both phases, w i t h  s a t w a t i o n  ad jus ted  t o  g i v e  t he  c o r r e c t  balance of  v e r t i -  
cal heat  and m2ss f l u x .  
i n  place:  

pr imar i ly  v e r t i c a l .  The th ree  f i e l d s  i tanced a r e  a l l  i n  l eve l  t e r r a i n ,  w i t h  
t h e  w a t e r  t a b l e  c lose  t o  
t o  d ischarge  a t  sur face .  

i s  dr iven  by an upflow o f  
mountainous. A t  exp lo i t a  f low i s  two-phase. From t h i s  upflow 
reg ion ,  l i q u i d  flows away 
and steam r i s e s  v e r t i c a l l y ,  t o  give a p a r a s i t i c  vapor zone and steam-heated 
s u r f a c e  discharge above the  upflow. 

of t h e  ch lor ide  spr ings .  h i s  i s  much the p i c t u r e  out l ined  f o r  Baca by Dondan- 
v i l l e  (quoted i n  ( 4 ) ) .  lonaonan f i e l d  i r l  The Phi l ipp ines  ( 7 )  i s  an example where 
both upflow and outf1ol.r regions nave been d r i l l e d .  
p ressure  grad ien t  i s  aPain about 10% above hydros t a t i c ,  and t h e r e  i s  6 measured 
hor izonta l  pressure d i f fe rence  along t h e  outflow. 

There may of course be qraduations between these  two extremes. T h u s .  even 

However, t he  i n i t i a l  f l u i d  s ta te  i s  bes t  understood by re ference  t o  

UIL'IFOm: ERTJCAL UPFLUI: I.!ODZL. T h i s  model has been used. success fu l ly  t o  

Rising and depressur i s ing ,  i t  reaches a depth 

The r e se rvo i r  is c a l l e d  "liquid-dominated'' a s  t h e  pressure p r o f i l e  
The superhydros ta t ic  grad ien t  i s  needed t o  d r i v e  

Dr i l l i ng  i n t o  this r e s e r v o i r  f i n d s  a two-phase mixture  
the  two phases a r e  i n t i n a t e l y  mixed, not v e r t i c a l l y  segregated.  

T h i s  conceptual model appl ies  well t o  f i e l d s  where the natural  flow i s  

F l u i d  does rise more o r  less ve r t i ca l ly ,  

HYBRID RZSERVOIR: H OUTFLOk' A B D  ?/J??SITIC VAPOR T h i s  system too 
r depth.  Hoiqever, t he  terrain is  

t o  ultimate discharge a s  ch lor ide  spr ings ;  
= . .  
i 

Figure 1 sketches t h i s  model. Except f o r  
< t h e  vapor zone, pressures  a r e  l iquid-dominated and cont ro l led  by the  e l eva t ion  

I n  t he  upflow zone the 

a t  Broadlands- t he  upf;ow apparently o r i g i n a t e s  on t he  east of t he  f i e l d .  -Both 
c a s t  and west ha lves 'o f  t he  f i e l d  a r e  two-phase, but en tha lp ies  a r e  higher  i n  t h s  
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east ,  r e f l e c t i n g  p a r t i a l  steam separation. 
of s i m i l a r i t i e s  t o  Baca: 
blems (J.W.Pritchett, pers. c o n . ) .  
examining Baca data. 

. INTERPRETATION OF DOWNHOLE MEASUREMENTS 

a gauge o f  t he  r e s e r v o i r  p roper t i es .  
c a m e  t h i s :  

f rom one o r  a t  most a few f rac tu res .  
depth does the w e l l  con tac t  t h e  rese rvo i r .  
r e f l e c t  r e s e r v o i r  pressures. 
o f  t he  f l u i d  (water, steam, two-phase) column i n  the wel l ;  
same as the  r e s e r v o i r  pressure gradient .  
p o i n t ,  and t h e  f l u i d  q u a l i t y  i s  determined here. Bottomhole pressures and tempe- 
ra tu res ,  f o r  example, a re  l i t t l e  guide t o  r e s e r v o i r  pressures and f l u i d  q u a l i t y .  

w e l l s  i n t e r s e c t  more than one major feed. Measurements i n  such w e l l s  can be very 
d i f f i c u l t  t o  i n t e r p r e t  (8),  as i n  petroleum w e l l s  i n t e r s e c t i n g  mu1 t i - l a y e r  sys- 
tems (9) .  

correspondingly the  pressure g rad ien t  exceeds hyd ros ta t i c .  No w e l l  can d u p l i c a t e  
a superhydrostat ic  pressure p r o f i l e .  
phases, t h e  f l u i d  i n  t h e  w e l l  cannot dup l i ca te  the r e s e r v o i r  f l u i d  p r o f i l e .  
f l u i d  i n  t h e - w e l l  cannot be 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  except a t  one o r  two 
po in ts .  
i n  t h e  w e l l ;  
governs t h e  temperature and pressure p r o f i l e s  measured. De ta i l ed  i n t e r p r e t a t i o n  
cons is t s  o f  deducing t h e  i m p l i e d  f l u i d  motion, and what t h a t  i n  t u r n  i m p l i e s  
about the rese rvo i r .  
catalogue o f  cornbications o f  feed p o i n t s  and r e s e r v o i r  f l u i d .  The phys i ca l  
examples a re  s i m i l a r ,  and the  in ferences i d e n t i c a l ,  t o  those r e s u l t i n g  f rom 
d r i l l i n g  a t  Yellowstone (11). 

dominated f i e l d s :  
i n t e r n a l  discharge. Another, (e)  steam cap, appears when subhydrostat ic  condi-  
t i o n s  are penetrated; 

The enneubZe p r o f i l e  occurs i n  w e l l s  where pe rmeab i l i t y  i s  so poor the re  
i s  1 i t t l e T o w  i n  t h e  w e l l .  A temperature p r o f i l e  i s  measured w i t h  so much z i g -  
zag d e t a i l  t h a t  conduct ion must dominate over f l u i d  convect ion i n  the  w e l l .  

An isothemui! p r o f i l e  appears when l i q u i d  water i s  f l ow ing  i n  t h e  w e l l ,  up- 
wards o r  downwards , between two feeds. 
constant.  Baca-10 (F igure 2 )  shows t h i s ,  w i t h  water a t  500OF f l ow ing  between 
3700' ASL and p e r f o r a t i o n s  a t  5700'. 
bo th  i t s  endpoints. 

water, a l l  a t  b o i l i n g - p o i n t .  
we l l .  
The steam f l o w  i s  smal l  enough t h a t  steam r i s e s  as bubbles through the  water 
column, and a h y d r o s t a t i c  pressure gradient  i s  preserved i n  the we l l .  Steam 
u s u a l l y  r i s e s  i n  t h e  w e l l  above the  upper i n j e c t i o n  po in t ,  now w i t h  a slow 
counter f low of  water, and so t h e  b o i l i n g - p o i n t  p r o f i l e  can p e r s i s t  i n t o  t h e  
cas ing o r  even t o  wellhead. This steam, on condensation, provides the gas t h a t  
enables some w e l l s  t o  b u i l d  up a gas column i n  the  casing very rap id l y .  
seems t o  show a b o i l i n g - p o i n t  p r o f i l e .  

b o i l i n g - p o i n t  prof i le. .  

Broadlands f i e l d  (6 )  shows a number 
both a re  gassy two-phase f i e l d s  w i t h  Permeabi l i ty  pro- 

These s i m i l a r i t i e s  were e x p l o i t e d  i n  

Measurements i n  geothermal w e l l s  should never be bel ieved. 

I4ost geothermal f i e j d s  c o n s i s t  o f  f rac tu red  rock. 

Not, t h a t  i s ,  as 

the  f r a c t u r e d  permeabi l i ty ,  and the  non-stat ic  r e s e r v o i r  f l u i d  s ta te .  
Two p roper t i es  o f  geothermal r e s e r v o i r s  

Most o f ten ,  one dominates. 

t 
A w e l l  draws i t s  f l u i d  

DnZy a t  t h i s  

seldom i s  t h i s  t h e  

Only here does a s tab le-shut  w e l l  

The discharge enters  the  w e l l  a t  t h i s  

Pressures elsewhere i n  the  t ie l1  r e f l e c t  t he  weight 

Apart  from i t s  major feed, a w e l l  w i l l  have some o the r  permeabi l i ty .  Some 

The na tu ra l  s t a t e  o f  t h e  r e s e r v o i r  corresponds t o  an u p f l u x  o f  f l u i d ,  and 

I n  addi t ic jn,  i f  the r e s e r v o i r  conta ins two 
The 

I f  there are any secondary feeds, and the re  u s u a l l y  are, f l u i d  w i l l  move 
e n t e r i n g  a t  one p o i n t  and leav ing  a t  another. This f l u i d  mot ion 

An i n t e r p r e t a t i o n  manual (10) consis ts  o f  no more than a 

Four types o f  p r o f i l e s  appear i n  eothermal w e l l s  i n  unexplo i ted l i q u i d -  
(a)  impermeable, (by isothermal , (c)  b o i l i n g  po in t ,  (d)  

u s u a l l y  a f t e r  e x p l o i t a t i o n .  

The temperature i s  correspondingly n e a r l y  

This f l o w  i d e n t i f i e s  some pe rmeab i l i t y  a t  

I t  corresponds t o  a small tm-pircse upf low i n  the  

Wells Y-3 and Y-4 a t  Yellowstone are f b r t h e r  examples. 
A boiling-point p r o f i l e  i s  seen when a w e l l  apparent ly contains a column o f  

!" 
r, i+ 

\ later and some steam e n t e r  t h e  we l l ,  and f l o w  up, t o  be i n j e c t e d  h ighe r  up. 

Baca-4 

Combinations a re  possible.  A comnon one i s  an isothermal topped by a 

I f  a two-phase upflow i s  more vigorous, the f l u i d  i n  the  ne11 becomes mixed, 
L i q u i d  water enters  t h e  w e l l  and b o i l s  on i t s  way up. 
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and an interma2 discharge profile results. Baca-15 shows a nice example. 
lower down the well is  discharging - hence the characterist ic discharging 
pressure profile - but into a higher feed, not t o  surface. 
profile,  this one usually continues t o  wellhead. 
the measured pressure profile i s  no guide  t o  reservoir pressures. 
major permeability i s  perhaps a t  6000', near the casing shoe, w i t h  only niinor 
permeability below supplying the discharge. 
will be somewhat above the reservoir. Deeper i n  the well there is  a large . 
discrepancy. 
stone i n  hole Y-2. On occasion pressure chanoes 
due t o  exploitation have altered the vertical gradient a r o u n d  a well, causing i t  
t o  switch between these las t  three profiles. 
changes i n  the well are spectacular. 
here do also occur in petroleum (S.K. 'Sanyal, H.J. Ramey J r ,  W.E. Brigham, pers. 
conms.). 
t o  thelmal effects. 
parts of the same reservoir, not  dist inct  reservoirs. 

two-phase a t  the depth where fluid enters the well. 
reservoir detail .  
disguised. The dotted line for Baca-4, Figure 2 ,  i l lus t ra tes  this. 
were the reservoir temperature, no measurements in Baca-4 would show it. 
Broadlands and Wairskei this  has happened, the c o l d  zone la te r  revealing i t s e l f  
when pressure gradients i n i t i a t e  a downflow i n  the well of this  cold liquid. 
presence of  an upflow, a s  the stable-shut well s ta te ,  also identifies the reser- 
voir pressure gradient a s  superhydrostatic. Otherwise the well would not always 
i n i t i a t e  a n  upflow. 

I f  there < s  a subh.ydrosiatic pressure profile i n  the reservoir, a well 
stands shut w i t h  a liquid downflow, or  more cormonly w i t h  a steam cap profile. 
The well stands w i t h  a water column beneath a steam column. One subhydrostztic 
case i s  when the reservoir contains J steam cap - a vapor-dominated zone over a 
liquid-dominated one. A well penetrating this  stands w i t h  a steam cap profile;  
and i n  addition exhibits a dist inctive behavior on discharge. 
WHP) it  discharges only steam, and a t  higher flow a steam-water mixture. 
well is unstable over intermediate pressures (8). 
behavior,  which i s  discussed in greater detail elsewhere (10, pp.41-45). 

The definitive measurement of two-phase condition$ is  given by 
the measurement of discharge enthalpy. A well drawing from single-phase liquid 
("water-fed" well) produces a t  the enthalpy of liquid water a t  the temperature of 
the well's major feed (not  bottomhole). A two-phase well has a higher enthalpy. 
Two-phase wells usually have enthalpies which increase w i t h  flow rate  (Figure 3)  
and vary w i t h  time. Fake two-phase wells (those with separate single-phase steam 
and water entr ies)  are'recognised by the decrease of enthalpy w i t h  flow rate. 
Baca-11 and 15 are normal two-phase wells. 
enthalpies very near liquid water, and for these the best diagnosis of two-phase 
conditions i s  by the well profile. 
enthalpy of liquid water w i t h i n  t h e  range of downhole temperatures, is an example. 
There are wells a t  Wairakei which have far  years produced a t  the enthalpy of 
l i q u i d  water a t  the temperature of their  feed p o i n t ;  
dutifully followed the fall ing pressure along the saturation line. 
this are normally-near the liquid/two-phase boundary. 

Non-condensible gas can significantly d is tor t  the satura- 
t i o n  curve. 
t h a t  th i s  i s  the gas content of unboiled l i q u i d  phase. 
dioxide (12) a t  500-6OOOF means th i s  will exert a partial pressure of 260-190 psi ,  
and so a difference this  large may occur, i n  two-phase conditions, between 
pressure and SVP. 
steam phase, and cjas p a r t i a l  pressure fa l l s .  
ture are near saturation, this implies not  only i s  the well i n  two-phase, b u t  
t h a t  a significant steam fraction has formed. 

A feer, 

Like a boiling-point 
Because the well i s  discharging, 

A t  Baca-15 the 

If so, the pressure measured a t  6000' 

An internal discharge profile was found, and recognised, a t  Yellow- 
They are cornon a t  Broadlands. 

The pressure and temperature 
Internal or  crossflows such as described 

However, i n  the geothermal context they are exaggerated by the coupling 
And the short-circuit established by the well i s  between two 

The loiling-point and internal discharge profiles identify the reservoir as 

If there were a temperature inversion, i t  could be completely 
They also disguise other 

If t h a t  
A t  both 

The 

A t  low flow ( h i g h  
The 

No well a t  Baca shows t h i s  

DISCh!ARGE. 

Sometimes wells discharge a t  

Baca-4, w i t h  i t s  boiling-point profile and 

and that temperature has 
Wells l ike 

INFLUENCE: OF CAS. 
Baca-4 and 13 have about  0.8% carbon dioxide content, suggesting 

The solubili ty of carbon 

Once boiling occurs, gas  parti t ions preferentially into the 
I f  measured pressure and tempera- 

Because o f  the gas partial  
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pressure v a r i a t i o n s  caused by v a r i a b l e  steam f r a c t i o n ,  temperature may vary con- 
s i d e r a b l y  a t  t h e  same depth (and pressure). 
gas pressure, a t  t he  1230 p s i a  datum (about 3000' deep), t he  temperature i n  two- 
phase may be anywhere between 480OF and 560OF. 
f r a c t i o n s ,  and h ighe r  en tha lp ies  w i l l  be found i n  the cen t re  o f  t h e  two-phase 
zone. 

A t  Groadlands, w i t h  up t o  800 p s i  

Higher temperatures, h ighe r  steam 

f 

t BACA SECTIONS 
Fiaures 4 and 5 show two D lo ts  o f  data froin Baca. F igure 4 i s  a p l o t  o f  t h e  

r e s e r v o i r  pressure vs depth. 
pr imary feed, t h e  depth where pressure i s  con t ro l l ed .  This  depth i s  best found 
from dcl:.rnhole surveys as the  w e l l  i s  warming up a f t e r  d r i l l i n g  ( l o ) ,  and from 
i n j e c t i o n  surveys. As t h i s  data was n o t  ava i l ab le ,  l e s s  r e l i a b l e  est imates were 
made from the  s t a b l e  p r o f i l e s  and d r i l l i n g  records. For Baca-12 no guess cou ld  
be made, and f o r  Baca-13 i t  was n o t  poss ib le  t o  choose between two values. The 
p o i n t s  do f a l l  on a s i n g l e  l i n e ,  i n c l u d i n g  one o f  the two f o r  Baca-13. 
o f  t h e  l i n e  i s  0.34 p s i / f t ,  corresponding t o  water a t  500OF. 
r e s e r v o i r  temperature o f  500-6OO0F, t h i s  conf i rms the superhydrostat ic  gradient .  
The apparent pressure d i f f e rences  between the  we l l s  are expla ined by t h e  d i f f e r -  
i n g  feed depths, a t  which they contact  t he  rese rvo i r .  

F igure 5 i s  a c ross -sec t i on  along a l i n e  j o i n i n g  Baca-14 and 16. 
t u r e s  i r f l u e n c e d  by wel lbore mot ion cere ignored, and smooth contours drawn. 
Using t h e  r e s e r v o i r  pressure, t h e  b o i l i n g  p o i n t  f o r  water w i t h  0.8% CO2 i s  
p l o t t e d .  This  de f i nes  the  two-phase zone. 
As t h e  p l a n  isotherms (4)  i nd i ca te ,  there i s  a s t rong g rad ien t  a t  r i g h t  ancjles t o  
t h i s  sect ion.  
two-phase zone and f l u i d  enthalp ies i n  it. Baca-4 must be near the  soi l theast end 
o f  t h e  two-phase. A vapor zone i s  expected, from the  conceptual model. However, . 
no w e i l  i s  open t o  such a zone, which must l i e  c lose r  t o  surface. 

FIELD TEST 

Baca-10 responded, and t h i s  was used t o  o b t a i n  kh = 6000 md-f t ,  gh = 90 ft i n  a 
conf ined a q u i f e r  o f  l i q u i d  water, no boundaries o f  which had been found. Baca-4, 
15 and 36 gave no response. 
A f t e r  t h e  t e s t  t h e  f i e l d  recovered t o  w i t h i n  measurement e r r o r  o f  i t s  o r i g i n a l  
pressure. 

by t h e  presence o f  two-phase, which i s  some orders o f  magnitude more compressible 
than l i q u i d  water (13). 
(37 B t u / f t 3  OF), t h e  two-phase c o m p r e s s i b i l i t y  f o r  water-steam, a t  a pressure P 

For each we l l ,  an est imate OF guess was made o f  i t s  

The s lope 
Compared t o  t h e  

Tempera- 

Baca-11 and 15 a re  near t h e  centre.  

Temperatures increase t o  the  northwest, as w i l l  t h e  s i z e  o f  the 

s A f i e l d  sca le  i n t e r f e r e n c e  t e s t  was performed. Among t h e  mon i to r  we l l s ,  

Baca-36 might be ignored as i t  i s  unproduct ive.  

The nmresponse o f  Baca-4 and 15, and the t o t a l  f i e l d  recovery,  a re  expla ined 

For a volumetr ic heat capaci ty  o f  2.5 x l o 6  J/m3 OC 

ps i ,  i s :  
Q c t  = 280 P-'.66 psi - '  . 

Non-condensible gas decreases t h i s ,  and t h i s  e f f e c t  i s  here ignored. 
Q c t  = 0.0047 ps i - ' .  
expected. Consider Baca-15 responding t o  the  discharge o f  Baca-11. 
around 6000', so 750 p s i  i s  a representat ive pressure. I f  Q = 102, k = 66 md. 
Baca-11 discharged a t  720 Btu/ lb ,  which a t  5100F i s  33% steam. Assuming t h e  
f rac tu re - f l ow  r e l a t i v e  p e n n e a b i l i t i e s  (14), k r d  t k r s  = 1, t h e  v i s c o s i t y  o f  t he  
steam-water m ix tu re  i s  40.5 Pa.s = 0.04 cp. 
0.026 f t * / s ,  and t o  t r a v e l  t he  1600' between Baca-11 and Baca-15 takes t h r e e  
years. 
f i e l d  response i s  expected. 

pressure recovery.  
phase - i s  dominated by i t s  two-phase component. 
i s  6000' wide and 3000' deep. Igno r ing  the northwest extension, and t a k i n g  i t  as 
a cone, t h e  volume i s  3.6 x 1O1O f t 3 .  
i s  Q c t  = 0.003 psi". 

A t  750 p s i ,  

Both feed a t  
With such a l a r g e  c o n p r z s s i b i l i t y ,  no i n t e r f e r e n c e  i s  

F - .  
i This gives a d i f f u s i v i t y  o f  + 

There would probably be f a s t e r  t ransmission along p r e f e r r e d  paths, b u t  no 

The h i g h  c o m p r e s s i b i l i t y  o f  t he  two-phase a l so  expla ins the  f i n a l  f i e l d  
The c o m p r e s s i b i l i t y  o f  t he  t o t a l  system - l i q u i d  and two- 

The two-phase zone i n  F igure 5 

A t  an average 1000 p s i ,  t he  c o m p r e s s i b i l i t y  
Baca-11's discharge, o f  1320 Mlb a t  720 B tu / l b ,  r e f e r r e d  
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back t o  510°F, i s  440 Mlb steam and 880 Mlb water ,  occupying 9.4 x lo7 f t 3 ,  80% 
of which was steam. The production o f  Baca-G and Baca-13, l e s s  t he  injected 
f l u i d ,  i s  500 Ellb, occupying l o 7  f t3 .  
lo8 f t 3 ,  causing a pressure drop 

which is n o t  observable. This ca lcu la t ion ,  u s i n g  the two-phase compressibili t y ,  
i s  equivalent  t o  a heat and mass balance on the  two-phase zone. 

SUfWiRY 
Baca contains a liquid-dominated reservoi r ,  with no zones of abnormal 

pressure.  There i s  a two-phase zone penetrated by wel ls  4 ,  11 and 15, th is  zone 
beins surrounded by cooler  l i q u i d ,  except t o  the  northwest. The two-phase wells 
a r e  iden t i f i ed  by: s table-shut  p ro f i l e s ,  discharge enthalpy, and lack of 
interference.  

The t o t a l  volume los s  t o  the reservoir  i s  

AP = CV/V$ct = 0.9 psi 
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