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ABSTUCT 

A 1-D l i n e a r  h e a t  sweep model, developed t o  e v a l u a t e  
t h e  e x p e r i m e n t a l  d a t a  from t h e  SGP P h y s i c a l  Reser- 
v o i r  Nodel, i s  based on t h e  e q u a t i o n s  f o r  h e a t  
t r a n s f e r  from i r r e g u l a r- s h a p e d  rock  b locks  as a d i s -  
t r i b u t i o n  of s p h e r e s  having a s i n g l e  e f f e c t i v e  the r-  
mal c e n t e r .  A major  parameter  of t h e  model i s  t h e  
number of h e a t  t r a n s f e r  u n i t s ,  g i v e n  by t h e  r a t i o  of 
t h e  mean r e s i d e n c e  t i m e  of t h e  f l u i d  i n  one- 
dimens iona l  f low and t h e  rock  mass t i m e  cons r a n t .  
The mean r e s i d e n c e  t i m e  i s  e s t i m a t e d  from r e s e r v o i r  
pa ramete r s  and f l o w r a t e s ,  and t h e  rock  mass t i m e  
c o n s t a n t  is e s t i m a t e d  from thermal  p r o p e r t i e s  of t h e  
rock  type. The model h a s  been adap ted  t o  e v a l u a t e  
cold- water  r e c h a r g e  behav io r  i n  geothermal  reser- 
v o i r s  where r e s e r v o i r  t empera tu re  cooldown has  been 
observed from Na-K-Ca and S i 0 7  geothermometers. The 
f i r s t :  a p p l i c a t i o n  was a s t u d y  of t h e  wes te rn  bound- 
a r y  of t h e  o r i g i n a l  Cer ro  P r i e t o  f i e l d ,  where t h e  
observed cooldown could be matched by mixing of 
sweep water from t h e  west ,  p e r c o l a t i n g  water from 
above,  and ho t  water from t h e  e a s t ,  each  a t  i t s  
r e s p e c t i v e  t empera tu re .  A d d i t i o n a l  s t u d y  of t h e  
Cer ro  P r i e t o  f i e l d  is underway t o  obse rve  t h e  cool-  
down h i s t o r y  of  t h e  r e s e r v o i r  i n  r e l a t i o n  t o  t h e  
observed p i e z o m e t r i c  l e v e l  drawdown. A second 
a p p l i c a t i o n  i s  underway a t  t h e  Los Azufres  geo the r-  
mal f i e l d  as a series  of f o u r  h e a t  sweep a n a l y s e s  i n  
b o t h  t h e  n o r t h e r n  (2- phase) and s o u t h e r n  (mos t ly  
s t eam)  zones. 

INTRODUCTION 

A s i m p l e ,  one- dimensional l i n e a r  h e a t  sweep model 
(Hunsbedt ,  L a m ,  and Kruger ,  1983) has  been developed 
from a p h y s i c a l  model of a f r a c t u r e d  rock ,  hydro- 
the rmal  r e s e r v o i r  t o  estimate energy e x t r a c t i o n  
based on l i m i t e d  g e o l o g i c  and thermodynamic d a t a .  
The model was developed i n  t h r e e  phases. The f i r s t  
phase invo lved  lumped-parameter a n a l y s i s  (Hunsbedt, 
Kruger ,  and London, 1978) u s i n g  t h r e e  non- isothermal  
p r o d u c t i o n  methods: ( 1 )  p r e s s u r e  r e d u c t i o n  w i t h  in -  
p l a c e  b o i l i n g ;  ( 2 )  r e s e r v o i r  sweep wi th  i n j e c t i o n  of 
c o l d e r  wa te r ;  and ( 3 )  steam d r i v e  wi th  p r e s s u r i z e d  
f l u i d  p roduc t ion .  The r e s u l t s  i n d i c a t e d  t h a t  reser- 
v o i r  sweep w i t h  c o l d  water .  i n j e c t i o n  cou ld  
e €  f e c t i v e l y  enhance r e s e r v o i r  rock energy e x t r a c-  
t i o n .  

h e a t  t r a n s f e r  by t h e  r a t i o  of t h e  d i s t r i b u t i o n  of 
rock  b lock  s u r f a c e  areas and volumes. 

The t h i r d  phase was an exper imen ta l  v e r i f i c a t i o n  of 
t h e  model t o  p r e d i c t  ene rgy  e x t r a c t i o n  from a rock 
l o a d i n g  of r e g u l a r  geomet r i c  shaped rock b locks  of 
known t he rmal  p r o p e r t i e s  in t h e  SGP P h y s i c a l  Reser- 
v o i r  Model. A d e s c r i p t i o n  of t h e  exper imen t s  was 
g iven  by Hunsbedt e t  a l .  (1979) .  An a n a l y s i s  of t h e  
d a t a  wi th  t h e  1-D L i n e a r  Heat Sweep Xodel i s  g iven  
by Hunsbedt, Lam, and Kruger (1983) ,  and comparison 
t o  a n a l y s i s  by t h e  WLKOM geothermal  r e s e r v o i r  simu- 
l a t o r  of P ruess  (1983) i s  g i v e n  by Lam, Hunsbedt, 
and Kruger (1985). 

TYE 1-D LINEAR HEAT SWEEP MODEL 

The 1-D Linear  Heat Sweep Hodel e v a l u a t e s  t h e  d i f -  
f e r e n c e  i n  t empera tu re  between a d i s t r i b u t i o n  of 
r o c k  b locks  d e s c r i b e d  as a s p h e r i c a l  rock  of  equiva-  
l e n t  r a d i u s  a t  a lumped mean t empera tu re ,  T r ,  and 
t h e  su r round ing  pore  f l u i d  a t  a t empera tu re ,  T f ,  f o r  
a l i n e a r l y  d e c r e a s i n g  r e s e r v o i r  f l u i d  t empera tu re  as  

- e-t/ 'I) Tr - T = UT ( 1  - f 

where p = cooldown ra te  (C/h) 
T = t i m e  c o n s t a n t  f o r  t h e  rock (h )  

The second phase invo lved  development of a h e a t  
t r a n s f e r  model f o r  f r a c t u r e d  rock of i r r e g u l a r  shape  
and a r b i t r a r y  s i z e  d i s t r i b u t i o n .  Heat e x t r a c t i o n  
from an i r r egu la r- shaped  r o c k  t o  c o o l e r  su r round ing  
wa te r  was d e s c r i b e d  by Kuo, Kriiger, and Hrigham 
(1976)  i n  terms of h e a t  t r a n s f e r  Erom a sphere  OF.' . 

e q u i v a l e n t  the rmal  r a d i u s .  They showed t h a t  f o r  
rock  shapes  o v e r  a wide range  of l e n g t h  t o  wid th  
a s p e c t  r a t i o s ,  t h e  e q u i v a l e n t  r a d i u s  f o r  h e a t  t r a n s-  
f e r  can  be expressed  as t h e  product  of t h e  r a d i u s  of 
a s p h e r e  oE e q u a l  volume and a s p h e r i c i t y  f a c t o r  
g i v e n  by t h e  s u r f a c e  t o  volume r a t i o .  The model of 
h e a t  e x t r a c t i o n  from a s i n g l e  rock was extended t o  a 
d i s t r i b u t i o n  of  rock b lock  s izes  by I r e g u i ,  e t  a l .  
( 1979 ) .  'The d i s t r i b u t i o n  c a n  be approximated as ;I 

s p h e r i c a l  rock w i t h  e f f e c t i v e  thermal  r a d i u s  f o r  

Hunsbedt, Kruger ,  and London (1978) showed t h a t  t h e  
t i m e  c o n s t a n t  f o r  s p h e r i c a l  rock  b locks  can be 
expressed  as  

where Re = e q u i v a l e n t  rock  r a d i u s  (m) 
= t he rmal  d i f f u s i v i t y  of  t h e  rock  (m2/h) a 

NBi = Bio t  number of t h e  rock.  

The the rmal  d i f f u s i v i t y  is g i v e n  by 

( 3 )  

where k = thermal  condu t i v i t y  (J/hmC) 

C = s p e c i f i c  h e a t  (J /kgC) 

p = d e n s i t y  (kg/m 5 ) 

The Biot  number is g iven  by 

( 4 )  
Re 

NBi = - k 

where h = h e a t  t r a n s f e r  c o e f f i c i e n t  (J/hrn2C) 

From Equat ion I ,  t h e  Eluid t empera tu re  p r o f i l e  i n  
d imens ion less  space  and time over  t h e  l i nea r  sweep 
geometry shown i n  F igure  I i s  deEined as 
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where TE(x , t )  = water t empera tu re  a t  a d i s t a n c e  x 
from i n j e c t i o n  l i n e  a t  time t w i t h  r e f e r e n c e  t o  
i n i t i a l  r e s e r v o i r  t empera tu re  Ti and recharge  
water t empera tu re  T,. 

I n  F i g u r e  1, x* = X/L, t h e  r e l a t i v e  d i s t a n c e  from 
recharge  wells t o  p r o d u c t i o n  wells, and t* = t / t r eS ,  
r e l a t i v e  time r e f e r e n c e d  t o  t h e  mean f l u i d  r e s i d e n c e  
time. 

The d i f E e r e n t i a 1  e q u a t i o n  which d e s c r i b e s  h e a t  
t r a n s f e r  from t h e  e q u i v a l e n t  s p h e r i c a l  rock t o  t h e  
r e c h a r g e  f l u i d  under  L inea r  sweep wag summarized by 
Kruger (1983) as 

aTz aT; 
+ - + N (T; - T*) = q* ( 6 )  - 

ax* a t *  Y tu 

6, 
A 

S 

( X = O )  

Fig.  1. Geometr ic  schemat ic  of t h e  1-D L inea r  
where t h e  major pa ramete r s  de te rmin ing  t h e  f l u i d  Heat Sweep Model 
t empera tu re  p r o f i l e  are 

Ntu  = trFs/?, t h e  "number of h e a t  t r a n s f e r  

y = storage r a t i o  of ene rgy  i n  t h e  f l u i d  rel-  

q* = e x t e r n a l  h e a t  t r a n s f e r  parameter .  

u n i t s "  pa ramete r  

a t i v e  to  t h e  ene rgy  in t h e  r o c k  

The i n i t i a l  c o n d i t i o n  f o r  Equa t ion  6 is 

T; (x*,O) = T t  (x*,O) = 1 0 L x *  1 ( 7 )  

and t h e  boundary c o n d i t i o n  i s  

y ( O , t * )  = 0 t* > 0 (8 )  

The number of h e a t  t r a n s f e r  u n i t s  is a key parameter  
of t h e  model. For small  v a l u e s ,  e.g., Ntu 10, t h e  
r e s e r v o i r  is h e a t  t r a n s f e r  l i m i t e d ,  i n  which t h e  
h e a t  t r a n s f e r  rate from t h e  b lock  is n o t  s u f f i c i e n t  
t o  h e a t  t h e  r e c h a r g e  f l u i d  b e f o r e  p roduc t ion ,  
r e s u l t i n g  i n  e a r l y  d e c l i n e  i n  wel lhead f h i d  temper- 
a t u r e  and a r e l a t i v e l y  small f r a c t i o n a l  energy 
e x t r a c t i o n .  

The s o l u t i o n  to  Equa t ion  6 i s  i n i t i a t e d  by conver-  
s i o n  t o  a Lap lace  t r ans fo rm e q u a t i o n  of t h e  form 

TT(x*,t*) = r l i f ( x * , s )  ( 9 )  + 
1 *  -KX*s where Tf(x*,s) = [S  + L ] [ l - e  ] 2 Ks 

and K = 1 + -$ Y s / N  l l  + 1 
t u  

The i n v e r s i o n  is accomplished numer ica l ly  w i t h  t h e  
a l g o r i t h m  r e p o r t e d  by S t e h f e s t  (1970) :  

n 

Exp lana t ion  of t h e  model i n  a n a l y s i s  of t h e  SGP 
P h y s i c a l  Model d a t a ,  i n p u t  d a t a  r equ i rement s ,  and 
o u t p u t  fo rmat s  i s  g i v e n  i n  Hunsbedt, L a m ,  and Kruger 
(1983) .  

APPLICATIONS 

S i n c e  a p p l i c a t i o n  O E  t h e  model to a s s i s t  i n  t h e  
a n a l y s i s  o f  t he  exper imen ta l  d a t a  from t h e  SGP Phys- 
i c a l  Rese rvo i r  Model and t h e  h y p o t h e t i c a l  r e s e r v o i r  
s t u d y  t o  i l l u s t r a t e  i t s  u s e  i n  t h e  Manual, t h e  1-0 
L i n e a r  Heat Sweep Model h a s  been a p p l i e d  a t  two 
Mexican geothermal  f i e l d s .  

The f i r s t  e x t e r n a l  a p p l i c a t i o n  was ;i s t u d y  oE t h e  
cooldown h i s t o r y  a t  the wes te rn  boundary of  t h e  

o r i g i n a l  Cer ro  P r i e t o  r e s e r v o i r  (CPI) r e p o r t e d  by 
Kruger e t  a l .  (1985). In t h i s  s t u d y  t h e  sweep of 
c o o l e r  water From t h e  o u t e r  wes te rn  zone of t h e  
r e s e r v o i r  was modeled as a s l a b  of h o t  rock based on 
t h e  c r o s s- s e c t i o n  of Halfman e t  a l .  (1982) which 
shows a sands tone  l a y e r  from t h e  west approx imate ly  
a t  t h e  d e p t h  of t h e  westernmost  p roduc t ion  wells and 
a f a u l t  n e a r  a non- product ive s t e p o u t  w e l l  t o  t h e  
wes't. The c r o s s- s e c t i o n  a l s o  shows a f a u l t  d i v i d i n g  
t h e  wes te rn  l i n e  of wells from t h e  nex t  i n n e r  w e l l s  
t o  t h e  east c l o s e r  t o  t h e  c e n t r a l  upflow s o u r c e  of 
h o t  water. From l i t e r a t u r e  va lues  of sweep 
geometry,  downhole t empera tu re  measurements a t  t h e  
s t e p o u t  w e l l ,  and thermal  p r o p e r t i e s  of s a n d s t o n e ,  
t h e  r e s u l t s  of t h e  1-D L i n e a r  Heat Sweep Yodel i n d i-  
c a t e d  t h a t  s i g n i f i c a n t  thermal  ene rgy  was con ta ined  
i n  t h e  wes te rn  o u t e r  zone and t h a t  cooldown t o  aban- 
donment t empera tu re  could be expec ted  i n  a p e r i o d  of 
25 t o  60 yea r s .  

Over t h e  10-year pe r iod  of con t inuous  p roduc t ion  a t  
Cerro P r i e t o ,  a s i g n i f i c a n t  t empera tu re  d e c l i n e  h a s  
been observed a t  the  wes te rn  l i n e  of wells. From 
r e p o r t e d  chemical  and the rmal  changes w i t h  produc- 
t i o n ,  Grant  and O ' S u l l i v a n  (1982) cons ide red  t h e  
r e s e r v o i r  as a l e a k y  a q u i f e r  and a t t r i b u t e d  one 
q u a r t e t  to  one h a l f  of t h e  r echarge  t o  p e r c o l a t i o n  
of f r e s h  water from c o o l e r  rocks  above t h e  
r e s e r v o i r .  From t h e  accumulated chemical  and 
p roduc t ion  d a t a b a s e ,  Gran t ,  T r u e s d e l l ,  and Man'on 
(1984) sugges ted  t h a t  t h e  wes te rn  p a r t  o f  the upper  
a q u i f e r  was e s s e n t i a l l y  unbounded and t h a t  t h e  
r e s e r v o i r  r e sponse  t o  con t inued  f l u i d  e x t r a c t i o n  is 
d i l u t i o n  by mixing wi th  c o l d e r  water. 

To examine t h e  assumption of l i n e a r  r echa rge  sweep, 
t h e  l a r g e  d a t a b a s e  f o r  t h e  wes te rn  l i n e  of wells was 
ana lyzed  t o  o b t a i n  a n  "observed" cooldown h i s  t o r y  
o v e r  t h e  p roduc t ion  p e r i o d  and compared t o  t h e  
"observed"  cooldown h i s  t o r y  of t h e  ne ighbor ing  i n n e r  
l i n e  of wells on t h e  o t h e r  s i d e  of t h e  f a u l t  i n d i-  
c a t e d  by Halfman e t  a l .  (1982). For each of t h e  two 
l i n e s  of wells,  d a t a  were compiled as six-month 
ave raged  va lues  of wel lhead p r e s s u r e ,  l i q u i d  and 
steam f l o w r a t e s ,  wel lhead f l u i d  e n t h a l p y ,  and chemi- 
c a l  components Na, K, C a ,  SiOz, and C1. The 
c h l o r i d e  v a l u e s  were used as a sample q u a l i t y  check 
f o r  t h e  geothermometer components. From t h e s e  d a t a  
mean v a l u e s  were c a l c u l a t e d  f o r  r e s e r v o i r  tempera- 
t u r e  by t h e  Ha-K-Ca method oE Fouru ie r  and T r u e s d e l l  
(1973) and t h e  S i 0 2  method o f  Fourn ie r  and P o t t e r  
(1982). The r e s u l t i n g  t empera tu re  cooldown h i s-  
t o r i e s  OF t h e  two l i n e s  of wells are  shown i n  F igure  
2.  The r e s u l t s  of l i n e a r  and exponent ia l .  r e g r e s s i o n  
a n a l y s i s  of t h e  d a t a  are g i v e n  i n  Tab le  1. The d a t a  
showed a coininon i n i t i a l  r e s e r v o i r  t empera tu re  of 
abou t  295°C. The l i n e a r  cooldown rate  € o r  t h e  bor- 
d e r  wells oE -2.3 C/y i s  d e c i d e d l y  s t e e p e r  than t h e  
va lue  of -1.0 C/y f o r  t h e  i n n e r  l i n e  oE w e l l s .  

Rased on t h e s e  r e s u l t s ,  t h e  1-D L inea r  Heat Sweep 
Nodel was modif ied t o  i n c l u d e  a un i fo rmly  
d i s t r i b u t e d  s o u r c e  of c o l d  p e r c o l a t i n g  wa te r  f roin 
above.  F i g u r e  3 shows a schemat ic  oE a mixing model 
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Tab le  1 

TEMPERATURE COOLDOWN ANALYSIS 

We 11 head 

Bottom h o l e  

R e s e r v o i r  

Border  Wellst I n n e r  Wells t t 
T~ LCDR* a** r 2  T~ LCDR ?I r 2  

o---- ("C/Y) (y-') ( " C )  ("C/y> ( Y - 9  

176 -0.3 -0.002 0.28 186 -0.45 -0.003 0.06 

270 -3.0 -0.012 0.99 271 -1.57 

295 -2.3 -0.008 0.92 293 -1.0 

t M43, -9, Ly30, M35 
* l i n e a r  cooldown r a t e '  

160' 
L 0 Boraar wain 

230' 

300 t 

Fig.  2.  C P I  observed we l lhead ,  bot tomhole,  and 
r e s e r v o i r  t empera tu re  h i s t o r i e s .  

f o r  combined f lows  of h o r i z o n t a l  sweep from t h e  
west, v e r t i c a l  p e r c o l a t i o n  recharge  from above,  and 
hot- water  r echa rge  from t h e  eas t ,  e a c h  w i t h  i t s  
s o u r c e  t empera tu re .  F i g u r e  4 shows the  r e s u l t s  of 
t h e  a n a l y s i s  based on  t h e  g e o l o g i c a l  a n a l y s i s  of 
Cob0 ( p r i v a t e  communication) and p e r c o l a t i n g  water 
t empera tu re  of 52" C e s t i m a t e d  by Castaneda e t  a l .  
(1983) .  The S t e h f e s t  Lap lace  i n v e r s i o n  a l g o r i t h m  
was compared t o  t h o s e  of Crump (1976) and P i e s s e n s  
and Branders  (1971) .  The s imula ted  and observed 
cooldown curves  were a d e q u a t e l y  matched f o r  t h e  d i s -  
t r i b u t i o n  o f  component f lows  g i v e n  in Table  2. 

Injection Production 

T~~~ In ject ion  I- 
L 

T i m e  Time 

Hot Wotrr F low P 
I 

T i m e  

Fig. 3. Schematic  of t h e  1-D l i n e a r  h e a t  sweep 
model f o r  C P I  a n a l y s i s .  

-0.006 0.63 

-0.003 0.69 

t t  Ml1, M19A, M25, ~5131, .U?6 
** e x p o n e n t i a l  cooldown c o n s t a n t  

F u r t h e r  a p p l i c a t i o n s  are underway a t  t h e  Cerro 
P r i e t o  and Los Azufres  f i e l d s  i n  biexico. A t  t h e  
Cer ro  P r i e t o  f i e l d ,  t h e  1-D Heat Sweep Model i s  
be ing  a d j u s t e d  f o r  r a d i a l  f low i n  an a t t e m p t  t o  
match t h e  t empera tu re  cooldown h i s t o r y  of the  CPI 
r e s e r v o i r  as a series of c o n c e n t r i c  r i n g s  around t h e  
c e n t e r  w e l l  as d e f i n e d  by t h e  p i e z o m e t r i c  l e v e l  
drawdown r e p o r t e d  by Szfnchez and d e  l a  PeEa 
( 1981). Mean r a d i a l  t empera tu re  d e c l i n e s  are being 
c a l c u l a t e d  from t h e  geochemical  d a t a  f o r  15 w e l l s  i n  
t h r e e  r a d i i  about  t h e  c e n t r a l  w e l l .  These tempers- 
t u r e  cooldown h i s t o r i e s  may be matched by a mixing 
model of  h o r i z o n t a l  sweep, v e r t i c a l  p e r c o l a t i o n ,  and 
upflow from t h e  hot- water  zone. 

A t  t h e  Los Azufres  E i e l d  a series of f o u r  sweep 
cases are underway t o  examine t h e  p o t e n t i a l  f o r  
cold- water  b reak th rough  i n  t h e  undeveloped areas of 
the  f i e l d  i n  p r e p a r a t i o n  f o r  r e i n j e c t i o n  s i t i n g  € o r  
f u t u r e  wel lhead and central  power p l a n t s .  The f o u r  
r e s e r v o i r  s t u d y  zones are 

( 1 )  Az-31 ( i n j e c t o r )  t o  Az-26 (p roducer )  i n  t h e  
e a s t e r n  p a r t  of t h e  s o u t h  zone 

(2 )  Az-8 ( i n j e c t o r )  t o  Az-2 (p roducer )  i n  t h e  
wes te rn  p a r t  of t h e  s o u t h  zone 

( 3 )  Az-15 i n j e c t i o n  p a s t  f u t u r e  p roduc t ion  
wells i n  t h e  n o r t h  zone 

( 4 )  55-MWe power- plant system of 15 p roduc t ion  
wells and 4 i n j e c t i o n  w e l l s  i n  t h e  s o u t h  zone. 

I I I I 1 

w I- 

z 
0 
V a 240- 

a 

I I I I 1 I 
IO 20 3 J 4 0  5 0 6 0  

220; 

TIME (yeon)  

Fig .  4 .  Comparison of s imula ted  and observed 
p roduc t ion  t empera tu re  cooldown. 
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Tab le  2 

RESULTS OF COOLDOWN HISTORY MATCH 

I n p u t  
Tempe r a t u r  e 

Component ("C) 

P e r c o l a t i o n  52 

Sweep 150 

Hot Water T ~ ~ + A T  e-'' 
( s e e  Tab le  1) 

A l a r g e  v a l u e  a l r e a d y  ach ieved  i n  t h i s  p r o j e c t  is  
t h e  d e c i s i o n  making f o r  problem d e f i n i t i o n .  Each of 
t h e  f o u r  problems r e q u i r e d  c o m p i l a t i o n  of estimates 
f o r  a range of r e a s o n a b l e  v a l u e s  f o r :  ( 1 )  g e o l o g i c  
s t r u c t u r e  of t h e  r e s e r v o i r  zone; ( 2 )  f low c h a r a c t e r-  
is t ics  i n  t h e  zone; ( 3 )  i n i t i a l  r e s e r v o i r  tempera- 
t u r e ;  ( 4 )  r e c h a r g e  water t empera tu re ;  and ( 5 )  the r-  
mal p r o p e r t i e s  of  t h e  r e s e r v o i r  fo rmat ion .  The 
o u t p u t  of  t h e s e  sweep s i m u l a t i o n s  w i l l  be t h e  ca lcu-  
l a t e d  cooldown h i s t o r y  t o  e v a l u a t e  the  s e n s i t i v i t y  
O E  t h e  parameter  c h o i c e s  f o r  r e s e r v o i r  , s t r u c t u r e ,  
geometry,  the rmal  p r o p e r t i e s ,  and production- - 
r e c h a r g e  c o n d i t i o n s .  The s i m u l a t i o n s  shou ld  provide 
a n  estimate o f  h e a t  e x t r a c t a b i l i t y  t o  a n  abandonment 
we l lhead  f l u i d  t empera tu re  of 170°C. 
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