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ABSTRACT. 

A published method f o r  c a l c u l a t i n g  ex- 
cess steam i s  modified i n  order  t o  make 
it app l i cab le  t o  the  case of a w e l l  
producing f l u i d  with a high non-conden- 
sab le  gas content .  The method i s  ap- 
p l i e d  t o  da ta  from a number of w e l l s  
from L o s  Azufres. The r e s u l t s  show the  
expected l i n e a r  r e l a t i o n  between excess 
steam and t h e  molar f r a c t i o n  of C02 i n  
t h e  t o t a l  discharge.  The modified meth- 
od a l s o  provides an estimate f o r  t h e  
molar f r a c t i o n  of C02  i n  t h e  l i q u i d  
phase of t h e  r e se rvo i r .  It i s  found 
t h a t  t h i s  concentra t ion  i s  r e l a t i v e l y  
homogeneous i n  t h e  southern sec t ion  of 
t h e  f i e l d ,  and seems t o  be s l i g h t l y  
smaller  i n  t h e  deeper zones of t h e  
northern sec t ion .  The ca lcu la ted  val-  
ues of excess steam agree q u a l i t a t i v e l y ,  
but  n o t  q u a n t i t a t i v e l y ,  with values  of 
steam q u a l i t y  i n  t h e  undisturbed res- 
e r v o i r  ca lcu la ted  by o the r  authors .  
The c a l c u l a t i o n  of excess steam tends 
t o  overest imate steam q u a l i t y  i n  cases  
where steam s a t u r a t i o n  i n  the  r e s e r v o i r  
i s  low, and has t h e  opposi te  tendency 
when the  steam q u a l i t y  i n  t h e  r e s e r v o i r  
i s  high. The f i r s t  type of d e v i a t i o n i s  
explained i n  t e r m s  of the  e f f e c t s  of 
higher mobi l i ty  of steam i n  the  two- 
phase zone induced by pressure  drawdown. 
The second type of dev ia t ion  i s  ex- 
pla ined a s  t h e  r e s u l t  of b o i l i n g  o f l i q -  
u id  phase, and the  consequent add i t ion  
of(non-condensab1e)gas-poor steam t o  
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t h e  flowing mass, a l s o  caused by the  
pressure  drawdown. A necessary exten- 
s ion  of the  reasoning leading t o  these  
explanat ions ,  is  t h e  p red ic t ion  t h a t  the 
non-condensable gas content  i n  f l u i d s  
produced from a r e s e r v o i r  with a high 
steam s a t u r a t i o n ,  w i l l  e i t h e r  remain 
s t a b l e  o r  decrease with time during ex- 
p l o i t a t i o n .  

INTRODUCTION. 

The Los Azufres f i e l d ,  loca ted  a top a 
mountain range,  covers an extens ion of 
about 30 Km2. The a l t i t u d e o f  wellhead6 
i s  i n  the  range of 2800-3000 meters 
above sea  l e v e l .  The surraunding val-  
l e y s  l i e  about 500 meters below. The 
Los Azufres r e s e r v o i r  i s  a hydrolo- 
g i c a l l y  complex system (IgLesias e t  a l ,  
1985; Nieva e t  a l ,  1983) whose geometry, 
as it appears from a mapping of hydro- 
thermal a l t e r a t i o n  minera ls ,  could be 
described a s  a dome s t r u c t u r e  d i s t o r t e d  
by t w o  zones of upward c i r c u l a t i o n  (Ca- 
the l ineau e t  a l ,  1985; 1983). Thesetwo 
zones give rise t o  t h e  two a reas  o f s u r -  
face manifes ta t ions ,  Maritard i n  t h e  
nor th  and Tejamaniles i n  t h e  south,  
where m o s t  of t h e  w e l l s  have been d r i l -*  
l ed .  One p a r t i c u l a r  f e a t u r e  of Los A z w  

f r e s  f i e l d  i s  the  enormous v a r i a b i l i t y  
i n  non-condensable gas concentra t ion  i n  
t o t a l  discharge from one w e l l  t o  anoth- 
er.  This v a r i a b i l i t y  cover5 a range of 
almost two o rde r s  of magnitud. The 
l a r g e s t  d i f f e rences  a r e  those found 
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between deep w e l l s  of the  northern sec- 
t i o n  and t h e  shallower w e l l s  of t h e  
southern sec t ion .  

Giggenbach (1980) and D’Amore and C e l a t i  
(1983) have devised similar methods t o  
c a l c u l a t e  t h e  f r a c t i o n a l  molar contr ib-  
u t i o n  of equi l ibr ium r e s e r v o i r  steam 
phase t o  t h e  t o t a l  discharge producedby 
a w e l l .  This parameter has come t o  be 
known a s  t h e  “y value”  (Giggenbach, 
1980),  steam f r a c t i o n  (D’Amore and C e l a -  
ti, 1983) o r  excess steam (Truesdel l  e t  
a l ,  1984; Nieva e t  a l l  19821, and has 
been i n t e r p r e t e d  by some authors  a s  an 
es t imate  of t h e  r e s e r v o i r ’ s  i n  s i t u  
steam molar f r a c t i o n ,  from which t h e  
steam q u a l i t y  could be r e a d i l y  obtained.  
Heretofore t h i s  parameter s h a l l  be re- 
f e r r e d  t o  as excess  steam, and expressed 
a s  a percentage r a t h e r  t h a n a s  f r a c t i o n .  
I n  t h i s  con t r ibu t ion  w e  w i l l  descr ibe  a 
modificat ion t o  t h e  procedure of Gig- 
genbach (1980) t h a t  makes it app l i cab le  
t o  t h e  case of a w e l l  wi th  a high con- 
t e n t  of non-condensable gases  i n  i t s  to-  
t a l  discharge.  The v a r i a b i l i t y  i n  t o t a l  
discharge compositions from Los Azufres 
w i l l  be i n t e r p r e t e d  i n  t h e  l i g h t  of the  
concept of  excess  steam, and t h e  ques- 
t i o n  of t h e  r e l a t i o n  between excess  
steam and i n  s i t u  steam q u a l i t y  w i l l  be 
addressed. 

THE CONCEPT OF EXCESS STEAM. 

The excess steam or “y value”  i s  calcu-  
l a t e d  from t h e  apparent  d i s t o r t i o n  i n  
t h e  r e l a t i v e  propor t ions  of spec iespa r -  
t i c i p a t i n g  i n  t h e  Fischer-Tropsch reac- 
t i o n  (o r  any r e a c t i o n  purported t o  b e i n  
equi l ibr ium i n  the  uperturbed reservoir) ,  
assuming t h a t  t h e  t o t a l  flow en te r ing  
t h e  wellbore i s  made up of a mixture of 
r e s e r v o i r  l i q u i d  and steam phases, each 
having kept  t h e  chemical composition it 

had a t  equi l ibr ium (Giggenbach, 1980).  
To f u r t h e r  c l a r i f y  t h i s  concer)t, use 
w i l l  be made of Figure 1 w h e r e  t w o  hy- 
p o t h e t i c a l  cases  a r e  presented.  I n  t h e  
f i r s t  case  it i s  considered t h a t  a u n i t  
mass of r e s e r v o i r  l i q u i d  is t r anspor ted  
t o  t h e  wellhead. Even though a steam 
phase would develop because of decom- 
press ion,  a s  long as t h e  chemical com- 
p o s i t i o n  of t h e  u n i t  mass remains un- 
changed, one would c a l c u l a t e  an excess 
steam value of zero. In  t h e  second 
case it i s  considered a u n i t  mass 
composed of 1 0 %  (w/w)  steam and 90% 
(w/w) l i q u i d ,  each phase having t h e  
chemical composition corresponding t o  
r e s e r v o i r  equi l ibr ium condi t ions .  Again, 
i f  t h i s  u n i t  mass reached t h e  wellhead 
without any change i n  i t s  chemical com- 
pos i t ion  (al though with a change i n  t h e  
r e l a t i v e  propor t ions  of s tem and l i q u i d  
phases) one would c a l c u l a t e  an excess  
steam value of t e n  percent .  These exad- 
p l e s  might l ead  t o  t h e  b e l i e f  t h a t  the  
ca lcu la ted  excess  steam i s  indeed a 
measure of  steam s a t u r a t i o n  i n  t h e  res- 
e r v o i r .  However, as w i l l  be discussed 
l a t e r ,  it i s  probably i n c o r r e c t  i n  most 
cases  t o  assume t h a t  a u n i t  mass could 
be t r anspor ted  t o  t h e  wellhead without 
any change i n  i t s  chemical composition. 

CONCEPT OF EXCESS STEAM 

RESERW I R WELLWRE ENTRANCE 

108 EXCESS JTEAU: 

STEAU AT EQUIZIB- 
Rxull 

Figure 1. Idea l i zed  schematic t r a n s f e r  
of  u n i t  mass from r e s e r v o i r  
t o  wellhead. 
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PROCEDURE FOR CALCULATING EXCESS STEAM. 

It was found necessary t o  modify t he  
procedure of Giggenbach (1980) i n  order  
t o  make it appl icab le  t o  t he  case of 
w e l l s  wi th high excess  steam. Specif-  
i c a l l y ,  two simplifying assumptions 
b u i l t  imp l i c i t y  i n  the  o r i g i n a l  proce- 
dure had t o  be e l imina ted .  One i s  the  
assumption t h a t  t he  molar f r a c t i o n  of 
C02 i s  neg l ig ib l e  compared t o  t h a t  of 
H20 i n  the  steam phase. The o the r  i s  
the  assumption t h a t  the  concent ra t ionof  
C02 i n  t he  l i q u i d  phase of t h e  reser- 
vo i r  is  approximately t he  same a s  t he  
concentrat ion i n  t he  t o t a l  discharge.  
Since it is  unnecesary t o  repea t  the  
de r iva t ion  of t he  e n t i r e  procedure, t he  
modif icat ions w i l l  be descr ibed by mak- 
ing  d i r e c t  re fe rence  t o  p e r t i n e n t  equa- 
t i o n s  i n  t he  ar t ic le  of Giggenbach 
(1980). I n  order  t o  e l imina te  t he  f i r s t  
assumption, it i s  necessary and s u f f i -  
c i e n t  t o  c o r r e c t  t he  expression f o r  t he  
molar f r a c t i o n  of spec ies  i i n  thes team 
phase, and t o  ca r ry  out  a l l  the  conse- 
quent a lgeb ra i c  modif icat ions i n  the  
der iva t ion .  The c o r r e c t  expression t o  
be used in s t ead  of Equation 8 of t he  
c i t e d  re fe rence  is: 

Bi '1,i 
'v , i= 

1+BC02 x1 , co2 
Bi '1,i 

'v , i= 
1+BC02 x1 , co2 

where XvIi  and X l , i  are the  molar f r ac-  
t i o n s  of spec ies  i i n  t he  steam and 
l i q u i d  phases,  r e spec t ive ly ,  and Bi i s  
the  p a r t i t i o n  c o e f f i c i e n t  between steam 
and l i q u i d  of spec ies  i ,  a s  def ined i n  
t he  c i t e d  re fe rence .  

A f t e . r  ca r ry ing  through the  necessary 
a lgebra ic  modif icat ions,  t he  following 
expression i s  obtained as a s u b s t i t u t e  
of Equation 27 of the  c i t e d  reference:  

X 4  B 4 p2 
X d,C02 d,H2 C02 BH2 DCH4 H20 

K =  +1 + A  C - 
'd,CH4 BCH4 D- C02 D- H2 

where 

and 

(4') 

I n  these  equat ions,  as i n  t he  c i t e d  r e f -  
erence,  X d I i  r epresents  t he  molar f r ac -  
t i o n  of spec ies  i i n  t h e  t o t a l  discharge 
KC is  the  value of t h e  equi l ibr ium cons- 
s t a n t  of t he  Fischer-Tropsch r eac t ion  i n  
the  gas phase and a t  the  r e se rvo i r  temper 

aturet 'H 0 is  the  p a r t i a l  pressure of 
water a t  t h i s  temperature,  bnd the  par-  
ameter y is  the  excess  stem expressed 
a s  the  molar f r a c t i o n .  It should be 
mentioned t h a t  i n  our procedure t he  to-  
t a l  pressure i s  ca l cu l a t ed  f o r  t he  l o c a l  
r e se rvo i r  temperature,  and not  f o r  t h e  
temperature of the  deeper p a r t  of the  
r e se rvo i r  ( r e f :  Equation 26 of c i t e d  
r e f e r ence ) .  

2 

Equation ( 2 )  could be rearranged so as 
t o  separa te  t he  y-dependent terms on one 
s i d e ,  and then an i t e r a t i v e  ha l f - i n t e r -  

Val o r  Newton-Raphson procedure could 
be used t o  ob t a in  t he  value of y. After  
ob ta in ing  the  value of y,  a mass balance 
f o r  C 0 2  could be made as follows: 

By combining Equations (1) and ( 5 )  one 
can ob ta in  t he  value of X t he  

molar f r a c t i o n  of C02  i n  t he  l i q u i d  
phase of t he  r e se rvo i r .  I n  genera l ,  

1,C02' 
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t h i s  value w i l l  be q u i t e  d i f f e r e n t  than 
the  value of Xd,  co , which was used a s  

2 
a f i r s t  approximation of X t o  es- 

timate the  pressure  i n  t h e  r e se rvo i r .  
I n  order  t o  ob t a in  a s e l f- cons i s t en t  
r e s u l t  ( ie  t o  e l imina te  t h e  second as-  
sumption mentioned above) ,  it i s  neces- 
sa ry  t o  r epea t  t he  above procedure, but  

1 I co2 

now using the  ca l cu l a t ed  value of X 
1, co2 

The procedure is d,C02' i n s t ead  of X 

repeated seve ra l  t i m e s ,  each time using 
the  l a s t  ca l cu l a t ed  value of X 

u n t i l  a s e l f  cons i s t en t  r e s u l t  i s  ob- 
ta ined ,  which usua l ly  occurs  a f t e r  t h r e e  
or four  i t e r a t i o n s .  

1 ,CO2 '  

LOS AZUFRES. OBSERVATIONS AND RESULTS. 

Table I p re sen t s  gas composition d a t a  
f o r  separated steam from a number of 
w e l l s  from Los Azufres f i e l d .  Also 
presented are the  steam separa t ion  t e m-  
pe ra tu re ,  t he  mass f r a c t i o n  of steam and 
the  est imated r e s e r v o i r  temperature.  

The Table conta ins  enough information 
t o  c a l c u l a t e  t he  concentrat ion of each 
gaseous spec ies  i n  t h e  t o t a l  discharge,  
with t he  use of t h e  appropr ia te  p a r t i -  
t i o n  c o e f f i c i e n t s  a t  t h e  separa t ion  
temperature.  

The app l i ca t i on  of t he  procedure de- 
scr ibed  above y i e l d s  t he  values of ex- 
cess steam presented i n  Table 2 .  Also  

shown are t h e  molar f r a c t i o n s  of C02 i n  
t he  t o t a l  discharge and i n  t he  l i q u i d  
phase of t h e  r e se rvo i r .  A t  t he  reser- 
vo i r  temperatures shown i n  Table 1, C02 

p a r t i t i o n s  very favorably i n t o  t he  steam 
phase, and the re fo re  it could be con- 
s idered  t o  be a marker o r  t r a c e r o f  t h i s  
phase. One would then expect a l i n e a r  
c o r r e l a t i o n  t o  e x i s t  between excess  
steam and t h e  molar f r a c t i o n  of C02 i n  

t he  t o t a l  discharge.  Figure 2 demon- 
s t r a t e s  t h a t  t h i s  i s  indeed the  case .  
I n  t h i s  Figure t he  quadrangles enclose 
t h e  area of uncer ta in ty  i n  t h e  l oca t ion  
of t h e  da t a  po in t ,  considering uncer- 
t a i n t i e s  of f 5 O C  i n  t he  est imated 
r e se rvo i r  temperatures,  and 5% i n  t h e  
analyzed non-condensable gas concentra-  
t i o n  i n  t he  t o t a l  discharge.  

Figure 3 shows a p l o t  of t h e  ca l cu l a t ed  
molar f r a c t i o n  of C02 i n  t he  l i q u i d  
phase of t he  r e se rvo i r  versus t he  cal- 
cu la t ed  excess  steam. There seems t o  
be no c o r r e l a t i o n  between these  two 
parameters,  and t h e  r e s u l t s  show t h a t  
t he  concentrat ion of C02  i n  t he  l i q u i d  
phase i s  r e l a t i v e l y  homogeneous. The 
only clear devia t ions  toward lower va l-  
ues are those of w e l l s  A-28, A- 19 and 
A-9. 
e rn  s ec t ion  of t he  f i e l d ,  whereas t he  
rest are i n  t he  southern s ec t ion  (see 
map i n  Nieva e t  a l ,  1983, ok C a t h e l i n e 4  
e t  a l l  1985). This observat ion,al thoug 

based on only those  t h r e e  ceses, would 
tend t o  i n d i c a t e  t h a t  t he  gas concen- 
t r a t i o n  i n  t he  l i q u i d  phase i s  l a r g e r i d  
t he  southern s ec t ion  than i n  t he  north-  
e rn  s ec t ion .  The ho r i zon ta l  l i n e  i n  , 
Figure 3 marks t he  average value of 2 X I  

t h e  l i q u i d  phase. 

These w e l l s  are found i n  t he  no r t2  

P 

f o r  t he  molar f r a c t i o n  of C02 i n  

I f  t he  molar f r a c t i o n  of C02  i n  t he  l i q c  
u id  phase i s  known, t han ,by  considering 
a simple mixing model, one could calcu-  
l a t e  t he  r e l a t i v e  proport ions of reser- 
v o i r  l i q u i d  and steam phases which make 
up t h e  t o t a l  discharge.  This  can be 
done by using Equations (1) and (5)  , and 
obta in ing  the  value of y ( i e  the  excess 
steam). These ca lcu la t ionswere  c a r r i e d  
out ,  using f o r  every w e l l  t he  value of 
2 x f o r  the  molar f r a c t i o n  of C02 
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TABLE 1 

COMPOSITION OF SEPARATED STEAM 
FROM LOS AZUFRES WELLS 

MOLAR FRACTION X 1000 
H20-FREE BASIS 

Tres 
OC 

H2 CH4 N2 NH3 X C02 H2S 
f S  9 

WELL Ts 

OC 

A-16AD 172.0 0.900 12.04 980.6 9.78 3.838 0.136 4.191 1.474 260 
A-17 172.0 1.000 21.51 982.5 11.61 3.208 0.282 1.760 0.635 260 
A-18 150.0 0.497 32.26 990.3 5.89 0.952 0.093 1.960 0.783 270 
A-22 190.0 0.432 4.74 963.3 24.50 8.519 0.144 2.009 1.535 300 
A-33 206.0 0.842 27.57 986.6 7.64 1.956 0.610 2.424 0.815 263 
A-34 194.0 1.000 45.28 988.6 5.56 2.443 0.882 2.166 0.361 260 
A-35 192.0 0.826 14.89 975.2 12.52 6.707 0.579 4.110 0.886 274 
A-36 150.0 0.742 14.39 980.6 11.30 4.176 0.097 2.900 0.876 292 
A-38 205.0 1.000 24.41 984.9 7.54 3.093 0.462 3.654 0.312 270 
A-9 148.0 0.483 2.10 920.1 62.30 7.412 0.385 1.083 8.685 310 
A-17 176.0 1.000 14.37 982.4 12.38 1.631 0.111 0.966 2.539 260 
A-19 145.0 0.437 1.14 865.6 95.75 18.269 0.236 4.081 16.064 290 
A-22 197.0 0.422 8.16 978.6 15.25 3.660 0.031 0.551 1.950 300 
A-28 169.0 0.364 0.92 872.9 83.45 24.993 0.396 2.708 15.584 300 
A-36 148.0 0.667 17.31 984.2 9.67 2.164 0.231 2.328 1.391 292 
SYMfBIS: Ts = Steam separation -at-; fs = Steam weight fraction in totdl 

3 75 

0 
0 
X 

0 

2 . 5 0  
0 U 

X 

1.25 

0 

discharge; X = Milimles of m-le gas per rrol of 50 in 
g 

STEAM EXCESS (WEIGHT PERCENT I 
Figure 2. Molar f r a c t i o n  of C02 i n  to-  

t a l  discharge v s  ca l cu l a t ed  
steam excess.  

TABLE 2 Molar f r a c t i o n  of CO, i n  t o t a l  
L 

discharge , and ca l cu l a t ed  excess steam 
and C02 molar f r a c t i o n  i n  l i q u i d  phase. 

5, co2 xd,C02 excess 
steam 

lo3 x 10 % 

A-16AD 
A-17 
A-18 
A-22 
A-3 3 
A-3 4 
A-3 5 
A-3 6 
A-3 8 
A- 9 
A-17 
A-19 
A-22 
A-28 
A-36 

0.96 
1.4 
4.4 
1.2 
2.7 
2.5 
3.6 
2.3 
2.3 
1.1 
2.1 
0.33 
2.0 
0.29 
4.8 

1.05 
2.07 
1.54 
0.197 
2.33 
4.29 
1.18 
1.03 
2.35 
0.093 
1.39 
0.043 
0.335 
0.029 
1.12 

13 
19 
5.0 
2.2 

11 
24 
13 
10 
16 - 0.9 
8.1 
0.8 
2.5 
0.0 
4.3 

i n  t he  l i q u i d  phase. The r e s u l t i n g  
values of excess  steam a r e  BhOwn i n  
Figure 4, p l o t t e d  versus t he  values ob- 
ta ined  by the  more involved procedure 
based on apparent Fischer-Tropsch d i s -  
equi l ibr ium. The s o l i d  trace shown rep- 
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0 
0 
s 
0 - 
N 

0 0 
X 

1 0 625 

.2t,A-l9 
I 

0 1  IO 20 
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Figure 3. Calculated molar f r a c t i o n  of 
C02 i n  t he  l i q u i d  phase of 
t he  r e se rvo i r  vs  ca l cu l a t ed  
steam excess .  

r e s e n t s  t he  equa l i t y  l i n e .  A s  i s  ap- 
parent  from t h i s  p l o t ,  t he re  i s  a re- 
markable agreement between the  values 
obtained by the  two procedures,  except 
f o r  t h e  p red i c t ab l e  devia t ions  of w e l l s  
A-9, A-19 and A-28. 

D I S C U S S I O N .  

The l i n e a r  c o r r e l a t i o n  between CO con- 
cen t r a t i on  and excess  steam (Figure 2 ) ,  
t h e  r e l a t i v e  homogeneity i n  t he  calcu-  
l a t e d  C02  concent ra t ions  i n  t h e  reser- 
v o i r  l i q u i d  phase of t h e  southern sec- 
t i o n  of t he  f i e l d  (Figure 3 1 ,  and the  
exce l l en t  agreement betweenexcess steam 
values ca l cu l a t ed  by the  two methods 
descr ibed (Figure 4 ) ,  p resen t  a p i c t u r e  
of remarkable i n t e r n a l  consis tency.  I t  
i s  thus  clear t h a t  t h e l a r g e  d i f f e r ences  
i n  non-condensable gas concen t r a t i ons in  
f l u i d s  from d i f f e r e n t  w e l l s  from Los 
Azufres, is due t o  t he  va r i ab l e  contr ib-  
u t i o n s  of excess  steam. 

2 

I g l e s i a s  e t  a 1  (1985) have est imated the  
steam q u a l i t y  i n  s ec t ions  of t h e  Los Azu 
fres r e se rvo i r  reached by a number of 
w e l l s .  A comparison of t h e i r  r e s u l t s  
with those presented i n  t h i s  contr ibu-  

t i o n  makes it poss ib le  t o  probe the  re- 
l a t i o n  between excess  steam (or  "y va l-  
ue" )  and t h e  steam q u a l i t y  i n  t he  res- 
e r v o i r .  Within a reasonable e r r o r  m a r -  
g in ,  t h e  ca l cu l a t ed  excess  s t e a m i s  zero 
f o r  w e l l s  A-9 and A-28, t hus  agreeing 
with t h e  f ind ing  of single-phase ( l i q-  
uid)  condi t ions  i n  those s ec t ions  o f t h e  
r e se rvo i r .  However, f o r  w e l l s  A- 18,  
A-19 and A-22 t h e  same c o n d i t i o n i s  a l s o  
found ( I g l e s i a s ,  personal  communication), 
but  nontheless  a f i n i t e  steam excess  i s  
ca lcu la ted .  On t h e  o the r  hand, f o r  t he  

s ec t ions  of t he  r e s e r v o i r  reached by t h e  
r e l a t i v e l y  shallow w e l l s  A-34, A-35, 
A-36 and A-38, t h e  values of excess  
steam are much smaller  than t h e  esti-  
mated steam q u a l i t y ,  although the  r e l a -  
t i v e  order ing  of t h e  two sets of numbers 

*A-22 

A - 9  

I I I I 

0 10 2 0  30 

CALCULATED STEAM EXCESS (% W / W  1 
DEVIATION FROM FISCHER -TROPSCH EQUlLl8RlUM 

Figure 4.  Steam excess  ca l cu l a t ed  with 
t h e  simple mixing model vs  
steam excess  ca l cu l a t ed  from 
Fischer-Tropsch devia t ion  
from equi l ibr ium. 
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is the same. This tendency of the ex- 
cess steam calculation to overestimate 
steam quality in sections close to sin- 
gle phase liquid conditions, and to un- 
derestimate it in cases of high steam 
quality, could be understood qualitati- 
vely through the following reasoning. 
Consider the case of a well reaching a 
zone of single phase liquid at the boil- 
ing point. When flow through the well 
is small enough so that no appreciable 
local pressure drawdown is caused, the 
well will receive no excess steam. How- 
ever, as the flow and the resulting 
drawdown are increased, a local two- 
phase zone will develop and, because of 
the different mobilitites of the two 
phases, the mixture reaching the well 
will have an excess of steam (Bodvarsson 
et all 1980; Nieva et al, 1982; Sorey et 
all 1980). This process is responsible 
for the familiar trend of increasing 
flowing enthalpy and non-condensable gas 
concentration with increasing flow 
(Grant and Glover, 1984). On the other 
hand, consider a well reaching a section 
of the reservoir with a high (but smal- 
ler than unity) steam quality. Under 
these circumstances, steam will very 
much dominate the flow through the frac- 
tures and, at low production rates, the 
well will receive a mixture containing a 
high non-condensable gas concentration. 
As the flow and the resulting pressure 
drawdown are increased, even though the 
steam flowing from some distance to the 
wellbore still will have a high non-con- 
densable gas content, there will be a 
tendency of the liquid in the vicinity 
of the wellbore to boil, thus incorpo- 
rating its mass but a relatively low gas 
content to the flowing steam phase. 
Thus, in this case it is expected that 
the non-condensable gas concentration in 
the total discharge will tend to de- 
crease with increasing flow. These pre- 

dicted tendencies agree with the results 
of simulation studies (O'Sullivan et all 
1983), which showed that stabilized 
flowing conditions depend upon the ini- 
tial (ie undisturbed) steam saturation. 
Indeed, those studies predictedthat for 
low initial steam saturation, the flow- 
ing C02 concentration will increasewith 
flowrate, whereas this trend would be 
the reverse for high initial steam satu- 
rations, although no physical explana- 
tion was given. 

A necessary and important extension of 
the arguments presented above, is the 
prediction that the fluids produced from 
a section of a reservoir with high steam 
quality conditions (such as the shallow 
sections in the southern part of Los 
Azufres), will have a non-condensable 
gas concentration that will either re- 
main relatively constant or decrease 
with time during long-term exploitation. 
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