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INTRODUCTION

~The Cerro Prieto geothermal field, located
about 35 km scuth of the U.S.~Mexican border, has
been producing electrical power from a large
underlying geothermal reservoir since March
1973. An initial capacity of 75 MWe was cbtained
in February 1974 when a total of 12 wells were

. used for steam producticn. - In April 1979, a

total of 26 wells supplied steam to produce 150

MW of electric power. - Presently, the field is
producing about 180 MWe, including 30 MWe produced
by a secondary flash system.

During its 9 years of f£luid production, the
field has undergone various changes, such as

pressure drawdowns, reservoir flashing, decline in

well production rates, and decline in the average
enthalpy of the produced fluid (Goyal et al.
1981)+  Furthermore, scme wells have exhibited
peculiar behavior such as production of almost ary
steam and increasing well head pressures and mass
production rates. It is also observed that
production characteristics of some wells change as
a result of the opening of a new production well
in their vicinity. . For example, an increase in
enthalpy and decline in the:production rate is
observed in nearby wells due to.a reduction in
reservoir pressure created by the new production
well. Thus, it is useful to study these wells to

find how the field is reacting to fluid production.

It is also useful to study the distributions of
heat and mass in the field and their changing
patterns due to production. We can also study
which part of the field is becoming hotter or

- ¢older due to . its exploitation,:in which direc-

tions the hot and cold waters-are flowing,
and whether or not the & and B agquifers are in
hydraulic communication with each other.,

. This kiné of study is very important to

'both the modeler and the field engineer. A

modeler can use the information generated by
this study to construct and validate a model
that predicts the field's future behavior under
various production and injection schemes. The

-field engineer will gain a better overall under-
-standing of the behavior of the field, greatly :
enhancing his ability to make day to day decisions.

Finally, this study will.further our knowledge of

_production mechanisms in the Cerro Prieto geother=-

mal field. Comparison.with studies of other
geothermal fieids will provide a valuable opportun=-

ity to identify and characterize certain common

fluid production features.

This Analyéis iélnainly based on wellhead

' production data from the Cerro Prieto geothermal

field. The wellhead data for this field, which

;incilude welilhead pressure, separator pressure,

and water and steam flow rates, are.recorded

MASTER

monthly for each well. This information enables
the calculation of the dryness fraction and the
enthalpy of the produced fluid under separator

conditions. Interpretation of the results take

.. into -account the geologic model of Cerro Prieto

developed by Halfman et“al. (1982, this volume).

DISTRIBUTION OF HEAT AND MASS PRODUCTION IN THE
FIELD

To determine the areal distribution of

heat and mass production in the field and its

changing patterns with time, we have used the set
of geometric symbols shown in Figure 1. The
circles, squares and triangles represent total
flow rates of steam-water mixture (i) less than or
equal to 100, between 100~-200, and greater than
or equal to 200 t/h, respectively.* Thus, they
indicate mediocre, good, and very good production
wells, respectively. These limits are arbitrarily
chosen from the production data of numerous wells
in the field.

The shading of the geometric figures is

used to represent the enthalpy of the produced

fiuid. Unshaded, half-shaded and fully-shaded

-figures represent enthalpies of less than or

equal to 275, between 275-350, and greater than

" or equal to 350 kca./kg, respectively. These
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Figure 1. “5ymb6.s used to represent heat and
mass production rates in Cerro Pr;eto
wells.

® ¢/h = metric tons per hour
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limits are again arbitrarily chosen. However,
downhole calculations using a wellbore model
(Goyal et al., 1980) show that fluid with.an
enthalpy less than 275 kcal/kg tends to be
- gingle-phase at the bottom of the well. The
different shadings indicate cool, hot, and very
hot wellsg, respectively.

Initial Reserveoir Condition

. Figure 2 shows the distribution of fluid
enthalpy and mass flux in the field as of
December 1973.  Faults identified from the well
logs are also shown in this figure. A total of
11 wells (M-5, M-8, M-9, M~11, M~-20, M~-26, M-29,

. H-SO, M=31, M-34 and M-39) were producing at
‘that time. The exploitation of Cerro Prieto
started only nine months before, in March 1973,
with four production wells (M~5, M~9, M-11, and
M=29). Thus, the distribution of enthalpy and
mass flux shown in this figure could be assumed

S-8 9 11 W BAN026 29 30 M 34 39 €2 Ue 8
300 II IIIIHI'IHIII
1©00 I u I I I I I I
sool

XBLB211-263!
&
(1-79)
/
u- | M-4
"lJ’. &i-76)
FAUETL—{ (776) pM-39
han"zz “.20(8/ 74)
%-30 A""'L{"‘/
\\ s
: /
ey s
Q /7
%\ /
2.\
N %
\ B\
N o
BN\ e
éx ) 500 1000 1800maters
\ e \ S —— g
\ %N\
\ N
XBL 8210- 2577
Figure 2. Distributir;n of heat and mass flux in

the Cerrc Prieto f:l.eld as of Decenber
1973.

: to :epresexﬁ: the initial gtate of the field.

All wellg, except for M=-26 and M=-34, initially
produced more than 200 t/h. Thus, the circles
and squares of Figure 2 indicate a decline in
production with time for most of the wells. It
may be noted that wells M-9, M-29 and M~34 on
the western gide of the field were cold initially
and indicate the location of a cold boundary.

-On the other hand, well M-39 on the north-

eastern gide was also a cold well., Each

well, except these Tour cold wells, produced
fluids with enthalpies between 275 and 350
kcal/kg. This indicates that the wells were not
producing very hot fluids initially.

Wells M-14, M~15A, M-42, M-114 and M-181
shown in Fiqure 2, did not produce until the
date indicated within brackets. The initial
mass production from each of these five wells is
greater than or equal to 200 t/h. Initial fluid
enthalpies for wells M-114 and M-181 were about
285 and 295 kcal/kg, respectively. These wells
are closer to the cold northeast and southwest
boundaries of the field. The rest of the wells
{M-14, M=15A and M-42) were initially either hot
or very hot wells, as shown in this fiqure. The
depth intervals from which these sixteen wells
were producing are also shown in Figure 2.

Except for wells M-114 and M-181, which
produce from the 8 aquifer (1500-2000 m deep)
the rest of the wells draw their fluids from the
a agquifer (1200-1500 m deep). Note that wells
M-9, M-29 and M-31 have completed intervals
above 1200 m depth. In summary, this figure -
describes the initial state of the field for
both @ and 8 aquifers. Both aquifers in this
area are hot and there is evidence that the &
agquifer has cold boundaries to the southwest and
northeast.

Reservoir After 7 Years of Production

Figure 3 shows the heat and mass flux
distribution in the field as of December 1979,
after ‘about 7 years of production. At this time,
27 wells were supplying steam to the power
plant. A comparison between Figures 2 and 3
shows that: (i) 19 new production wells were
added between December 1973 and December 1979,
(1i) some of the 1973 production wells had been
taken out of line by 1979, and (iii) all the
1973 wells except cold wells M-9, M-34 and M-39
continued to produce. :

Wells M-53, M-84, M-91, M=-102, M-103,
M=-105, M~114, M~130 and M-181 were completed in
the 8 aquifer. The rest of the wells in Figure
3 were completed in the a aquifer.

Some of the wells dril‘ed to the southeast of
Fault H produced very hot fluids at very high
rates initially. All the wells drilled in the 8
aquifer, except M-114, M-130, and M-181, produce
very hot fluids. This indicates that either ‘the B
aquifer is very hot in this region or that the

fractured zone is acting as & conduit for upwelling

hot waters. The 8 aquifer, penetrated by wells
M-181, M-114 and M~-130, is relatively colg,
indicating that these wells are located near the
thermal boundaries of the field.
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_well M=29 since August 1979. Wells M-8, M-11,

M=-20, M=21A and M-31 were shut in temporarily,
probably due to low production.

- As stated earlier in this paper, & reduction

’ .{n enthalpy of the produced fluid can be caused

by the propagation of a cold front in the same

.aquifer, draw-in of colder: waters from the upper
~’strata, or both, depending upon: the location of
the.well in the flield.- On the:other hand, a

decline in the production rate of a:well can be
caused by scaling in the wellbore, reduced recharge

to the aquifer, high resistance to flow due to

silica precipitation in the reservoir pores, -
and/or relative permeability effects in the*
two-phase region near the well. Scme or all of
these factors might be contri.butinq to reduced
ptoduction from the wells. .

Rise in E'luid Bnthalgx

. The reaction of most: wells to the continuous
exploitation of the :field was to produce lower
enthalpy fluids at lower rates.  However, the
behavior -of some wells was remarkably different.
For example, although the producticn rates of

- wells M=20, M-45, M~51, M-84 and M-105 declined

over the years, thelr fluld enthalpies increased.

The heat and mass production of the ‘intermit-
tently produced well M~20 changed from about 280
t/h and 306 kcal/kg in August 1973 to 24.5 t/h
and 371.kcal/kg in September 1978 when it was
taken cut of production. It was reopened in
October 1979, but the production rate continued to
decline while the enthalpy continued to risge. -
Well M-45 produced 60 t/h and 433 kcal/kg in -
August 1977 compared to-29.5 t/h and 548 kcal/kg
in September 1980. . Well M-51 produced 308 t/h and
355 kcal/kg in January 1979 compared to 198 t/h
and 367 kcal/kg in September 1980.  The production
fxom M-84 was 177 t/h and 426 kcal/kg in March
1979 compared to 97 t/h and 482 kcal/kg in Septem-
ber 1980. Well M~-105 produced 265 t/h and 354
kcal/kg in December 1978 and 141 t/h and 415
kcal/kg in September 1980, s

: A continuous increase in enthalpy appears to
be related to the declining pressures-around a

-production well due to. low recharge. A reduction
- in pressure results in lower saturation.tempera-~

tures of .a two-phase gone around the well. :The
lower fluid temperatures set up a temperature .-
gradient between the fluid and the surrounding
rock, allowing heat to flow from the: rocks to the
'fluid,y,thus increasing the fluid enthalpy. . These
phencmena seem to occur in-all five wells mentioned
above. If recharge-tc these wells does not -
increase, due to seismic activity or otherwise,

then these wells may be taken .out of the produce

tion line or their fluid output combined with that
of a better producing well. The lower producing
wells M=-45 and M~8 were connected to well E-1 in
August 1981 and October 1981 respectively, and-
well M-20 was connected to well E-3 in Augnst

1981,

Flow Barriers

Figure 3 also shows flow barriers inferred

»;o‘n ‘the basis of enthalpy interference data as

discussed later in this paper. A solid line

# indicates that almost no flow occurg between the
. wells vhereas a dashed line signifies & slight

amount of flow between them. Analysis of data
from wells M-20 and M-45 support the hypothesis
relating low recharge and flow barriers: flow
barriers around M-20 result'in low recharge and a
flow barrier located near M-45 reduces recharge
from the north.

_Some adjacent wells in this field display

' sharply different characteristics, indicating a

heterogenecus/complex system. For example, wells
¥-114 and M-130, both completed in the £ aquifer,
show that the aquifer there was initially cool.

" Over the years, both wells show a reduction

in production, with almost no change in fluid
enthalpy in M-114 and an increase in enthalpy
in M-130. Well M~114 continued to be a cool or

.nearly cool well, while M-130 is nearly a very

hot well. Here again, the small recharge to M~-130
may be the cause for the increasing fluid enthalpy.
Wells M-34 and M~-35 are drilled close to each
other and yet they display entirely different
characteristicg. Well M-34 ig a cool and low
producer, while M~35 is a hot and very good
production well.

In summary, areal distribution of heat and
mass flux data suggests that the @ and B aquifers
are hot and very hot, respectively. . The initial
cold boundaries of the field were confined to
wells M~39 and M~114 in the northeast and to
wells M-9, M~29, M~34 and M~181 in the west. In
response to large~scale fluid production, the cold
boundaries appear to have moved toward the main
field, reaching wells M~42, M-14, M~-15A and M-21A
in the northeast and wells M-30, M-31 and M-26

', in the west. Initial production from most wells

was very good, with production declining over the
years. The enthalpy for most wellg in the field
also declined. The wells drilled in faulted zones
produced very hot fluids at very high rates. The
recharge to wells M-20, M-45, M-51, M-84 and M~-105
appears to be diminishing. If recharge to these
wells does not improve, these wellgs may be taken
out of production as have some other wells in the
field.

"LOCAL BOILING AND INTERFERENCE BETWEEN WELLS

" In the previous section, it was shown that

‘most wellsg experienced a decline in ‘enthalpy,

while gome wells experienced a gain in enthalpy.:
In this: section, we shall discuss those wells
whoge enthalpy fluctuates due to the opening or
closing ‘of nearby wells. This is caused by the
intettetence between weus as shovm below.

As discussed before, an increase in enthalpy
is related to heat transfer from the rocks to the
fluid due to a reduction in fluid pressure (and
temperature) in a two-phase region.  On the other
hand, a reverse process is expected to take place
if fluid pressure increases. By contrast, in a
single phase compressed liquid aquifer, changes in
enthalpy due to pressure changes are very small.
Since the compressibility of a two-phase fluid is
significantly higher than that of a single-phase
liquid, the pressure transients are expected to
propagate glower in the two-phase reservoir. The
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Figure 3. Heat and mass flow rates distributions

in the Cerro Prieto field as of
December 1979 alcng with flow barriers
shown in Figures 7, 8, 9 and 10.

A decline in mass production rates for most
wells in the Cerro Prieto field was cbserved
between 1973 and 1979. M-53 and some of the wells
to the southeast of Fault H were supplying steam
at good or very good rates as of December 1979.
In certain instances production rates increased,
(e.g., wells M-8, M-14, M=25 and M~103). An
increase in M-8 is attributed to a seismic
event which occurred in the summer of -1978. The
rise in the other three wells resulted from the
installation of smaller diameter production
casings, which were decreased frem about 8 to 4
inches (CFE Annex Number 6).

Decline in Heat and Mass Production

Aside from an uneven distribution of heat
and mass flux in the field, some changes in the
7p:oduction characteristics of wells were also -
observed. The cold boundaries to the west and
northeast appear to move toward the main produc-
tion area with the exploitation of tre field.

It was also observed that the fluid enthalpy for
most wells in the tield declined over the
years.

Toward the northeast, wells M-114 and M-39
continued to be cool or near-cool wells. an
enthalpy decline was cobserved in wells M-42,

- M=14, M-15A and M-21A. Well M-42, continuously
- producing since November 1976, behaved peculiarly

during its first three months of production.
Its mass production increased from 190 t/h to
350 t/h and the enthalpy of the produced fluids
decreased from 360 to 270 kcal/kg. Thereafter,
its enthalpy remained low and its productian
rate declined continuously. -

During continucus production, well M~-14
experienced declines in both production rate and
enthalpy, from about 205 t/h and 345 kcal/kg in
July 1976 to about 155 t/h and 275 kcal/kg in
December 1979. M=-15A, initially a hot well,
produced .until it was shut -in in January 1977
and then reopened from April to December of
1978. The mass production rate and enthalpy of
the produced fluid declined from 300 -t/h and 325
kcal/kg in August 1974 to about 60 t/h and 265
kcal/kg in January 1977. This well remained cool
and its production rate declined during its
second production period in 1978. Well M~-21a,
initially very hot, showed declines in enthalpy
as well as in mass production rate.

Thus, it appears that initially cool or
near-cool regions surrounding wells M~114 and
M~39 are propagating toward wells M-42, M-14,
M-15A and M~21A in response to production. It
may be worthwhile to mention here that the -
influx of relatively cool water from overlying
aquifers has also contributed to a decline in
the enthalpy of the fluids in the & aquifer
{(Truesdell et al., 1978; Grant et al., 1981).
However, in the northeast, the dominant cooling
mechanism appears to be related to the propaga-
tion of the cold front. One would expect that
for comparable distances relatively larger
pressure differences would be needed to draw in
waters from overlying aquifers than from the
same agquifer if lower permeability intervening
layers exist between them. The Cerro Prieto .
well logs confirm the presence of low permeabil-
ity shale zones between the o and B aquifers and
alsc between the @ aquifer and strata above 11-.
(Halfman et al., 1982 this volume).

On the western side of the field, the cool
region around wells M~9, M=-29, M=34 and M-181
appears to move toward wells M=30, M-31 and M~26
whose enthalpies of about 318 kcal/kg in December
1973, 318 kcal/kg in-August 1973, and 322 kcal/kg
in: August 1973, dropped to about 302, 287 and -
288 kcal/kg in December 1979, respectively.

‘In general, it is observed that the produc-
tion from most wells is declining. Quite a few
wells in the field have been shut in because
either the produced fluids were too cool, and/or
the production rates were small. Judging by
the field data, wells M=-9, M=15A, M-34 and M-39
were shut in permanently, apparently for being
cold, low producers. In fact, well M-9 has been
used as an injection well for untreated brine from
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rise of enthalpy in a well due to reduced pressure
created by a new nearby production well indicates
good communication between them.

To study the interference of. mnearby . welll
a production well, a plot of enthalpy and produc-
tion rate versus time wag prepared for well M-8

" (Figure 4). 1In this figure, f and H represent

mass production rate (in t/h) and fluid enthalpy
(in kcal/kg) respectively. Variocus wells with
their initial production dates are also indicated
along the time axig. It may be noted that the well
is producing very hot or nearly very hot fluids
throughout the time period shown in this figure.
Initially a very good producer, M-8 showed a
declining trend of production rate similar to
other wells in the field. 1Its production rate did
increase about four times in the summer of 1978
probably due to a seismic event (CFE annex number
6). Measured enthalpies indicate that this well
was either two-phase or cleose to boiling:in June
1973 when it started ccmmercial production. The
enthalpy of this well remained almost ‘constant
during the first nine months wvith slight variations
in mass flow rate.. Well M-31, placed into produc~
tion in August 1973, did not affect the enthalpy
of ‘M-8, However, a small jump in enthalpy and a
small reduction in mass flow rate can.be seen
during the time when well M-35 was put on line in
March 1974. A small reduction in mags flow -
indicated a lower reservoir pressure in M~8. If
the .fluid in the aquifer is already two-phase a
pressure reducticn will cause -the ‘heat to- flow
from the rocks to the fluid, increasing the fluid
enthalpy as can be seen in Figure 4. However, no
such change in enthalpy is expected to occur if
the reservoir fluid is compressed liquid. Since
M-8 was producing very hot or nearly very hot
fluids and showing enthalpy increases, we expect
that a two-phase zone exists at least near the
well if not far away. co .

A eharp decline in pror;iuctien‘ rate and a rise
in enthalpy was cbserved in the fall of 1974 when
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Figure 4. Heat and masg production history of

well M-8,

-M=21A started production. This shows that the
-opening of M=21A caused a hrgez' pressure drop in
‘M=8 than that caused by the cpening of M~35. The

propagation and magnitude of the pressure drop

s a function of the distance between wells,

formation permeability, kinematic viscosity, and
compressibility of the fluid. The pressure drop
in M-8 is expected to be larger due to the opening
of ¥-21A than that due to M~35 because it is
closer to M-8, However, if we assume that a
two-phase zone existed arcund M-8 even before
March 1974, the magnitude of the enthalpy rise or
pressure drop suggests better communication
between M-8 end M—21A compared to that between M-8
and M-35. s

: aAn increase in enthalpy and drop in mass flow
rate of M-8 is also cbserved during the summer of
1976 when well M-27 started production. Since
well M~27 is closest to M-B, large pregsure drops
in the latter are expected. No noticeable changes
in either enthalpy or mass flow rate in M-8 can be
attributed to the opening of M-46 in September
1977. -This probably indicates a poor communica-
tion toward the southeast.

It may be noted that the production from
M-8 has shown a continuously declining trend
over the years (if we neglect temporary humps)
with almost constant fluid enthalpy. The increase
in production rate and enthalpy, from about 105
t/h and 310 kcal/kg in October 1977 to about 175
t/h and 360 kcal/kg in November 1977, is due to
combining the production of wells M~8 and M-46.
Both wells used the same separator probably up to
August 1979 when M~46 was probably shut in.
During this two year period, fluctuations in
production rate and enthalpy can be observed. 2
sharp decline ‘in production and increase in
enthalpy can be observed up to June 1978 when
seismic activity resulted in lower fluid enthal-
pies and about four times higher production rate
(CFE annex mumber 6).

Well M~15A, located north of M-8 was produced
from April 1978. Around this time an increase in
enthalpy and a decline in producticn flow rate of
well M-8 (similar to those related to wells M-35,
M-21A and M-27), may be noted. However, at this
point, it is difficult to conclude that such a
sharp change in flow rate and enthalpy was caused
by the opening of M~15A because of its being
farther away from M-8. An attempt is made to
clari!y this point ‘later in this paper.

ﬂell. M~-84 started production in March 1979. A
slight decrease in flow and increase in enthalpy
is observed in M-8 about this’time. However,
these changes are too small for us to arrive at
any reasonable conclusions. Moreover, M~84 is far
to the southeast of M-8 and any effect is expected

. to:be small.  Beyond September 1979, the production
-rate of M-8 reduced drasticelly with a correspond=-

ing increase in fluid enthalpy. This well was
finally shut in for over a year in May 1980 when
its production rate dropped to about 14 t/h.

In brief, Figure 4 shows that if the pressure
(and temperature) of a two-phase zone surrounding
a4 well is lowered by the opening of nearby wells,
it gi:ves rige to an increase in fluid enthalpy due




to heat transfer from the rocks and a-decline in
production rate due to the reduced pressure. _One
can then qualitatively infer whether the commmica=-
tion between wells is good or poor. In the case of
well M~8 it appears that it has good permeabilities
toward wells to the north and probably pocr cnes
toward those to the south.

WELLHEAD DATA

As discussed in the previous section, an
existing producing well may or may not respond
to a newly opened producing well depending -upen
the formation permeability between them. .
pressure wave propagates quickly through a high
permeability formation, resulting in lower flow
rate and higher fluid enthalpy in the already
producing well completed in a two-phase reservoir.
If, on the other hand, the permeability is .
low, the pressure interference will be slow.
Thus, based on the enthalpy history of nearby
wells it is possible to interpret qualitatively
whether the permeability between wells is good or
poor. The words good communication/poor communica-
tion or flow barriers are intended to reflect on
the formation permeability between the wells under
discussion. Flow barriers between wells can
either be natural or man~made. Natural barriers
include faults and low permeability zones or-
layers. Man-made barriers are the ones resulting
from fluid production which reduce formation
porosity and permeability by mineral precipitation
in rocks.

In this section, we attempt to identify these
barriers in a gross sense on the basis of enthalpy
history only. As discussed in the previous
section, an increase in enthalpy is associated
with a reduced production rate or lower bottom—
hole pressures. These flow barriers are then used
to explain the low recharge to some wellg ghown in
Figure 3. It may be emphasized that the interpre-
tation is purely based on enthalpy data and is
subject to confirmation.

To determine interference and possible
communication barriers between wells, we have
divided the main producing field in four differ-
ent areas, ag shown in Figure S. Only the
central part of the field is being considered
for this study for the following reasons:

(1) initially wells in this region were
either two-phase or close to boiling;

(ii) spacing between wells in this area is
small, which increases the possibility
of interference between them;

(iii) wells toward the north and west are
located on the cool boundaries of the -
field and the reservoir fluid tends.to be
liquid water. A small reduction in
bottom~hole pressure does not make a
significant change in the enthalpy of
these single-phase liquid wells. Thus,
on the basis of enthalpy data, it is
hard to establish flow boundaries for
these wells. However, an indication of
expanding cold boundaries, as discussed

earlier, signifies good communication
between these boundary weIl;.

(iv) The southern-most wells are spaced far
apart and were put on line almost at the
same time. Both factors make it difficult
to obtain the kind of interference data
we are looking for. ' ’

The plots of water/steam ratio and wellhead
pressure versus time were prepared for wells in
the different groups up to November 1980 (Figures
€6~10). As can be seen in Figure 5, some wells

_appear in more than one group. The nonproducing

wells are alsc included in these groups. However,
the following discussion is confined to production
wells only.

Group 1

Figure 6 shows a plot of wellhead pressure

_(WHP) versus time for all the wells in Group 1

along with their relative positions. The wellhead
pressures of M-27, M-35 and M-84 are almost
uniform over the years with a slight declining
trend. The behavior of M-8 is also almost uniform
with a declining trend, ‘except for a small increase
in WHP during the first year of production and
another increase in July 1978 due 'to a seismic
event (CFE annex number €).

A sudden rise in WHP of M~21A during the
middle of 1978 was caused by a change in the
diameter of the production casing from 8 to 2
inches. The excessive sand production and casing

- damage required the installation of a new casing

(CFE annex number 6). Except for a sudden pressure
drop in August 1975, the WHP of M-31 is almost
uniform with a slight declining trend. The sudden
drop in WHP was probably caused by an increase

in orifice diameter (personal communication
Castillo B.F., 1982). As reflected by these
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Piguie 6. -Wellhead pressures versus time tériﬁells in Group I.

wellhead pressures, toward the middle of 1979,
all of these wells were fairly good producers
with M-35 and M~27 producing at the highest and
lowest rates, respectively. It may be noted. that
the cldest producing well in this group is M-8,
which started production in June 1973, followed by
M=31.in August 1973, M-35 in March 1974, M=21a "
in September 1974, M=27 in July 1976 and M-84 in
March 1979. Toward the end of 1980 -only half of
the wells in this- group were producing, the

rest were shut in probably due to low production.

The water/steam ratio history of the wells:
in Group I is shown in Figure 7. - The wells with
lower water/steam ratios indicate higher fluid
‘enthalpy compared to those with higher water/ .-
steam ratios.  For example, in Group I during
1979-80, well M-84 was the hottest well with
highest enthalpy and M-31 was the coldest well.
In general, fluid enthalpies show a decliring

trend with time for most wells except M-84 where

an opposite trend can be seen.- An enthalpy
increase in M-8 may also be observed in mid-1980.

;As discussed earlier, a decline in enthalpy is

caused by mixing with relatively cool waters and
an increase can be attributed to local boiling

--and/or -to low recharge.

Communication between various wells can
be detected from the water/steam ratioc plot for
each well. For example, a slight increase in
enthalpy of M-8 and M-31 can be observed when M=-35
starts production ‘in March 1974, indicating'a
good communication between these wells. The next
well to -come on line in.this group -i8 M=21A which
appears to affect the enthalpy of M-8 without
causing any apparent .changes in the water/steam
ratios of M-31 and M=-35. This indicates good

ccommunication :between M-8 and M-21A., However, the
‘communication between M=21A . and M-31 and between

M=21A and M-35 is hard to interpret due to the
large distances involved. A decrease in water/
stean ratios in M-8 and M~31 is ‘algo cbserved when
the new wells M~26 and M-29 start production.

- This shows good communication between M-29 and

M~31. The slight increase in enthalpy of M=31 is
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Figure 7. Water/steam ratio versus time for wells in Group I.

probably due to a drop in WHP in August 1975 as
shown in Figure 6. The coincident increase in
enthalpy of M-8 igs too small to conclude any
communication with M=26. Another enthalpy increase
of M-8 in early 1976 does not appear to have been
caused by the opening of well M-29 located at a
considerable distance.

Wells M-21A and M-35 do not appear to respond
to well M-26, probably because they are too far
apart. The effect of M-27 is clearly seen in
well M-8 but not so clearly in wells M-21A, M-31
and M-35, probably due to poor communication.
Another decrease in water/steam ratio in M-8 is
observed when well M~46 starts production in
September 1977. As discussed in connection with
Figure 4, this increase in enthalpy is mainly due
to mixing of fluids from M-8 and M-46 in the same
separator. Other wells in this figure do not
respond to M-46, probably because they are situated
too far away from it.

The introduction of well M=15A does increase
the enthalpy of M-8 without any observable changes
in M=-21A, M=-27, M~31 and M-35. It is surprising
to note that M-15A has no communication with
nearby well M=21A but does communicate with well
M-8 situated further away in the game direction.
Going back to Figure 4, we find that a decrease in
flow rate and rise in enthalpy in M-8 are rot
really caused by the opening of M~15A. .In fact,
what we see is a continuously declining flow rate
in this well. The increase in enthalpy indicates
a lower recharge to this well at this time. This
trend is confirmed again in 1980 as shown in
Figure 4. As a matter of fact, if the seismic
event of mid-1978 had not occurred, ‘this well
might have been shutin in 1978 instead of 1980. No
appreciable changes in water/steam ratios in wells

of Group 1 were cbserved due to the initial
producticn of M—84, indicating a poor communica-
tion between these wells and M-84. Figure 7
shows flow barriers by solid lines while dashed
lines indicate poor communication.

Group II

Figure 8 shows the water/steam ratio versus
time for wells M=-5, M=-14, M=-15a, M-19A, M-20 and
M=-25 belonging to Group II. Well M-5 is the
oldest producer in this group, followed by M-20,
M=25, M=-15A, M~-19A and M-14. As may be noted,
wells M-15A and M-20 are intermittent producers.
Except for wells M~19A and M-20, these wells
show significant changes in WHP. For example,
the WHP of M~-5 decreases from 20 kg/cm? in
December 1973 to 6.3 kg/cm? in January 1974,
probably due to change in orifice diameter.
Thereafter, its WHP remaines almost constant.

The WHP of M-14 increases from about 7.6
kg/cm? in January 1977 to about 22 kg/cm? in
March 1977 due to a change in the diameter of the
production casing from 8 to 4.5 in. This change
was made because of excessive sand production (CFE
annex number 6). Well M=-15A starts with a high
WHP which declines over the years. The WHP
of M-25 ‘increases between November and December
1977 due to a reduction in the producticn casing
diameter from 8 to 4 in. : Excessive sand production
is also the reason for this diameter change.

.

Continued production has caused a decline in
enthalpy for most wells except M-20 which has
shown an opposite trend. Toward 1978-80, well -
M=-15A produces the ‘lowest -enthalpy fluids in this
group while M=20 produces the highest. '
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Figure 8. ° Water/steam ratio versus time for wells in Group II.

Looking at Figure 8 there appears to be no
communication between wells M-5, M-20 and M-25.
Opening of well M-15A does not affect the water/
steam ratios of M~5, M-20 and M~25 to any signifi~
cant extent, suggesting poor intercommunication..
However, during its reopening in April 1978, the
enthalpies of M~5, M=19A and M-14 do show some

increase, indicating good communication with these -

wells and communication barriers with wells M-20
and M=-25. The cpening of well M-19A shows scme
communication with M~25 and barriers with wells
M~5, M-15A, and M~20. Comparing this effect
with that during reopening of M=15A shows that
communication probably exists between M-19A and
M~5 and also between M~-19A and M-15A. The
reopening of M-20 in October 1979 indicates
communication barriers between M-20 and wells
M-5, M=14, M-19A and M-25. These inferred barxriers
between wells are shown in Figure 8. -

Group 111

Figure 9 ghows of the water/steam ratio
versus time for wells M-20, M=-21a, M-25, M-26 and
M~27 in Group III. It may be noted that the ratio
increases with time for most of the wells in this
group, indicating mixing with colder waters drawn
into the system. During 1979-80, well M-20 is the
hottest well and M=-26, the coldest. Except for
M=20, M~26 and M-27, the rest of the wells in the
group have been in continuous production since
1974, when they were first put on line. &s
discussed before, if we analyze the changes in
water/steam ratio with time, we determine the flow
barriers shown in Figure 9.

Group IV

Figure 10 shows the variations in water/
steam ratios with time in wells M-35, M-45,
M-48, M-51, M~84, M~103 and M-181 in Group 1V.
In this group, the first three wells are comple-
ted in the o aquifer, and last three in the 8
aquifer. wWell M~51 is completed both in the o
and B aquifers. It has not been established so
far whether there exists communication between the
two aquiferg (discussions during San Felipe
Workshop, February 1982). Thus, it is necessary
to interpret the interference between the wells
completed in the same aquifer.

"2 ‘In Figure 10, it may be noted that the
water/ steam ratios are quite variable for most
wells in this group. M-181 is the coldest well in
the group with a declining trend in enthalpy.

M-84 and M-4S are the hottest wells showing
increasing ‘fluid enthalpies. Using the procedure
discussed above, we find that there exists no

‘communication between M-35 and M-45. Well M~48 is

located scme distance away and is unlikely to show
any interference far from these wells. .

Additionally, wells completed in the 8

. aquifer (M-84, M-103, and M-18l) do not show any
‘interference between them, probably because of the

larger distances involved. 1In fact, wells M-84
and M-103 start production at the same time (March
1979), a case to which this analysis cannot apply.
Well M~181, being a cold well is also not suited
for this analysis.
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The flow boundary inferred from the data is
shown in Figure 10. The flow barriers interpreted
from Figures 7 to 10 are superimposed in Figure 3
over the heat and mass flux distributions in the
field. Surrounded by barriers, it is now clear
why the recharge to M-20 and M-45 is declining.

SUMMARY AND CONCLUSIONS

An areal distribution of heat and mass
production in the Cerro Prieto field has been
presented for two different times to determine the
initial state of the & and B aquifers and the
behavior of the field under production. It was
found that, initially, the & and 8 aquifers were
hot and very hot respectively. Cold boundaries to
the field were found to be located toward the west
and northeast.

Initially, fluid production from most
wells was very high. M-53 and some wells scutheast
of Fault H produced very hot fluids at very high
rates. Production from most wells declined over
the years, possibly due to scaling in the wellbore,
reduced recharge to the agquifer, high resistance
to flow due to silica precipitation in the reser-
voir pores and/or relative permeability effects in
the two-phase regions surrcunding the wells. In
most wells fluid enthalpies declined over the
years, perhaps due to mixing with colder waters
either drawn in from upper strata and/or from the
cold lateral boundaries depending upon welli::
location.

= :w'?v;#

Interestingly enough, ;he fluid enthalpy ot~‘

five wells M=-20, M-45, ’M—Sl, M~84 and H—lOS, was'ﬂ
found to be increasing with'timey . ‘The’ recharge to

because of the presence of flow barriers whose
existence was confirmed by enthalpy interference
interpretations. Cold boundaries in the west and
northeast appear to move toward the main field,
reaching wells M~42, M-14, M-15A and M-21A in the
northeast and wells M~30, M-31 and M-26 in the
west in respcnse to large-scale fluid production.

It is found that if a two-phase region
surrounding a well is intercepted by other
neighboring wells, its pressure and saturation
temperature decline, resulting in increased
£fluid enthalpy due to heat transfer from the
rocks and a decline in production rate due to
reduced reservoir pressure. Such interference
phenaomena are found to occur in many wells in the
Cexro Prieto Prieto field and are used to inter-
pret qualitatively the degree of communication
between Cerro Prieto producing wells.

Based on this study, flow barriers have been
established between production wells. These
barriers need to be confirmed by other studies;
however, they appear to explain the low recharge
to wells M-20, M-45 and also possibly to M-8.
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