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temperature changes as well as changes in fluid chemis- 
try that have occurred during exploitation of the field. Of 
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&line in in terms of boiling, h j d o n  

ABSTRACT 
Since large-scale exploitation of the Ahuachaph reser- 
voir began in 1975 with the commencement of the first 30 

' MW, unit, large changes in the reservoir thermodynamic 
condition have occurred. Drawdowns up to 15 bars have 
developed in the production field and significant tem- 
peram changes have been observed. In most cases tem- 
peratures have declined due to boiling in the reservoir 
stimulated by the pressure diawdown; cooling due to 
reinjection of spent geothermal fluids has also been 
observed. There art indications of a cold fluid recharge 
to the reservoir from the west and north. Inmasing tem- 
peratures in the southeast comer of the wellfield show 
that significant recharge of hot fluids to the wellfield 
comes from the southeast; they also indicate that the 
recharge rate has increased with time as the pressure 
declines in the reservoir. 

INTRODUCTION 
The Ahuachaph fi 
exploitation for mo 
well was drilled in 
axc distributed over a 

interest is the 

and nche- 

MASS EXTRACZlON HISTORY 
Since August 1968, production and reinjection rates for 
all wells in Ahuachaph have been regularly measured 
and arc available as monthly averages (Vides-Ramos, 
1985). The cumulative extraction history of the field is 
shown in Figure 2. During the development phase 
(1968-1975). a total of 24 Mtons of fluids were produced 
from the reservoir, with only 2 Mtons reinjectcd during 
the 1971 injection tests. Fluid production increased 
drastically when the first two generators went on-line and 
has averaged 17 Mtondyear since 1976. The fate of rein- 
jection has varied considerably. In early 1976 as much as 

of the extractcd fluids were 
ir, until November 1982 when 
A total of 38 Mtons of waste 

der development and 
The first production 
y a total of 32 wells 

ana, as shown in Figure 1. 

a 75 km long concrete channeL am lsl.109 

The objective of this paper is to examine the pressure and Figurc 1. Map of the Ahwhaph wellfield 
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Figure 2. Cumulative fluid production and injection, 1968-1988. 

water have been reinjected In comparison, by the end of 
September 1988 the net fluid extraction from the field 
had reached 187 Mtons. 

PRESSURE DRAWDOWN 

Changes in reservoir pressures have been monitored dur- 
ing the exploitation years by running annual s w e y s  in 
a l l  wells accessible to logging. Also, daily pressure 
measurements at 200 masl (approximately 500 m depth) 
in well AH-25 are available since 19n. this well is 
located close to the center of the production field Figure 
1). The initial @-exploitation) pressures in the 
Ahuachaph wellfield were fairly uniform corresponding 
to 36 bar-g at the monitoring elevation of 200 masl (Laky 
et al., this volume). 

Exploitation has caused a significant pressure drawdown 
in the production area. Figures 3 and 4 show pressure 
maps for the years 1978 and 1986. Both figures show a 
near-uniform pressure low engulfing the entire produc- 
tion area. In 1978 the pressures ranged between 28-30 
bar-g compared with the initial 36 bar-g; by 1986 the 
pressures in the wellfield had declined to 20-22 bar-g. 
Relatively high 1978 pressures in wells AH-8. AH-29, 
AH-I7 and AH-2 arc due to reinjection into these wells. 

significant drawdowns indicating natural fluid recharge 
from the north. east and south. Wells AH-10 and AH-15 
are not in pressure communication with the geothermal 
reservoir and have not shown measurable drawdown. 

The AH-25 pressure data have been supplemented with 
some 1968-1977 average well pressures at 200 mas1 and 
converted into drawdown by assuming an initial reservoir 

Peripheral Wells AH-11, AH-14, AH-16 and AH-18 Show 

pressure Of 36 bat-g. These drawdown data are plotted in 
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Figure 3. 1978 pressure contours in bar-g at 200 m a ~ L  

Figure 5 together with the monthly net extraction rates. 
The figure illusmtes the close relation between the net 
extraction rate and prcssun drawdown. The few data 
points from the early years show that the fluid productim 
during well testing resulted in a signifmnt drawdown in 
1972. but as the production testing was minimal during 
the next few years, the field had almost recovered to ini- 
tial pressures when exploitation started in 1975. Figure 5 
shows that the pressure drawdown tends to  stab^ dur- 
ing long periods of relatively constant net extraction rate, 

.d 
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thus reaching a quasi-steady state. This pressure stabili- 
zation and the fast pressure recovery in 197311975 indi- 
cates that the curnnt production wellfield is only a small 
part of a Much larger system and that recharge into the 
production area is significant (see Aunm et al., this 
volume). 

TEMPERATURE CHANGES 
Significant reservoir temperature changes have been 
observed at Ahuachaph due to exploitation. The most 
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1986 pressure contours in bar-g at 200 mas1 Figurc 4. 
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dramatic change 9 a gradual 10-15 O C  cooling within the 
Ahuachaph Andesites in the main production arca dur- 
ing the 1975-1986 exploitation pcriod (Figure 6). Some 
temperanve changes arc also observed deeper in the 
reservoir and on the priphery of the wellfield. CartN 
analysis of the available data shows that there are sewd 
processes responsible fot the temperaturt changes 
including boiling, reinjection returns and n d  
recharge. In the following Sections *the observed reser- 

a n t  processes. 
voir temperature changes arc discussed in terms of these 

Temperatlac changes due to boiling 
The uppet part of the rescNoir was boiling prior to 
exploitation (Laky et al., this volume). The pressure 
drawdown in the field has caused the two phase region in 
the main production arcx to expand and the boiling zone 
to cool following the saturation curve. The boiling level, 
initially found at an elevation of about 300 masl, is 
currently (1988) at about 250 masL The cooling of the 
boiling zone is on the order of 10-15 O C .  It can be easily 
dcmonsuatcd that this cooling is primarily caused by 
boiling either by comparing the temperature and the pres- 
s u n  distribution in the field or by plotting for each well 
the temperature and pnssun in the two-phase region at 
&rent rimes and comparing the plot with the 
cmsponding saturation values. Example of such a plot 
is shown in F i p  7. 

Temperam changes in the liquid region of the reservoir 
in the Ahuacha#n Andesites 

The two phase region resides in the upper region of the 
Ahuachaph Andesites. The underlying liquid- 

Figure 5. Monthly net extraction rates and the pressure drawdown. 
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Figure 6. 1986 temperature contour map (in "C) at 200 
maSL 

AHUACHAPAN WELL AH-5 
T-P Conditions at 300 mas1 1975-87 

30 

n u  

e 
PI 20 
3 
ul 
ul 

J 15 

10 
X Data 

,do 190 260 2iO ?io 230 
Temperature [C] 

Figun 7. Plot of temperature versus pressure for AH-5 
(1975-1987). 

dominated zone also experienced considerable cooIing 
during the exploitation years, except in the southwest 
comer of the wellfield. Early temperature logs show 
boiling-point-to-depth curves through the twephase 
region of the reservoir and a near-isothermal interval 
below the boiling level to the bottom of the Andesites. 
These general reservoir characteristics have not changed 
in the production field. However. the boiling level has 

fallen some 50 m, as mentioned earlier, and the liquid 
zone has cooled with time. The best example of this 
behavior is well AH-21 Figur6 8) but similar behavior is 
observed in most of the other production wells, with the 
exception of wells AH-7 and AH-3 1. 
In order to investigate the cooling of the single-phase 
region of the Andesites, the tcmpmture and the pnssun 
histories of s e v d  wells weft analyzed. Examples of 
these plot0 ~ z t  shown in Figure 9. In al l  cases the tem- 
perature decline comlatts with the prcssun drawdown 
in the rewoir. Such a consistent comIation is highly 
unusual in a single-phase region. Plots of temperature 
versus pressure Figm 10) show that the cooling 
progrtsscs parallel to the saturation curve indicating that 
the cooling of the single phase region in the reservoir is 
actually controlled by boiling. It is believed that the 
cause of this is recharge of a two-phase mixm of steam 
and water. This recharge occurs at or above ux) masl 
but after entering the field the two phases scgrcgatt due 
to density efftcu, with liquid occupying thc lower poreion 
of the Andesites and steam accumulating in the uppcr 
Part. 

Ternptranve changes amibuted to reinjection 
Temperatun data have been examined in ordcr to deter- 
mine reservoir cooling caused by the 1975-1982 reinjec- 
tion program. The data indicate thermal recovery in few 

AHUACHAPAN WELL AH-21 
Temperature logs. 
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Figure 8. Selected temperature logs for well AH-21. 
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however. one can 

well AH-18 in response to exploitation support the idea 
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Figwe 10. Temperature and pressure histories for wells AH-I, AH-5, AH-21 and AH-25. 

of a natural hot fluid recharge in this part of the field and 
furthermore that the recharge rate has increased due to 

Cold water recharge into the wellfield cannot be sup- 
ported by data from peripheral wells. On the eastern 
margin of the field no temperature changes have been 
observed while at the north and west boundaries no data 
arc available because of obstruction in the wells at shal- 
low depth. However. tempcranuc data from a few wells 
in the production mea indicate deep cold water mharge 
into the field from the north and w e s t  An example of a 
well showing this type of cooling is AH-7. This wtli 
cooled at shallow depth (100 mad) due to reinjection. as 
mentioned earlier (see Figure 11). Similar cooling was 
observed deep in the well during the reinjection years as 
shown on Figurc 13. but in this case little thermal 
ncovcry was measured after the reinjection ceased. The 
reservoir cooling can therefore not be explained by rein- 

pressure &Clint in the reservoir. 

jection leaving cold water recharge as the only possible 
cause for the amperaam history dcep in well AH-7. 

SUMMARY AND DISCUSSION 
Exploitation has p t l y  changed the press= and tern- 
pcraturc conditions in the Ahuachapk reservoir. ln the 
wellfield, pressure has &lined somc 15 bars and cooling 
of up to 15 O C  has been observed 

As expected the pnssmt drawdown corrtlatts well with 
the net extraction rate, with quasi-steady prcssurc condi- 
tions reached after periods of nearanstant rates. This 
suggests that natural recharge is very significant at 
Ahuachapk and that the system is much largcx than the 
cuntnt wellfield 

The tcmperaturt hismy of Ahuachapiin is complicated 
and has been influenced by several factors, including: 

* 
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AHUACHAPAN WELL AH-7 
Tempemhve at 100 mad. 1970-1987 

Year 

Figure 11. 1970-1987 temperature history of well AH-7 
(100 masl). 

A H U A W A N  WELL AH-7 
Tempemture at -100 mad. 1974-1987 

Year 

F i p  13. 1974-1987 temperature history of well AH-7 
(-100 masl). 

AHUACHAPAN WELL AH-18 g-up in the ~0ntmaSanrpartOirzh~ field &e 
Temperature at -75 mad. to increasing geothermal (hot) fluid recharge to the 

250 production area. i 
The history to the conceptual model of the 
field arc presented by Laky et al. (this volume). The fol- 
lowing statements arc madc with refmncc to F i p  2 in 
Laky et al., which shows major faults and ffow directions. 
The geothermal ffuid recharge entcrs tbe field from 
southeast and feeds the main production area through two 
separate "channels". The main recharge is through Fault 
#6 where the fluid undergoes boiling befort it enters tht 

e Andesites arc found at relatively 
second recharge channel (Fault #10 
) feeds the arca around wells AH-7 

(4) in the n o d m  and the WeSW Part of the 
field due to increasing cold water recharge ' in 
response to n m o K  drawdown. 

A., (1989a). "The Ahua&ap&n g e o t h d  fie@ El Sal- 
ve - analysis,** bwrtnce ~ ~ k k ~  -- 
tory npon LBL-26612. Berkeley, CA. 
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