
PROCEEDINGS, Fourteenth Workshop on 
Stanford University, Stanford, California, J 

Reservoir Engineering 

SGP-TR.122 

OPERATIONS AT THE AHUACHAPAN 
FIELD, EL SALVADOR 

Bed Dennis, Ray Jermance, Robert Lawton, Los Ahmos Natknaf Laboratory 
AleJandro CuintinUla and Juan B e m a .  a Comisbn EJeaahra Hldroelectrh del Rb Lema 

ABSTRACT 

Well mine operations were performed in eight of the 
geothermal wells at AhuachapAn. A series of him 
temperature insttuments, including temperaturekabbit, 
caliper, fluid veWitynemperatureEprassure (STP) and ffuld 
sampler were deployed in each well. The caliper tool was 
used primarily to determine the possible chemical deposil 
b o i  in the casing or Hner, and in one well to investigate a 
suspected break in the casing. 

STP bgs were obtained form sk of the eight wells at varkos 
fbw rates ranging from 30 to 70 kg's. A static STP log was 
also run with the wells shut in to prwlde data to be used in the 
thermodynamic analysis of several productbn wells. 

determlne whether the production declines auld be 
attributed to individual well damage, reduction in the central 
resentair pressure or a combiiatbn of these and other 
factors. The well besing data could improve existing reservoir 
models of the Ahuachapan field. Studies of the data win 
provide input for an integrated resemir engineering 
investigation that will culminate in the design and 
implementatbn of an effedive spent brine reinjeclbn 

The AhuactIapztn field operatbns incfuded downhole 
measurements in three productbn wellr AH-1 , AH-32, and 
AH-20. AH-1 was a Qood produdbn well W e d  near the 
center of the geothermal field (Fig 2). AH32 was dr&d in the 

INTRODUCTION 

The Ahuachan geothermal field is located in the northwest 
sectton of El Salvador about 120 km from San !%vador (see 
Fig. 1). The fbst geothermal electric power power generating 
plant in Central America came on-line in 1975 in Ahwchapan. 
The generating capadty grew fmm an initial 30 megawatts 
(MW) to 95 MW in a sk year perbd. Over 40 walk have been 
drilled in the Ahuachapan field. The high quality geothermal 
resource at one time produced 42% of the electrical power 
used in El Salvador. in recen! years. however, productivity of 
generated power has dropped primarlly due to declining well 
production. 

. 

objectives in maklng downhole measurements with the high- 
temperature bggiw tools developed at Los Alamos were to 

Fig. 2. schematic map of the A h u m  oeothermal 
Field, showlng well bcatbns. 
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soothern most sectlon of the exploration area and AH-20, a 
damaged wen, was W e d  just east of the power plant. The 
well comletbn schedule for.the three wells is given in Table 
1. 

Table 1 
well Completion Schedule 

Well Number AH-1 AH42 AH-20 
Casing ske ,nun 244.5 244.5 340. 
Liner size, mm none 193.7 244.5 
Openhole 
dhmeter JlUIl 222.3 215.9 n/a 

Bonom of 
6 7  490 449 - 470 423 

casino 
Topoftinefrn- 

Bottom of hole, m 1195 1504 853 
Bottom of aner, m - 1500 850 

193.7 mm (7618 In.), 216 mm (8-3/4 In.) 244.5 nun (9-5/8 in.). 
340 mm (1 3- in. 

Produalon well AH-1 

The first well. AH-1. was bcated near the base compound at 
well AH-6. A relathrely me cleared area surrounded this well 
made it the best place to fig up the logging aqulpment for the 
first time at AhuafAapIn. It was necessary to go through this 
procedure, taking the tlme to explain and demonstrate each 
step in order to train the CEL operators on safe field 
procedures. Information regarding the produdbn of AH4 
included the reported water level at 525 m, the main 
produaiin zone at 554 m and a maximum temperature of 
225%. The maximum flow rate was 54Ws with a f low i i  
wellhead pressure of 5.9 kg/cm2 (0.4 psi). The shut in 
pressure could build up to 3543 kg'cn? (248 psi). 

A temperature survey was nm in AH-1 from the surface to 100 
m. The tempemre tool had the ring gage or mfabbii. 
attached to provlde clearance information regarding this 
wellbore prior to depbying the more expenshm downhole 
instruments. The tenperature bg, run with the well shut In 
(static), shows the water level or liquid to vapor Merface at 
590 m Fig. 3. The casing in AH-1 was cemented in to a depth 
of 457 m from the surface. The wellbore was open hole from 
there to 1195 m. Maximum temperature measured was 
231OC. 

The combination fluid veloci  
(spinner)Remperatur~~essure Instrument can provide the 
data necessary to investigate the thermodynamic behavbr of 

FQ. 3. statlc temperaturelrabba survey, well AH-1. 

the geothermal well. Mass fkw rates can be cakutated 
knowing the fluid dens&, Row area and fluld vebdty. Ruid 
densities can be determined if  the t e m p e w s .  pressures 
andmporqualitlesareknown Vaporqwlitycanbe 
calarlated assuming no total heat bss (entha)py) thmugtrwd 
the borehole us'hg the value of enthalpy at the liquid 
interface. 

The SIP mi was run in AH9 aarting at adepth of 100 mand 
bggingtheweUto1100m ThefirstsurvaywasrunWanthe 
well shut-in (static) to wide for WsW calibratbn 
Information for the pressure and spimr transduce= A 
second log was run with the well tbwing at afpfoxhateb 
30k~'s. The temperahue data from this survey shows that the 
Mporto Iicp~id Merface is at 600 m (Fig. 4) whkb agmswilh 
pressure (based on temperature) intersection pbtted in Fi.5. 

awm I-I 

Fig. 4. STP temperature suney, well AH-1,30 kgs fbw. 

FQ. 5. Pressure data and saturatbn pre-, well AH-1. 
30 kds fkw. 

The spinner output in Hertz vs depth is pbtted in Fig 6. A 
problem with the tfigger level in the electronic counter tha! 
measures spinner frequency inhibited the data acquisii 
between the depths from 280 m to 410 m h the vapor mgbn 
of the wall. This pbt does hdlcate major produaion zone 
around 500 m and 580 m 

. 
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Fig. 6. STP spinner survey, well AK1.30 k@s flow. 

The fluid velocity is obtained by subtracting the tool velocity or 
lcgging rate trom the indicated spinner values. The spinner or 
velocity transducer is normally calibrated for each log. This in- 
situ calibration is determined from the spinner data and the 
tool velocity (time vs depth data) in the liiid region of the well 
during the static sunray. The proportbnality constant used for 
the spinner for this series of kgs was 0.0318 W s M .  The 
mass flow rates were calculated as a fundbn of depth and the 
results are shown in Fi~.7. The average mass flow in the 

Fig. 9. Calculated fbw rate, well AH-1,58 k@s flow. 

' O b !  
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Slnca AH-20 was In the Wued status andcold water was StfU 
being punped down the well, RO pressure bdc was required 
durlng the logging operatbns. The temperature/raMit tool 
was depbyed to adepth @ 827 m where It set down 23 m 
above the bottom of the liner. The temperature (Fig. 11) 
clearly shows the cold water interface and the area where fluid 
is b a v m  the wellbore. This data also indicates mat this 
interface can move up and down the wellbore when the 
pmps are turned on or off for short perbds. 

Dpw 1.1 

Fa. 11. Temperatuwrabbi! survey, *ell AH-20. 

The STP bg confirms the evidence of the fluid leaving the 
wellbore at 420 m as ahown by the STP temperature data FQ. 
12 and the spinner output data FQ. 13. 

DtPTU I.) 

Fig. 12. STP temperature survey, well AH-20. 

The 3-arm caliper toolwasdeployedto 800 m and the the well 
logged up to the surface. There is evidence of chemical buii 
up in liner bebw 100 m (which may account forthe set down 
of the temperahrrelrabbit at 826 m) and some arwnd the 
bwer part of the casing. There am no indkatbnsof abreakIn 
either the casing string or the slotted liner (Fa. 14). It appears 
that the fluid is lea* nearthe casing shoe could 
indlcate a bad cement zone. 

Productlon Well AH-32 

AH-32was agood produabnwen with a reported mass fbw 
rate of 70 Ws.. Maxlrmm temperature was 241% and the 
well head pressure shut-in was 2285.6 kaIcfn2 (160 psi). 
There were several produdion zones with kcatbns estimated 

Oam LDJ 

Fig. 13. STP spinner survey, well AH-20. 
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t 
Fig. 14. Three ann caliper survey, well AH-= 

at 775 m (M phase fbw). 800 m, 1000, and 1400 m The 
major production zones were reported to be at the 1000 m 
and 1400 m depth. 

The first temperature log was started In the weltunderfbwing 
conditions.' The temperaturekabbit tool was bwered in the 
casing to 50 m and stopped at this depth while the flowline 
was openedto allow a fbw rate of45 Ws.. The toot wasthen 
run in the well until a set down a! 470 m stoppedthe tool. The 
tool would not enter the slotted liner under the flow 
conditions and the well had to be shut in. The tenperahrre 
log was tam to adepth of 1450 munder staticconditions and 
back up the hole to the surface. There were no obstructions 
encountered in AH-32 other than the top of the liner. 
Maximumtemperature measuredwas 241%. The Sann 
caliper tool was run in AH-32undershut In (static) flow 
conditions. The arms were deployed a! 1400 m and the 
caliper survey logged to the surface. The top of the linerwas 
!agged at465 m. No evldence of chemical builduphtheweU 
was observed in the data (Fa. 15). 

Difficulties were encountered when running the STP tool In 
AH-32. The higtwrpressure at the wellhead at aninitiaJnoW 
rate of 45 kg/s and the Ught welght of the tool (36.3 kg , or60 
b) prevented the tool from entering the well. The tool, 
therefore, was depbyed to a depth of 200 m with the welt 
shut in. The well was again opened to a Row rate of 45 IC@ 
and the tool desended to 470 m were it would not enter the 

* 

sbtted liner.  he fbw rate was then decreased to 20 kgs and 
the STP log run from 480 to 1450 mat this bwerfknv rate. 



IS00 
DEPTH (.I 

Fig. 15. Three arm caliper survey, well AH-32 a 

m w  (.I 

Fig. 18. Vapor qualii, well AH-32,20 Ws fbw. 

The liquid to vapor Interface was measured at 840 m as shown 
by both the STP temperature data (Fa. 16) and the n m ~ ~ r e d  
and saturatbn pressures ablated at temperature (Fig. 17). 
The measured pressures above the liquid surface are bwer 
than the saturatbn pressures which means the vapor was in 
the superheated region. Using the pressure and temperature 
data and assuming no heat loss in the two phase region the 

The output of the fluid vebcity transducer (spinner) is pbtled 
in Fg. 19. A proportionality constant for the spinner can be 
determined from the data obtained in the liquid region of the 
well. The spinner output In Hem for both the bg in and the 
bg out is proportional to the fluid velocity PIUS the to01 
velocity. Tool velocities am calculated from the time and 
depth data recorded during the kgging operation. The 
proponbnality constant for the spinner in AH-32 was 
calarlated to be 0.0739 mlsltiz. Notice the negative 
frequency counted during the bg out in the liquid region 
which means the inpellars were rotating in a reverse directbn 
coming out of the hole. Them was very little fluid flow a any up 
the well below 980 m. 

0 

no. 1s. STP spinner survey, weU M 9 2 , 2 0  Ws flow- 

Knowing the vebcitfes and themodynamic properties of the 
fbwiw fluid .mass fbw ratescan be caladated. In the case of 
M-32 alofthe data forthe fbwing logwas taken in the 
sbfled Uner below the casing. In uds case the diameter of the 
open hole mid be applicable to cakulate the mass flow rate 
krt since this diameter throughout the open hole is not weU 
defined the calculated mass fbw rates am quite erratic. Usw 
a constant 215.9 mm (8.5 In.) diameter for the open hole is 
not 8 good assumptbn. A second STP bg was run from 500 
mtn 1200 mat afbw rate of 45 Ws. The data fromthe 
tenperaturn data (Fig. 20) and the measured pressure and 
calculated satumbn pressure (Fii. 21) show the liquid to 
vapor Interlace at 860 m. The vapor above the 860 m depth is 
in the superheat regbn. Vapor qualii for this second W I  ~ i g .  17. Measured and saturation pressures, well AJ-I-32.20 

kg/s flow. 
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bg is plotted in Fig. 22. The spinner data again shows a major 
production tone starting at 980 m kR there is l i i  evidence 
of production zones bebw this depth (Fig. 23). 

0 0 0  a00 1000 1100 
DCPTU 19) 

Fig. 20. STP temperature suwey, weU AH-32,45 kg/s fbw. 

I OW IS00 

Fig. 21. Measured and saturation pressures, well AH-32.45 
kg/s flow. 

nwm 1-1 

Flg. 23 STP spinner m e y .  well H. 45 kgfs Bow. 

Athid flowing logwas started at500 mwittlthe well open to 
60 Ws. The spinner was worldng fine M 2 broken 
centraliirs on the tool prevented it from going down the wen 
and the bgwas terminated. 

CONCLUSIONS 

The maximum tenperature in the geothermal wens in the 
Ahuachapiln field approached 250OC. Wellhead pressures 
were reported b be as high as4285 kglcn? (300 psi1 and fbw 
rates reached 70 kg/s. The downhole instruments and 
assodated equipment were capable of continuous and 
repeated performance in this severe geothermal 
environment. The wellhead pmssures in some wells were, 
however, higher than initlally anticipated and caused 
problems when first starting the bgglng tools downhole. Thls 
was especially m e  for the lighter STP tooL Although a new 
impeller design was implemented during the later phases of 
the Ahuacfiapan operations, it was evident that more mass 
must be added to the STP sonde. A sub had been &signed 
that will easily be assembled in the field between the cable 
head and the uphole end of the tool. This subassembly will 
add about 54 kg (120 Ibs) of mass. These iqmvements will 

entire wellbore under maximum fbw conditions. 

The him temperature STP and %ann caliper tools can provide 
all of the data necessary to detemdne the thenncdynamic fluid 
properties of the productbn wens when wellbore condabns 
are applicable. For the thermodynarmc . analysktobe 
meaningful, it is necessary that the d i i t e r s  of the 
completed wen sedbns of casing. liners and open hole be 
known. There mus! also be a kpk3 to vapor Merface that is 
well defined with the liquid region of sutfident depth to 
provide the %sW calibratbn of the respective downhole 
transducers. 

Non-prpducing wells can result from welbm damage durlng 
the drilling and well completion operations or from bng tern 
effects. Non-producing wens may also be the result d the 
well m b n  in the field. The m r e  of such wells are mt wen 
known especially when they occur in the vicinity of !pod 
producers. The k g g i  systems used in the Ahoachwb 
operations often provide Information that can result in 
appropriate analysis and intelpretation. 
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m allow the STP to provide required measurements in the 
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