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RESULTS OF WELL LOQGINQ opmnoNs AT ME AHUACWAN 
GEOTHERMAL FIELD, EL SALVADOR 

Bert Dennls, Ray Jermance, Robert Lawton, Los "IO3 Natbnal Laboratory 
AIejandm QIintlniaa and Juan Bergama, a Cornision Ejecutlva Hldmeledrica del Rb Lenpa 

ABSTRACT 

Well logging opetatlorn were performed In eight of the 

tempenture Instruments, lnduding temperaturdrabbit, 
canper, wid velocityRemperature,pressure (STP) and nuid 
sampler were deployed h each well. The callper tool was 
used prlmartly to determine the pSSibIe chemical deposit 
bum in the casing or liner, and in one Well to investbate a 
suspeaed break In the casing, 

STP logs were obtained form 6k of the eight wells at various 
flow fates ranging from 30 to 70 kg/& A stalk STP log was 
afso run wlth the wens shul Into prwide data to be used In the 
thermodyMmlc analysis of several ptuductbn wells. 

INTRODUCTION 

The Ahuachapan geothermal field 16 bated In the northwest 
sectbnofElSalvedorabout120kmfromSanSalvador(see 
fig. 1). The first geothermal electric power power generating 
plant h Central America came on-line In 1975 In Ahuachapan. 
The generating capacity grew from an initial 30 megawatts 
(MW) to 95 MW In a SIX year period. Over 40 welts have been 
drilled in the Ahuachaph field. The hah quality geothermal 
resource at one time produced 42% of the electrical p e r  
used in El Salvador. In recent years, however, productivi of 
generated power has dropped primarily due to declining well 
production. 

geothermal We& at ma-. A 6ehS Of high 

Fb. 1. Map ol El Salvador, showing bcarion of 
Ahuachapan.. 

La Comlskn Ejmtiva Hidroeleema del Rim Lempa (CEL) is 
the agency of the Salvadoran government responsble for the 
Ahuachapan geothermal operatbns. 

The Los Alamos well lagging team, in collaboralion with CEL 
focused on the problem of declining well production. The 
objectlves in making downhole measurements wlth the high- 
temperature togging tools developed at Los Alamos were to 

- 

determine whether the produdon declines could be 
attributed to indMdual well damage, reduction In Me central 
resemir pressure or a combination of these and other 
factors. The weU bgglng data could impmve exisung reservoir 
models of the Ahuachapan fleld. SWes d the data will 
provide input for an integrated resemir engineering 
Investigation that will culminate in the design and 
implementatbn of an effective spent brine reinjection 
PlpOfam 

WELL LOGGING OPERATIONS 

The Ahuachapb field operatbns included downhole 
measurements in three production wells: AH-1 , AH-32, and 
AH-20. AH4 was a good produdbn well Wed near the 
ceRer of the geothermal field (Fig 2). AH92 was drilled In the 

Fig. 2. Schematic map of the Ahuachapan Geothermal 
Field, showing well kcatbns. 



routhem most seakn of the exploratbn area ud AH-20,8 
damaged wet, wan bcatedm easf ofthe power plan!. The 
wen conpldon rdredule for the three weUs b g h n  h Table 
1. 

Tabb 1 
Wen Conpletion Schedule 

2U.5 244.5 340. 
none 193.7 244.5 

WeU N u m r  AH-1 AH42 AH40 
CaslnO6kem 
Uner size. m 

222.3 215.9 nta 
Bottomof 

457 490 449 - 470 423 
=lna 

Top of lner ,m - 
Bottom of Wr, m - 1500 as0 
Bottom of hob, m 1105 1504 853 

193.7 tntn (7- h), 216 mm (8.314 ik) 244.5 M (9-518 In.), 
340 mm (13.318 h. 

Productlon well AH-1 

The first weU, AH-1, was bca!ed near the base compound at 
well AH-6. A relatively me cleared area smunded this we# 
made tt the best place to rlg up the iogglng equipment for the 
first time at Ahuachapdn. It was necessary to go through this 
procedure, taking the time to explain and demonstrate each 
step in order to Mn the CEL operators on safe field 
procedures. information regarding the production of AH-1 
incktded the repotted water level at 525 m, the main 
prcduction zone at 554 m and a maximum temperature of 
225%. The maxirmm flow rate was 54 kgs with a flcwing 
wellhead pressure of 5.9 kgfcn? (0.4 psi). The shut in 
pressure could build up to 3543 ko/cm2 (248 psi). 

A tempemre survey was tun in AH-1 from the surface to 100 
m. The temperature tool had the ring gage or 'rabbi' 
attached to p v l d e  clearance information regarding this 
wellbore prior to deploying the more expensive downhole 
instruments. The temperature kg, Nn with the well shut in 
(sfatk), shows the water level or llquM to vapor interface at 
590 m Fig. 3. The casing in AH4 was cemented in to a depth 
of 457 m fmm the surface. The wellbore was open hole from 
there to 1195 m. Maximum temperature measured was 
231OC. 

The comblnatbn fiutd velocity 
(spinner)Renperature/pree/pressure instrument can provide the 
data necessary to investigate the thermodynamic behavior of 
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thegeothermalwei. MassWratescanbecaladafed 
knowlnQ the fluid dWWly, flow ma and fkild vebdty. Fkfid 
densltles can be determined # the temperatures, pressures 
and vaporqualities am known. VaporqualYl can be 
calculated assutnhg no total heat bss (enthalpy) throughout 
the borehole using the value of enthalpy at the liquid 
Interlace. 

The STP tool was tun in AH-1 smtlng at a depth of 100 m and 
logging the well to 1 la0 m The flrst survey was tun with the 
weU shut-in (static) to provide for "In-sb' calibratbn 
Infomuion k r  the pressure and spinner transducers. A 
second bQwas nur withthe well fbwino at approximately 
3 W s .  The temperature data from this wwey shows that the 
vapor to liquid htedace is at 800 m (Fig. 4) which agrees with 
pressure (based on tempemre) intersection plotted in Fig.5. 

n P n 4  1-1 

Fg. 4. STP temperature sutvey, well AH-1,30 kg/s fkw. 
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Fig. 5. Pressure data and saturation pressure, well AH-1, 
30 kus fbw. 

The spinner atput bl Her@ depth IS pbaed in m. 6. A 
problem with the trfqger level in the electronic counter that 
measures spinner frequency inhibited the data acquisition 
between the depths from 280 m to 410 m in the vapor region 
of the wall. Thls pbt does Indicate major production zone 
around 500 m and 580 m. 

Fig. 3. Statlctemperaturehabbl sutvey. well AH-1 
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Fig. 6. STP spinner survey, welt AH-1,30 kg/s flow. 

The fluid velocity is obtalned by subtracting the tool velocity or 
logging rate from the Indicated spinner values. The spinner or 

. ~ ~ ‘ O d t y  transducer is normwy calibrated for each log. This in- 
s& calibration is determined from the spinner data and the 
tool velocity (time vs depth data) in the Uquid region of the well 
during the static survey. The proportbnaiity constant used for 
the Spinner lor this series of logs was 0.0318 nvs/Hz. The 
mass flow rates were calculated as a funalon of depth and the 
results are shown in Fig.7. The average mass flow in the 

DEPTH (ma 

Fig. 7. Calculated flow rate, well AH-1,30 kvs flow. 

casing 16 about 30 Ws.. Vapor quality was also calculated 
using the value of enthalpy at the l i i d  interface and is 
plotted In figure 8. 

A third STP survey was conducted with the well open to full 
flow. The mass fbw rate (Fig. 9) indicates an additional 
production zone between 640 m and 660 m. Mass flow rate in 
the casing averages 58 kqls., which is in agreement with the 
reported fbw rate. Vapor quaQ calculated for the higher flow 
rate is plotted in Fig. 10. 

Damaged Well AH-20 

Welt AH-20 was of considerable interest because steam was 
emerging at the surface around the outside of the wellhead. 
There was Spearlation that the Well damage mlght have been 
wed casing near the depth that the liner was hung or that 
the cement around the casing shoe had deteroraied The 
well was WllW by pumping cold water down the cas~ng into 

DEPTH (rn) 

Fig. 8. Vapor quality, well AH-1,30 kgs fbw. 

Fb. 9. Calculated flow rate, well AH-1,58 kvs flow. 
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Fig. 10. Vapor Quality, well AH-1,58 kg/s fbw. 

the borehole. Other information received form CEL 
concerning AH-20 indicated a main production zone at 455 m 
with a secondary zone at 706 m The liquidlvapor interlace 
was reported b be at 525 m and the maxlmurn tempemre 
was 219°C. Prior to kililng the well, the stark wellhead 
pressure was 3043 kg/c& (213 psi) and flowing pressure was 
8.9 kgc& (0.6 psi). 



Since W2Owa8 hthe Wed rtahrs end cold water was rtlll 
being ptnped down the wen, no presswe bdc was required 
&ring the k@ng operatbm. The temperaMelrabbltml 
was deployedb rdephof 827 mwhem I set down 23 m 
above the bottomoflha Uner. The temperature log (Fig. 11) 
c b w  chows the cold water htefface and the area where fkrld 
Isle~Uwwellbore. Rdsdataalsoindicatesthatthk 
lnt~ffaCe can mve up and down the weUbore when the 
plnps are !timed on or off for short perbds. 

n0.11. Temperatuwrabblt survey, well AH-20. 

The STP bg confirms the evidence of the fluid leaving the 
wellbore at 420 m as shown by the STP temperature data Fg. 
12 and the spinner output data Fi@ 13. 

: c  ; 200 

400 . .. ' . . . 600 , I  I ,  . . ' .  . .if. 00 . . . ' ' ' LOO0 
xcrn (D) 

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

The 3-arm callper tool wai deployed to 800 m and the the well 
logged up to the furface. There is evidence of chemical build 
up In lher bebw 700 m (which m y  account for the set down 
of the temperahlre/rabbtt at 826 In) and some amund the 
lower part ot the casing. There are no indicatbns of a break in 
either the caslng string or the slotted liner (Fb. 14). I w a r s  
that the fluid is leaving near the casing shoe which could 
Mkaie a bad cement zone. 

Production Well AH42 

AH42 was a gocd produabn weu with a reponed m a s  flow 
me of 70 w.. Maxirmm temperature was 241% and the 
well head pressure 6luR-in was 2285.6 kglcm2 (1 60 psi). 
There were several production zones with locations estimated 

0 
W T n  (D) 

Fig. 13. STP Spinner survey, weU AH-20. 

30 . . . ' . . ZOO . , , . . ' , . . 400 , ' , . , , ' , , . LOO , ' , , . ' , . . 800 , ' , , , . I , . , 1000 
Dwtn ( m )  

Fig. 14. Three am caliper survey, well AH-20. 

at 775 m (two 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 kg was started in the well under fbwing 
conditions. The temperaturehabbit tool was bwered in the 
casing to 50 m and stopped at this depth while the fbw line 
was opened to allow a flow rate of 45 kgs.. The tool was then 
run In the well until a set down at 470 m stopped the tool. The 
tool would not enter the slotted liner under the flow 
conditions and the well had to be shut in. The temperature 
log was fun to a depth of I450 m under static conditions and 
back up the hole to the surface. There were no obst~ctbns 
encountered h AH-32 other than the top of the liner. 
Maximum terrgerature measured was 241%. The 3-arm 
callper tool was Nn In AK32 under shut In (static) flow 
condiibns. The arms were deployed at 1400 rn and the 
caliper sunmy logged to the surface. The top of the liner was 
tagged at 465 m. No evidence of chemical buildup In the well 
was observed in the data (FQ. 15). 

Dlfflcultles were encountered when running the STP tool in 
AH-32. The higher pressure at the wellhead at an inltial flow 
rate of 45 kg's and ttIe light weight of the tool (36.3 kg , or 80 
bs) prevented the tool from entering the well. The tool, 
therefore, was deployed to a depth of 200 m with the weU 
shut in. The weU was again opened to a flow rate of 45 kgs 
and the tool desended to 470 rn were it would not enter the 
slotted liner. The flow rate was then decreased to 20 kgs and 
the STP log run fmrn 480 to 1450 m at this h e r  fbw rate. 
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Flo. 15, Three arm cafiper survay, wen A K ~  

The llquid to r h!erlace was measured at 840 mas shown 
by both tne s%emperature data (m. 16) and the measured 
and saturation pressures calculated at temperature (Rg. 17). 
The measured pressures above the liquid surface are h e r  
than the saturation pressures which means the vapor was in 
the supemeated region. Using the pressure and temperature 
data and assuming no heat loss In the two phase region the 
calculated vapor quality for the 20 Ws flow rate Is shown in . . .  
Fig. 18. 

2SO 4 
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Fig. 18. Vapor quality, well W-32,20 ko/s fbw. 

The output of the fluid velocity transducer (spinner) is pbned 
In Fig. 19. A proportionality constant for the spinner can be 
detemined from the data obtained in the ifquid region of the 
weu. The spinner output in Hertz !or both the bg in and the 
tog out Is propoNonal to the fluid v e b c i  plus the tool 
velocity. Tool velocities are calculated from the time and 
depth data recorded during the logging operation. me 
proponionaiity constant for the spinner in AH-32 was 
calculated to be 0.0739 m/sRlr. Notice the negative 
frequency counted during the log out in the liquid region 
which means the impeilars were rotatinn in a reverse direction 

DCPTM (I1 

Fig. 16. STP ternratwe survey, wen AH-32,20 kg/s flow. 

~ ~. . 
coming out of the hdl8. There was vely-iittie fluid tbw u any up 
the well below 980 m. 

4 - "I - ':L 1 
51 

0 ........-....... .. ............. ..........,. " ........ 

~ig .  19. STP spinner survey, well ~~-32. 20 WS flow- 

Knowing the vebcitles and themodynamic propeltles of the 
fiowlng fluid ,mass flow fates can be cslculated. in the case of 
AH92 all of the data for the flowing log was taken in the 
slotted liner below the casing. In this case the diameter of the 
open hole would be applicable to &late the mass flow rate 
but since this diameter throughout the open hole is not well 
defined fhe calculated mass flow rates am quite emk using 
a constant 215.9 lpm (8.5 in.) diameter for the open hole Is 
not a good assumption. A second STP log was tun from 500 
mto lz00 mat a fbw rate of45 W8. The data fromthe 
tenperature data (Flg. 20) and the measured pressure and 
calarlated saturation pressure (Fig. 21) show the liquid to 
vapor inteff am at 860 m. The vapor above the 860 rn depth is 
in the supeheat region. Vapor quam for this second flowing 

1 8 . 1  

1100 
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Fig. 17. Measured and saturation pressures, well AH92,20 
kg/b Ilow. 
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1 , \ !  
\ i  log kplotted In FQ. 22. Thespi 

produmn zone starting at **O"m"$ll there is 
of production zones bebw this depth (Fig. 23). 

rdataagain 6hows a major 
evidence 

t =.J 
210 

Fig. 20. STP temperature survey, well AH-32,45 kg/s flow. 
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Fig. 21. Measured and Saturation pressures, well AH-32,45 
kgls flow. 
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Fb. 22. Vapor quality, well AH-32.45 kg/s fbw. 

Fig. 23 STP spinner survey, well AH-32,45 ke/s flow. 

A thlrd flowing kg was started at 500 m with the well open to 
60 kgs. The spinner was worWng fine but 2 bmken 
centralizers on the tool prevented it from going down the well 
and the log was terminated. 

CONCLUSIONS 

The maximum temperature in the geothermal wells in the 
Ahuachapan field approached 250'C. Wellhead pressures 
were reported to be as high as 4285 k g c d  (300 psi) and fkw 
rates reached 70 kgk.  The downhole lnstruments and 
assoclated equipment were capable of continuous and 
repeated performance in this severe geothermal 
environment. The wellhead pressures in some wells were, 
however, higher than Initially anticipated and caused 
problems when first starting the logging tools downhole. This 
was especially true for the lighter STP tool. Although a new 
impeller design was Implemented durlng Ute later phases of 
the Ahuachapan operations, It was evldent that more mass 
must be added to the STP sonde. A sub had been designed 
that wlll 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 Improvements will 
now allow the STP to provide required measurements in the 
entire wellbore under maximum flow conditions. 

The high temperature STP and 3-arm caliper tools can provide 
all of the data necessary to determine the thermodynamic fluid 
properties of the production wells when wellbore conditions 
altl applicable. For the thermodynamic analysis to be 
meaningful, It Is necessary that the diameters of the 
completed well sections of casing, liners and open hole be 
known. There must also be a liquid to vapor Interface that is 
well defined with the Uquid region of sufficient depth to 
p v l d e  the "In-sh' calibration of the respective downhole 
transducers. 

Non-producitq wells can result from wellbore damage durlng 
the drilling and well completion operations or from bng term 
effects. Non-producing wells may also be the result of the 
well W b n  in the fleld. The nature of such wells are not well 
known especially when they occur In the vicinity of good 
producers. The bgging systems used In the Ahuachaph 
operations often provide Information that can result In 
appropriate analysis and Interpretation. 
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