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APPENDIX A 

(Mineralogy Contours) 
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APPENDIX B 

(Cl- and SO, Contours) 
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(Well Summaries) 
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WELL AH-1 ii 
PRODUCTION WELL li 
Coordinates: 

10,740.74 m . . 

. Longitude: 412,185.10 m 

Drilling Dates: 

L Started : April 30, 1968 

1 Finished: June 4, 19 

Elevation: 802.79 m 

Depth: 1195.12 m 

Casing Design: 1 

t 
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Depth m 

35 

550 

Circulation losses: 

Type Aquifer Remarks 

No cuttings 
at 20-75 m 
No cuttings 

below 575 m 

Relevant Informat ion: 

Pivot point can't be seen io the pressure logs. 

Flowing pressure survey done in August 1979 with e65 kg/s shows the boiling 
level at 500-600 m depth. The log does not exclude a deep liquid inflow. 

Flowing spinner survey with e 6 0  kg/s shows that all the fluid enters the well 
above 552 m depth. ( 44% above 503, 12% between 503 and 512 m and finally 
44% between 512 and 552 m depth). It should be noted though that the spinner 
signal disappears at the .boiling level. 

Two pairs of flowing temperature and pressure surveys done by Los Alamos in 
September I987 at flowrates of 30 and 54 kgls indicated feedzones at 750 and 775 
m depth. 

All available temperature run in the well showed full recovery after drilling. The 
location of the feed zones, therefore, does not show up in the logs. Maximum tem- 
peratures of 230- 239OC are found at 600-700 m depth in all the logs until 1979, 
with bottomhole temperature (BHT) around 225OC. Logs run after 1979 show no 
temperature inversion and decreasing temperatures (in time) at 500-800 m depth. In 
1987 temperature of 215OC was measured at 700 m depth. BHT seems to have 
remained constant (within the measuring error) about 225OC. 

Flowrates have decreased drastically but enthalpy has remained, more or less, 
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constant with most values around 1050 W/kg (250 kcal/kg). Other wells producing 
m the shallow two phase zone have increased GI 

AH-1' is actual 
been believed and within the liquid portion of the reservoir. 

Aquifers: 

is suggests that the main feed i 

i 

Geochemistry: 

Data : 

Chemical Data : 08/7l-W/87 (complete from 10/73) 

Physical Data : 01/75-1 

Initial Conditions: 

255OC and 7700 ppm C1. 

Early analyses yielded Na-K-Ca temperatures near 26OOC (1972-1976) and a 
few TSL values were near 25OOC. Most silica and enthalpy temperatures were 
lower, near 240% (1974-1976). This suggests that near-well temperatures 
were near 24OoC, but at a distance from the well there were higher tempera- 
tures. Temperature logs suggest inflow at 24OOC before 1979. 
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f L Chloride concentrations in the aquifer were constant from 1972 to 1981 at 

7700+-200 ppm. This might be somewhat in error if the assumed separator 
pressure of 6.5 kg/cm2g used for samples without physical data (before 1/75) 
is incorrect. 

i 
Changes With Time: 

After 1976, all  indicated temperatures decreased. TNK(= decreased most rapidly 
from 1976 to 1980 and became nearly constant after 1980 at 24UOC. TE 
dropped more than Tsn, especially after 1981. The order of these indices in 
1985 was Tmc>Tsn>T~, suggesting separate' hot and cold entries but the 
similarity of TE and Tsn suggests that mixing also occurred in the reservoir. 
The 1985 temperatures were Tmc=24O0C, Tsn=225OC and T~=215'C. Tem- 
perature logs in 1987 suggest a 215OC feed at 700m and a bottomhole tem- 
perature of 225OC. 

Aquifer chloride showed a positive perturbation between 1977 and 1979, but 
stayed at 7700+200 ppm. From 1981 to 1985, chloride dropped but apparently 
stabilized afterward at 66oof200 ppm. Chloride calculated from measured 
enthalpy are about 500 ppm higher than chloride calculated from T ~ c .  

t 

L 
t L 

I 
L 

. 
Summary: 

The decrease in chloride and the large decrease in TE started in 1981, suggest- 
ing that the cooler entry affected the actual temperature and chloride from that 
time. Ewlier indicated temperature decreases in 1976 (Tmc and some TE 
values) are not reflected in the aquifer C1. 
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WELL AH-2 

L 
INJECTION WELL 

Coordinates: 

Latitude : 311,228.86. m . 

1 
Longitude: 412,885.54 m 

Drilling Dates: 

i 
i 
b' 

Started : June 14, 1973 

Finished: September6.1973 

Elevation: 808.00 'm. 

Depth: 1200.00 m 
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Depth m 

20 
75 
325 

700-800 
820-850 

Circulation Losses: 

Type Aquifer Remarks 

Total 
Total 
Total 

Partial 
Total 

No cuttings below 900 m. 

Early pressure surveys indicate a pivot point at 700 m depth. 

Spinner survey shows 40% loss at 700 m depth, 40% loss at 900 m and the 
deepest loss between 950 and 1050 m depth. 

The aquifer at 700 m depth is seen in temperature logs. The logs also show that 
the injected water coois the well down to the bottom (1200 m), indicating some 
fluid flow down to the bottom region. Before injection started the temperature 
profile showed maximum at 750 m depth 2 2 5 O C .  BHT (900 m) was less .than 
22OOC. In 1987, several years after injection was stopped, the highest temperatures 
were found at 600 m depth, only 206OC. Temperature measured wem 201OC at 750 

m, 197OC at 9OOm and only 188OC at looOm (present bottom). 



I Aquifers: 

i; 

Depth m 

20 
75 
325 
700 
900 
lo00 
1200 

Geochemistry: u 
No data. 

Aquifer 

Ground water 
Ground water 
Saturated zone 

Reservoir 
Reservoir 
Reservoir 
Reservoir 

Contribution 

Major 
Major 
Major 
Major 
Major 
Minor 
Minor 

Remarks 

CaSed-off 
Cased-Off 
cased-off 

Liquid 
L4dd 
Liquid 
Liquid 
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WELL AH-3 

I 
t 
L 
L 
t, 
L 
L 

u 

1 ;  

b 

b 
I 

iir 

COLLmED DURING DRILLING AT 414 in. 

Coor 0 0 

Latitude : 310,726.43 m 

Longitude: 412,915.81 m 
3 ,  

DrilIing Dates: 
-; . . 

Started : March 3, 1973 

Finished: June 1, 1973 

Work-over: 

s : January 17,1974 

Finished: January 28,1974 

Purpose : To remove blockage and place a liner 

Elevation: 855.5 m 

Depth: 802.20 rn 

Casing Design: 

Liner slotted. 
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Depth (m) 
10 

Circulation losses: 

~ 

Type Aquifer 

Partial Ground water 
Partial 
Partial 
Total 
Total 
Total 
Total 

Ground water 
Ground water 
Saturated zone 
Saturated zone 

Reservoir 
Reservoir 

Qxxxi-off 
Cased-Off 
Cased-Off 
Cased-Off 
Cased-Off 
Major feed 
Major feed 

Relevant Information: 

The well collapsed during or shortly after drilling at 413 m depth. Only one tem- 
perature and a few pressure logs were available up to this depth. Water level is 
close to 280 m depth and the temperature was 8 4 O C  at the water table and 118OC 
at 413 m depth. 

Aquifers: 

The only available information on the location of the aquifers is the list of circula- 
tion losses. 

Geochemistry: 

No data 
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WELL AH-4 

PRODUCTION WELL 

Coordinates: 

Latitude : 310,835.13 m 

Longitude: 412,470.45 m 
1 

Drilling Dates: 

Started : June 1,1972 

Finished: August 4, 1972 

Work-over: i 

Started : October 23,l 

Finished: November 

Prupose : To remove blockage 

Elevation: 8 12. 

Depth: 788.00m 

Casing Design: 

171" 485 2 
127 I n  514 

788 

Liner slotted. 

casing size 

20" . 

1 3 ~  3 11 

9 ; w  

75" 
8 

1 50 

481.55 , 

509.65 

472.43-788 

. 
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Depth (m) Type Aquifer 

50 Total Ground water 
170 ? Saturated zone 
350 ? Saturated zone . 
485 Partial Reservoir 
540 Total Reservoir 

. 

Circulation losses: 

Remarks 

Cased-off 
Cased-off 
Cased-Off 

Relevant Information: 

No cuttings below 540 m depth. 

All logging runs before 1982 reached only to 540 m depth. These logs were run 
when the well had fully recovered after drilling and aquifers did not show up in the 
logs. The well produced fiuids of high enthalpy with increasing enthalpy from 1200 

Hlkg in 1975 to more than 1800 kJbg in 1982. This indicates that the main pro- 
duction came from the two phase zone of the reservoir. 

In 1982 a work-over was done on the well, after which the well had been open to 

780 m depth. The work-over totally changed the characteristics of the well. Produc- 
tivity decreased more than 50 8 and enthalpy decreased to less than loo0 kJ/kg 
such that its enthalpy corresponds now to the liquid temperatures in the reservoir. 
What really happened during the work-over is not clear to us. But it seems that 

the feed zones in the two phase zone are now sealed and the well produces from a 
deeper liquid feed. The location of that feed can't be seen h m  the data we have 
received. 
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Aquifers: 

o phase (plugged?) 
Two phase (plugged?) 

Data : 
imi 

t i  chemical Data : 09/74-08/85 
b 

Physical Data 01175-1 -L 
a; 

c; 
t; 

ij. i 

Initial conditio&: 

240% and 72W’ppm Q. 

Scattered 1975 and all 1976 data indicate very constant Na-K-Ca temperatures 
of 24WOC. Silica temperams are also constant at 235SOC. TE values are 
200C higher than Tmc, possibly suggesting boiling and heat transftr from 
rocks. The initial temperature is probably 240% 

AquXer chloride is also constant fram mid-1977 to 1981 at 72oM100 ppm. 
Earlier Cl values are lower except for a few values in late 1976. The low Q 
values are considered an artifact. The initial value is probably 7200 ppm. 

6 1  

L 
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Changes With Time: 

After early 1980, TE, which had been about constant at 26(#1OOC, suddenly 
increased to about 370% in mid-1981 and started to decrease in 1982. Lack 
of data interrupted our view of this decrease, but TE values were 24OOC or 
lower by 1985-86. The increase in enthalpy is mainly due to near-well boiling 
and heat transfer from rock (the temperature order TE>>TNKC>TSL indicates 
this) but there may also be addition of steam formed elsewhere (the 
differences between T ~ c  and T s ~  are small). The small  differences between 
indicated temperatures before 1980 suggest an equilibrated liquid with a small  
steam feed. 

Chloride was constant at 72o(n100 ppm until mid-1980, then climbed a small  
amount and after mid-1981 decreased to 6500 ppm in 1985. The climb in C1 
was simultaneous with the increase in enthalpy, indicating heat transfer from 
rock. 

summary: 

The large increase in TE without much difference between T ~ c  and TSL sug- 

gests entry of steam formed elsewhere. This possibly resulted from the forma- 
tion of a steam cap when pressures dropped due to the stopping of injection. 
The simultaneous increase then small decrease in chloride suggests boiling fol- 
lowed by limited cold-water entry also from pressure decrease. 

I -  
L 

t 

I 

I* 
1 
i 

L 

E 
L 
L 



WELL AH-5 
~ * _ _  _ . -  

PRODUCTION WE-LL 

Coordinates: 

Latitude : 311,081.09 m 

Drilling Dates: 

Started : June 6,1970 

Finished: June 30, 1970 
* I  

Workoover: 

Started : October 8,1972 

Finished: October 20,1972 
, -  

Purpose : To remove slotted liner 

Elevation: 789.45 m 

Depth: - 957.00 m 

1 

casing size 

175 1 "  

8f" 

.104.6 

468.8 

957 
I 

No liner 



Circulation losses: 

Depth (m) 

50 
325 
565 
585 

- C18 - 

T n e  Aquifer Remarks 

? Ground water Cased-Off 

? Reservoir 
? Reservoir 

? saturated zoni Cased-Off 

Depth (m) 

50 
325 
515 - 
590 
720 
920 

Relevant Information: 

Aquifer Contribution Remarks 

Ground water ? cased-off 
Saturated zone Major cased-off 

Reservoir Minor Two phase 
Reservoir Minor (?) Two phase 
Reservoir Major Liquid 
Reservoir Minor Liquid 

No cuttings between 320-468 m and below 585 xzi depth. 

Temperature logs show an internal flow in the well during recovery afler drilling. 
Aquifers are seen at bottom (920 m). 720 m, 590 m and 515 m depths. The 
discharge enthalpy of the well has remained around lo00 kJkg indicating that the 
lIliiin feed zone might be in the liquid portion of the reservoir. Pressure logs from 
1970 show scattering values, but in at least three logs, a pivot point is seen at 
around 700 m depth. . 

Aquifers: 



1 
& 

i; .  Geochemistry: 

- c19 ha0 

Data : 

Chemical Data : 02/73-05/80 (plus few 1972 and 1987 analyses) 

Physical Data : 04/75-05/80 

Initial Conditions: 

248OC and 8100 ppm Cl. 

Changes in chemical temperatures occurred Erom the start of production. The 
earliest Tmc are about 248OC and later data, despite scatter, extrapolates to 
near this value. Much earlier data on Cl arc quite variable, but 1973 and 
1978-1980 data are reasonably constant at 81Oof100 ppm. 

Changes With Time: 

We have no enthalpy before 1975 and the pre-1975 TMC and TSL values arc 
highly variable. After 1975, all temperatures decrease rapidly with 
T ~ ~ T ~ L > T B ,  indicating cold fluid entry. Based on TE, the fluid temperature 
was as low as 210-215OC in 1979-1980. The single 1987 m e m m c n t  sug- 
gest a smaU heating up or at least no further cooling. The sharp drop in Cl in 
1974 and recovery in 1978 suggest a break in the casing with entry of cold 
water. If this entry occuned below the casing, then it slowed (in 1976) and 
stopped (in 1978) with time. 

summary: . 

Scattered data suggesting cold-water entry starting as early as 1974. 
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WELL m-6 

PRODUCTION WELL 

Coordinates: L .  

Latitude : 310,791.22 m 

Longitude: 411,921.01 rn 

Drilling Dates: 

Started : 2, 1970 

Finished: February 24, 1970 

Elevation: 782.97 rn 

Depth: 591.16 rn 

d 

* b  . 

Casing Design: 

No liner , t  
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Depth (m) 

140 
250 
480 

Circulation losses: 

Type Aquifer Remarks 

? Saturated zone . Cased-off 
? Saturated zone Cased-off 

Total Reservoir 

Depth (m) 

140 
250 
460 
480 
550 

Relevant Information: 

Aquifer Contribution Remarks 

Saturated zone Minor cased-off 
Saturated zone Minor cased-off 

Reservoir Minor Two phase 
Reservoir Major Two phase 
Reservoir Major Two phase 

No cutting below 520 m. 

This well was completed into the two phase zone of the reservoir. The discharge 
enthalpy was about lo00 W/kg when production started but has since increased to 
more than 2200 kJ/kg. The production zone of AH-6 is only 150 m long. Tempera- 
ture logs during and just after drilling in 1970 indicate a minor aquifer at 460 m 
depth but the main aquifers are inferred to be at 480 m depth (the total loss of cir- 
culation) and 550 m depths. 

\ 

Aquifers: - 

i 
b 
t 

L 
1' 
b 
1 
1 
L 
c 

t 
L 

L 

I 



Geochemistry: 

Data : 
! 

Chemical Data : 02/72-04/87 

Physical Data : 07/76-12/83 (limited by enthalpy measurement) 

Initial Conditions: 

255OC and 8200 ppm Cl. 

Reasonably constant initial Tmc of 255-C and a few Tsn. values near 
245OC suggest 255OC and with Tsa affected by near-well boiling. Initial 
chloride values (in part extrapolated from later production) 8 f e  also well 
behaved at 8200 ppm. 

Chunges With Time: 

The first measured TE values in 1976 are only 1OOC higher than T ~ c  values, 
but TE increases rapidly due to near-well boiling and heat gain from rocks 
(with ordcr TE>TNKC>TS~). . Maximurn TE values of 37UtOC are reached in 
1981-84. Enthalpy values continue to increase after 1984 but cannot be plotted 
as TE values. T ~ c  and T a  gradually decline from 255' and 23OOC to 245' 
and 215°C. Chloride values an very scattered and show an apparent increase 
from 8000 pprn in 1974 to 9OOO ppm in 1987 and increasing instability after 
1978 and amounting to about loo0 pprn in 1987. This is probably due to 

near-well boiling related to the high excess enthalpy. 

summary: 

AH-6 became an excess enthalpy well swn after production started and pro- 
duced, after 1981, small flows with twice as much steam as water. These con- 
ditions and near-well boiling produced varying solute concentrations. 
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WELL AH-7 

PRODUCTION WELL 1 
b Coordinates: - 

Latitude : 310,342.10 m 

Longitude: 411,868.14 m 

Drilling Dates: 

Started : May 22,1970 

June 4,1970 

Work-over: 

Started : Septexnbex 21, 1972 

Finish& November 5,1972 

Purpose : To deepen the well 

Elevation: 804.79 m 

Depth: 950.00 m 

Casing Design: 

casing size casing size 
17-2 I n  

12;n 

103.63 

486.33 

13$" 96.73 

483.36 95" 
8 

950.00 

No liner 
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Depth (m) 

520 

I 

Type Aquifer Remarks 

? Reservoir 

L 

Depth (m) 

490 

520 
750 

Circulation losses: 

Aquifer Contribution Remarks 

Reservoir Minor Two phase 
Reservoir Major Two phase 
Reservoir Major Liquid 

Relevant Information: 

No cuttings below 520 m depth. 

Temperam logs after drilling show internal flow in the well between aquifers at 
520-530 m and 750 m depth. Rapid recovery at the casing shoe at 485 m depth can 

be explained by a minor two phase feed. Both pressure and spinner logs were con- 
ducted during discharge. The spinner survey shows that the inflows are from 
aquifers above 525 m depth (80%) and from an aquifer at 700-750 m depth (20%). 

The discharge enthalpy of AH-7 has varied between lo00 and 1200 kJlkg. This 
indicates that the deeper feed might be contributing more than the spinner log sug- 
gests. 

Aquifers: 

L 
t 
L 

I 

i 

L 
t 

I 
t 

c 



Geochemistry: 

Data : 

Chemical Data : 12f73-04B7 

Physical Data : 02/77-10/84 

Initial Conditions: 

262OC and 8600 ppm CI 

The first TNKc and Tsn. temperatures are near 2 5 5 O C .  These values diverge 
immediately, Tmc to oscillate around 2 6 W C  and "& around 245f5OC. 
T a  has been lowered by in-well dilution, so 262OC seems reasonable as the 
initial temperam. Initial aquifer Cl is near 8600 ppm with laterivalues 
slightly lower (calculated fnom T ~ c )  and higher (calculated from Tsn). A 
reasonable initial value is 86OOd2W ppm a. 

Changes With Time: 

As mentioned above, Tmc values oscillate murid 2 W ° C  until 1981-1982 
when they decline slowly to 2S7SoC in 1987. TSL oscillates around 
24Sf5OC until 1981-82 then increases slightly to 25W0 in 1987. The TE 
values are highly variable starting. at 227fSOC and becoming bimodal in 
1979-81, with most values centering on 235iSOC and some values following 
T a  at 25WoC. The general patterns of T~c>TsIL>TE and Tmc>Ts&sT~ 
suggest mixture of cooler water alternately in and close to the well with 
higher temperature (255OC) fluid further from the well cooled by mixture with 
cooler water to 245OC near the well and possibly 230% in the well. The cal- 
culated temperature of the cool water is near 8 5 O C .  

Chloride has also been relatively constant wirh 861K)f200 ppm values declin- 
ing after 1981 and possibly stabilizing after 1985 at 835(#200 ppm. Chloride 
calculated from measured enthalpy is more variable at 9200f400 ppm. 

summary: 

This very well-behaved well shows evidence of constant mixing of cooler and 
wanner waters at a variable distance from the well. 
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WELL AH-8 
Li 
1 
t, 

1 .  

INJECTION WELL - -  
I‘ . 

Latitude : 310,251.43 m 

Longitude: 411i457.71 m 
l i i 

L Drilling Dates: i 

Started : August 8, 1972 

Finished: September 18,1972 

- 

L 
e* 1 

t 
Purpose : TO remove biockage 

Elevation: 810.99 m 

Depth: 988.00 m 

u 

I 

li 
c Redrilled with 8 Whit at 582-710 m. Liner S l o w  



Circulation losses: 

Depth (m) 
235 
350 
485 
510 
865 
890 
950 
988 

- C30 - 

Aquifer Contribution Remarks 

Saturated zone ? Cased-Off 
Saturated zone ? cased-off 

Reservoir ? Two phase 
.Reservoir ? Two phase 
Reservoir ? Liquid 
Reservoir ? Liquid 
Reservoir ? Liquid 
Reservoir ? Liquid 

Remarks 

235 
350 
485 
865 
890 
950 
988 

Partial 
Partial 
Partial 
Partial 
Partial 
Partial 
Total 

Saturated zone 
Saturated zone 

Reservoir 
Reservoir 
Reservoir 
Reservoir 
Reservoir 

~~~ 

. Cased-Off  
Cased-Off  

Relevant In format ion: 

All available logs reached only as deep as 675 m. In 1975 the pressure at 200 mas1 
was 36 bar but had declined to 25 bar in 1987. Extremely high pressure values in 
the years 1976 to 1982 are due to reinjection into the well. Temperature logs show 
an aquifer at 510 m. Reinjection cools the well as deep as the logs were run so the 
deep loss zone was probably receiving some of the reinjection despite the obstruc- 
tion at 675 m depth. 

Aquifers: 

. 

L 

t 
1 
L 
L 
L 
t 
L 
t 
t 
t 
c 
L 
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WELL AH-9 
lj 

t 
Coordin.ates: t 

I Latitude : 309,408.23 m 

Longit&: 411,57257 m 
- 

L Drilling Dates: 

L 
L 
L 
L; 

Started : March 1, 1970 

Finished: March 27, 1970 

W 

Finished. March 27, 1970, 

Second 

Purpose : To deepen &he well 
I 

Elevation: 871.33 m 

Depth: 1424.03 m 
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Casing size 

1 7 ~  1 11 

127 1 11 

,AB1 
8 

7" 

i 
t 

L 

Depth (m) casing size Depth (m) 

90.83 

92. 484.48 

94.64 138  3 11 

8 

8 

488.14 

1424.03 7% 469.43-961 

. 1140.6 5" 1424.03 

Casing Design:. 

Liner slotted below 634 m depth. 

Circulation Loses: None. 

Retevant Information: 

. Several temperature logs were obtained from this well just after drilling in 1970 
and then almost every year since 1977. In 1970, the well was open to about 1200 
m depth. No aquifers are seen in the logs during the recovery. The temperatures 
are above 2OOOC below 700 m depth with a maximum of 235OC at 1170 m. Since 
1977, no logs have =ached deeper than 732 m depth. There appeared to be several 
obstructions in the well and most logs only reached to 611 m depth. Temperature 
at that depth is about 18OOC but in the few logs that reach to 732 m ternpentwe as 
high as 225OC was measured. In the depth interval 500-700 m temperatwe show a 
linear gradient of 0.3OUm. 

In 1976-78, the water level in the well was close to 300 m depth (294 m). This 
corresponds to a pressure of approx. 35 bars at 200 mas1 or similar pressure as in 
the geothermal reservoir. In later years, however, the water level has risen to 210 
-220 m depth. This is a similar pressure potential as in the saturated zone. 

- 

Aquifers: 

There are "no" aquifers in AH-9. 

Geochemistry: 

F 
L 

I 

i 
1 
i 
i 

1 

L 
1 
i 

I 
No data. 



WELL AH-10 

DRY HOLE 
" - _. 

Coordinates: 

Latitude : 312,447.81 m 

Longitude: 412 

\ . '  

Dri Dates: ,- 

- -  

Depth: 1524.00 m 

Casing ~ ~ i g n :  
I _ _  - 1 

Slotted below 1162 m 
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Depth (m) 

375 

Circulation losses: 

m Aquifer Remarks 

Total Saturated zone Cased-off 

Depth (m) 

375 

Relevant Information: 

Aquifer Contribution Remarks 

Saturated zone cascd-off 

No cuttings 375-492 m depth. 

We have only three tempram log from this well and no pressure logs. Two of 
the temperature logs were run two months apart in 1970 when the well was open 
to 1250 m depth. Thcy differ by about lOOC indicating heating up after drilling. 
Maximum temperam at 1250 m (bottom) is only 122OC. The temperature gradient 
in the deepest 500 m is 0.09 Wm. No aquifen can be seen in the logs. The water 
level in the well is not noted on the graphs we received for the logs run in 1970. 
The third log is from 1975. At that time the well was blocked at 414 m depth with 
water table at 105 m depth. As the elevation of the well is 724 masl, this 
corresponds to a pressure of 42 bar at 200 mad. 

Aquifers: 

This well is truly a dry well. 

Geochemistry: 

No data. 

I L 
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26" 100 20' 
. 171" 464 1 3 ~  3 '# I: 

I *  943 lo, 3" ti 127 
2 

WELL AH-11 
t 

- -  
DRY HOLE I 

Coordinates: 
i 

Latitude : 311,619.32 m 

Longitude: 412,319.08 m 
L 
L 

Drilling Dates: 

L Started : October 25,1972 

96.60 
462 

600 

Finished: January 11,1973 

Started : October 18,1973 

Finish& October 30, 1973 

Purpose : To dean out the well 

Elevation: 759.3 m 

Depth: p43.00 m 

id 

Casing Design: 

Liner slotted. 

LiI 
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1 

Depth (m) T W  Aquifer Remarks 

30 Total Ground water Cased-off 
325 Total Saturated Cased-off 
610 Partial Reservoir 
760 partial Reservoir 
785 Absorpt. Reservoir 
806 Absorpt. Reservoir 

Circulation losses: - 

Relevant Information: 

In 1973-75, the well was open to 940 m depth, but since 1976, the well has been 
blocked at about 340 m depth. The water level was at 195 m depth in this well 
after drilling but has sunk to 295 m depth in 1987. This is about u3 of the draw- 
down observed in the main well field. It is possible that the reinjection into well 
AH-2 has Muenad the pressure in AH-11. 

The early temperature logs, when the well was open to total depth, do not show 
any internal flow in the well and the only location where the logs indicate a possi- 
ble aquifer is around 500 m depth. Although well AH-11 seems to refiect the pres- 
sure in the reservoir zone, maximum temperatures a? 940 m depth are relatively 
low, only 1WC. In the saturated zone temperatures of 100-14OOC are seen. 



Aquifers: 

Well AH-11 has no major feed zone. 

30 
325 
500 
610 

760 
785 

I Remarks Aquifer Contribution 

Ground water 

Saturated zone 
Saturated zone 

Reservoir 
Reservoir 
Reservoir 
Reservoir 

cascd-off 
cased-off 

Geochemistry: 

No data. 
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WELL AH-12 
.- 

i; 
! 

DRY HOLE 

Coordinates: - .  L - 

Latitude : 31 1,493.50 m 
ti 

Longitude: 411,758.10 m I! 
i, 

Started : January _ _  15,1973 

Finished: 

t 
I; 

t 

Depth: 1003.00 m 

Casing Design: 

= .~ 

No liner 
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Circulation losses: 

Depth (m) 
0-50 
710 
740 

Type Aquifer Remarks 

Total Ground water Cased-off 
Absorption Reservoir 
Absorption Reservoir 

t 

Depth (m) 

11.50 
7 10 
740 

t 

Aquifer Contribution Remarks t 
L 

Ground water ? cased-off 
Reservoir . ? 
Reservoir ? 

L 
I 
t 
I Relevant Information: L 

'No well logs penetrated to total depth in this well. After drilling in 1973 to 1977 
all logging tools reached only to 562 m depth. In 1978 the well was found'to be 
blocked at 183 m depth. No logs are available after 1978. 

The logs show temperatures of 100-135°C down to 562 m depth. Water level 
remained stable in this 5 year period at 142 m depth and pressures at 200 mas1 is 
approximately 43 bar. The well is not connected to the geothermal reservoir, but 
gives on the other hand information on temperature and pressure conditions in the 
saturated zone. The high water table indicates that the pressure potential of the 
saturated zone is much higher than that of the reservoir. 

Aquifers: 

i 
L 
t 

k 
1 

i 
No data. 

t 



WELL AH-13 

PRODUCTION WELL 

Coordinates: 

. 

Latitude : 310,428.40 m 

Longitude: 412,479.68 m 

Drilling Dates: 

Started : August 9,1974 

Finished: August 21, 1974 

Elevation: 859.60 m 
* 

Depth: 831.00 m 

Casing Design: 

453.53-812.00 

Liner slotted. 



Circulation losses: 

- C42 - 

50 
75 
98 

450 
490 
540 
560 
580 
660 
770 

Absorption 
Total 
Total 
Total 
Partial 
Total 
Total 
Total 

Total 
Absw  ti^^ 

Aquifer I Remarks 

Ground water 
Ground water 
Ground water 
Saturated(?) 
Reservoir 
Reservoir 
Reservoir 
Reservoir 
Reservoir 
Reservoir 

CaSed-Off 
Cased-off 
cased-off 
cased-off 

ReIevant Information: 

No cuttings below 770 m depth. 

Temperature togs shortly after drilling in January 1974 and work-over in August 
1974 show at least thret aquifkrs. These found at about 550, 600 and 750 m depth 
and are in good agreement with the list of circulation losses. The fast recovery of 
the feed zone at 550 m indicates small cooling during drilling. This is therefore 
judged to be a minor feed. We have no data to determine which of the deeper two 
feeds dominates. This could possibly be seen from the discharge enthalpy as the 
aquifer at 600 m depth and is in the two phase portion of the reservoir where as 
the feed at 770 m depth is in the liquid portion. Despite the fact that this well is 
characterized as a production well we have no data on productivity and enthalpy. 
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L Aquifers: 

li 

50 

75 
98 

450 

490 

540 

561) 

580 
660 
770 

Geochemistry: 

No data. 

Aqu%er 

Ground water 
Ground water 
Ground water 

Saturated(?) 

Reservoir 
Reservoir 
Reservoir 
Reservoir 
Reservoir 
Reservoir 

Contribution 

? 

? 

? 

? 

? 

Two phase 
Two phase 
Two phase 
Liquid(?) 

Iiquid 

Remarks 

cased-off 
Cased-Off 
Cased-Off 

Cased-Off 
Two phase 
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WELL AH-14 

~. DRY HOLE 

Coordinates: 

Latitude : 310,938.58 m 

Longitude: 413,705.56 m 

Drilling Dates: 
I .  

Started : February 1,1974 

Finished: M a y  12, 1974 

Work-over: 

Started : October 19, 1976 

Finished: November 25,1976 

Elevation: 821.77 rn 

casing size 

. ~ 26" 
177 1 1* 

12a 1 11 

gl" 
2 

64" 

97.00 
550.00 

w i g  size 

20" 
138 3 11 

72" 
8 

96.00 

348.00 

464.60 

Liner slotted. . 



Circulation losses: 

90 
150 
260 
360 
420 
550 
600 
640 

- C46 - 

Total 
Partial 
Total 
Total 
Partial 
Partial 
Total 
Total 

Relevant Information: 

No cuttings below 640 m depth. 

Aquifer I Remarks 

Ground water 
Saturated(?) 
Saturated(?) 
Saturated(?) 
Saturated(?) 
Reservoir(?) 
Reservoir(?) 
Reservoir(?) 

CaSed-off 
cased-off - 

CaSed-of f  
cased-off 
Cased-off 

This well is considered dry &spite of the total losses of circulation. The well is in 
pressure communication with the geothermal reservoir and a plessure drawdown of 
6 bar has been obsmed since 1975. The temperature profile is conductive down to 
800 m depth with a gradient of about 0.2OQm. Temperature at the total loss zones 
at 600-640 m depth is 185-1WC. The well has been plugged. at about 800 m 
depth since 1980. Earlier logs show that the temperature increases only slightly 
from 800 to lo00 m depth reaching a maximum of about 24OOC at bottom. The 
temperatures in AH-14 are well below boiling at all depths. Further it should be 
noted that the temperature at 1OOO m depth is one of the hottest temperature meas- 
ured in Ahuachapan. 

Temperature logs run right after drilling show aquifers around 550,650 and 720 m 
depth. There seems to be an internal fiow between these aquifers. The total loss 
zone at 600 m depth is not seen in the logs. Temperature pf i les  in the well after 
full recovery from drilling didn’t show any internal fiow. We have no data other 
than the circulation losses to determine the relative productivity of these aquifers. 



Aquifers: 

90 
150 
260 
360 
420 
550 
640 
720 

Geochemistry: 

No data. 

Aquifer 

Ground water 
Ground water,Saturated(?) 

Saturated 
Saturated 
Saturated 
Reservoir 
Reservoir 
Reservoir 

t 
E 

contribution 

Major 
mor 
Major 
Major 
Minor 

Minor(?) 

Major(?) 
Minor(?) 

Remarks 1 
Cased-off 
CaSed-off 
Cased-off 
cased-off 
Cased-off 

Liquid 
Liquid 

Liquid. 
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, -  

DRY HOLE 

casing size Depth (m) Casing size Depth (m) __ 
L 

26" 99.72 20" 98.00 

491.00 175 1 I t  13-g 3" 

12$" 704.00 

505.00 

Coordinates: 

- c49 - 

WELL AH-15 

Latitude : 310,834.44 m 

Drifling Dates: 

Started : August 26, i974 

Finished. October 19, 1974 

- -  

. Elevation: 772.68 m 

Dept'h: 704.00m 

Casing Design: 
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Depth (m) 
505 

Circulation losses: 

- ~~~ 

Type Aquifer Remarks 

Absorption Saturated zone(?) 

Depth (m) 

505 

Relevant Information: 

7 

Aquifer Contribution Remarks 

Saturated zone Minor 

In 1974 to 1976, all logging runs reached to 558 m depth. Later logs only reached 
down to 390 m. This is within the 9 5/8" casing. The water level is at about 140 m 
depth and has not changed since 1974. The well is obviously not comected to the 
geothermal rese~~oir but the question is whether the water level corresponds to the 
pssure in the saturated zone or the well totally plugged at 390 m depth. Tem- 
peratures are close to l W C  at the water table inmasing to 125-13OOC at 390 m 
depth. This is one of the few wells where infoxmation on temperatures is available 
in the saturated zone. 

Aquifers: 

This seems to truly a dry well. The only indic-tion of an aquifer is the absorption 
ofthecirculating at: 

Geochemistry: 

L 
L 
I 

t 

No &ta. 

c 
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WELL AH-16 

PRODUCTION WELL 

Coordinates: 

h-titude : 309,948.09 m 

Longitude: 412,106.16 m 

Drilling Dates: ~. 

Started : May 19, 1974 

Finished: August 5, 1974 

Work-over : 

Started : December 1,1976 

Finished: February 28,1977 

se : To deepen the well 

Depth: 1006.00m 

. CasingDesi . -  

Casing size 

26" 

91" 
8 

1006.00 10s 3" 485.10-750 

1006 

The h e r  is slotted from top to bottom. 



Circulation losses: 

7 

Depth (m) Type Aquifer Remarks 

60 Total Ground water cased-off 
140 Total Saturated(?) cased-off 
300 . Total Saturated cased-off 
600 partial Reservoir 
650 Total Reservoir 

. 

1 

i -a2- 

Relevant Information: 

No cuttings below 930 m depth. 

We have several temperam logs after work-over in 1977. The heat recovery after 
the work-over is dominated in the upper portion of the well by a steam rich aquifer 
at about 620 m The fast recovery indicates smal l  cooling of this aquifer during the 
work-over. Below 620 m, the temperature profile is near isothermal indicating an 
internal flow in the well. The flow direction can't be determined Erom the logs but 
normally a downfiow is observed in wells after drilling and wozk-over. In this well, 
the flow seems to be fiom the total loss zone at 650 m depth to an aquifer close to 

bottom at lo00 m. Further, the logs show an anomaly at about 850 m indicating an 
aquifer at this depth. 

The well produces a high enthalpy fluid (1800 Id/kg). This indicates that the xqin 
feed zone is located in the two phase portion of the well. 
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1 .  Aquifers: 

t 
1 
L 
I 
L 

t 

i 
li 

Ey 

Y 

60 
140 
300 
600 
650 

850 
lo00 

Ground water 
GrounUSaturated 

Saturated zone 
Reservoir 
Reservoir 
Reservoir 
Reservoir 

Contribution 

Major 
Major 
Major 
Minor 
Major 
mor 
mor 

Geochemistry: 

Data : 

Chemical Data : 12/8603/87 (2 analyses) 

Physical Data : none 

summary: 

Remarks 

CaSed-off 
cased-off 
CWd-Off 
Two phase 
Two phase 

Liquid 
Liquid 

The few data indicate a Tmc of 243SoC and Tm of 237SOC. These are 
reasonable when compared to other wells. The data are too few to suggest 
changes with time or production mechanism. 
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. *  

WELL AH-17 

ti 

L 

L 

INJECTION/PRODUCTION p7ELL 

Coordinates: 

Latitude : 310,781.95 m 

Longitude: 411,697.32 m 

Drilling Dates: 

Depth: 1200.00 m 

Casing Design: 

L 

Started : June 29,1976 

Finished: August 30, 1976 

Work-over: ' 

Started : February 22,1979 

Finished: March 8, 1979 

Purpose : To place a slotted liner 

Elevation: 773.00 m - 

The liner is slotted from top to bottom. 
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Depth (m) 

130 
468 

I 
L 

~ ~ ~~ 

Type Aquifer Remarks 

Total Saturated(?) Cased-off 
Total Reservoir 

t 
L Circuiation losses: 

Depth (m) 
’ 130 
468 
600 
870 

Aquifer Contribution Remarks 

Saturated(?) Major aquifer cased-off 
Reservoir Major feed Two phase 
Reservoir Minor feed Two phase 
Reservoir Major (injection) Liquid 

Relevant Information: 

No cuttings below 780 m depth. 

Spinner log shows that 98% of the injected fluid reaches 773 m depth but no 
spinner signal was detected at 873 m depth. Almost none of the in#cted fluid 
enters the feed zone at 468 m depth. This is rather unusual as the liner is slotted 
at that depth. When discharged the well produces dry steam so the main feed zone 
during discharge must be the aquifer at 468 m Temperature logs shortly after dril- 
ling show clearly the aqui€er at 468 m depth. Logs in 1980/81 show aquifer at 
about 600 m depth. The loss zone during reinjection is not easily seen in the logs. 
Earlier logs show, though, small cooling below the 468 m aquifer down to about 
870 m depth. Bottom hole temperatures in AH-17 have been fairly stable since 
1976 at 210-215OC. 

Aquifers: 

. 



Geochemistry: 

Data : 

Chemical Data : 02/85-04/87 

Physical Data”: 12/81-12/86 

summary: 

The well produces dry s t e m  The few water analyses are of condensate and a 
small amount (5%) of deep water. They do not yield useful geothermometers 
or aquifer chlorides. 
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WELL AH-18 
L 

1- 

_I - 

PR ON WELL 
L 

1 

i : 309,745.32 m 
f 
L ngitude: 412,852.31 m 

i; Drilling Dates: 

^ .  

Started : March 9, 1977 & 
Finished: May 24,1977 

t 
4 

1. . 

I 
CJ 



Circulation losses: 

31 
43 
53 

175 
225 
325 
540 
790 
906 

Total 
Total 
Total 
Total 
Total 
Partial 
Partial 
Total 
Total 

Aquifer 

Ground water 
Ground water 
Ground water 

Ground water(?) 
Ground water 

Saturated 
Saturated 
Resavoir 
Reservoir 

Remarks 

CaSed-Off 
cased-off 
cased-off 
Cased-off 
Cased-off 
Cased-off 
casd-off 

Relevant Information: 

No cuttings below 930 m depth. 

Very good temperature and pressure logs  ax^ available for this well during the 
heating up period after drilling. The pressure logs show a pivot point at about 
800-850 rn depth, in good agreement with the Circulation losses. The temperature 
logs show gradual increasing temperatures and the recovery seems to be disturbed 
only to a small degree by internal flow. We have very little productivity data from 
this well. A flow test report from 1984 does not say anything about flow rate and 
enthalpy as no lip pressure readings were obtained because of the large lip pipe 
used (6”). It is clear, though, that the flow rate is low and as the main loss zones 
during drilling are relatively deep, liquid enthalpy is to be expected. Logs run 
shortly after the flow test show cooling down to at least lo00 m depth. The well, 
has therefm boiled during discharge to at least that depth indicating a feed zone 
below lo00 m. 

It should be noted that the temperature logs show increasing temperature with 
depth. Before 1983, bottom hole temperam was measured at approximately 
24OOC but later most values show temperature of 244-245OC. This increase is large 
enough to be explained solely as a calibration emr  of the gauges, so possibly the 
temperatures in the south around well AH-18 has increased with time. 
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Aquifers: 

Aquifer I Contribution 

31 
43 
53 

175 
225 
325 
540 
790 
906 

Remarks 

Ground water 
G r o d  water 
Ground water 

GrouncVSaturated(?) 
Ground/Saturated(?) 

Saturated zone 
Saturated zone 

Rtservoir 
Reservoir 

Major 
Major 
Major 
Major 
Major 
Minor 
Minor 
Major 
Major 

Geochemistry: 

No data. 

Cased-off 
Cased-off 
Cascd-off 
Cased-off 
Cased-off 
Cased-off 
Cased-off 

Two phasefiquid 
Liquid 
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WELL AH-19 
" .  

I 
. .  - .  

PRODUCTION WELL 

i 

Latitude : 310,331.55 m 

Longitude: 412,759.49 m 

Drilling Dates: 

Started : October 20,1977 

Fished. February 28,1978 

Elevation: 873.3 m . 

Depth: 141550 m 

Casing Design: u 

The liner is not slotted. 
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Circulation losses: 

40 
50 
60 
80 

120 
220 
290 
300 
700 
770 

Total 
Total 
Total 
Total 
Partial 
Partial 
Total 
Total 
Total 
Total . 

Aquifer 

Ground water 
Ground water 
Ground water 
Ground water 

GroundBaturated 
Saturated 
Saturated 
Saturated 
Reservoir 
Reservoir 

Relevant Information: 

~ ~~ 

Remarks 

Cased-Off 
Cased-Off 
Cased-Off 
Cased-Off 
Cased-Off 
Cased-Off 
Cased-Off 
Cased-Off 

The well was cased to the bottom of the two phase zone. During heating up after 
drilling in 1978, temperature logs show an internal flow in the well between the 
aquifers at 700, 770, 1100 m depth and possibly the bottom ( 1370 m depth), 
Resemoir amperame is approximately 23OOC. and the discharge enthalpy about is 
1050 Hkg, which is close to the liquid enthalpy of 23OOC water. It is inferred that 
the total loss at 700 m depth is the main feed zone but we have very little data to 
support this. 
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IJ Aquifers: 

40 

50 
60 

e ,  f 80 
120 
20 

290 
300 
700 
770 
1 loo 

1370(?) 

Ground water 

"Saturated zone 
Saturated zone 

Reservoir 
Reservoir 
Reservoir 
Restrvoir 

Contribution Remarks 

cased-off 
- cased-off 
Cased-Off 

. Cased-off 
' cased-off . 

cased-off 
Cased-off 
Cased-off 

Two phiiselliquid 
Two phaseMquid 

~ Liquid 
Liquid 

Geochemistry: 

Data : 

Chemical Data : 07/84-04/87 

Physical Data : 12/83-12/86 

Initial Conditions: 
I 
F l  w 

233OC and 6100 ppm Cl. 

T ~ c  and Tsa are remarkably constant and nearly the same for the entire 
chemical record except for the first 6 months. TNKc is 240f5OC from July 
1984 to February 1985 and 234SoC from February 1985 to April 1987. Tsn. 
is 23WOC for the entire period. It seems most likely that the initial 
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temperature was 233OC. The aquifer C1 was also constant at 61oof100 ppm 
until 1986. Initial aquifer Cl was therefore 61001t100 ppm. 

Changes With Time: 

Enthalpy temperatures (Td were 233OC when first measured but declined to 
22WoC rapidly and remained constant thereafter. The Tmc exceeded Tsn. 
by about 5 O C ,  except late in 1985 when they were fairly similar. The TE is 
about lOOC lower than other indicated temperatures, which suggests a small 
amount of cooler water mixture. The differences are small and it seems likely 
that the well produces from a single-phase, equilibrated fluid without either 
boiling or major mixing with cold water. Chloride was constant at 61o(H100 
ppm from 1984-86 and then decreased to 5700 ppm in 1987. 

SUmmary: 

An unusual behavior for Ahuachapan well with no excess or deficiency in 
enthalpy. A well-behaved single-phase, single-feed well. 
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WELL’ AH-20 
._ .- . , .  . . ”  . _ -  . . . . .  ~. 

PRODUCTION WELL 

Coordinates: 
- 

Latitude : 310,986.42 m 

Longitude: 412,087.47 m 

DrilIing Dates: 

Started : October 24,1974 ‘ 

Finished: December 20,1974 L 
I; 

1 

Work-over: 

Started : July 27,1982 

Finished: August 8, 1982 
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Depth (m) 

50 
460 

Circulation losses: 

Type Aquifer Remarks 

Absorption Ground water cased-off 
Total Reservoir 

Depth (m) Aquifer Contribution Remarks 

50 Ground water Minor Cased-Off 

460 Reservoir Major Two phase 
500 Reservoir Major(?) Two pahse 

i 

Relevant Information: 

No cuttings below 0 . m  depth. 

Temperature logs show an aquifer at 500 m depth. A pivot point is seen at that 
depth from the pressure logs in 1976. As the well produces a high enthalpy fluid 
(1200-1500 kJ/kg), most of the fluid must be from the two phase portion above 
600 m depth. The work-over in 1982 did not change the production characteristics 
of the well. 

Aquifers: 

Geochemistry: 

Data : 

Chemical Data : 06/76-04/87 (i-2 analyses in early 1975) 

Physical Data : 06/76-12/86 



Initial Conditions: 

252OC and 7900 ppm Cl. 

Values of Tmc were 26(H5OC for early 1975 and 257flOC for June to 
October 1976 with a steady decline afterward. Tsa was 234f2OC for the 
same period. Initial TE values were 247f6OC but increased rapidly after a 
year. This well probably had near-well boiling (indicated by increase in Td so 
Tm is probably low. The likely initial tempera- is 252k5OC. Initial chloride 
values of 7 7 ~ 1 0 0  ppm (April 1975-March 1977) are probably low. Con- 
stant Q of 79oof100 ppm measured fiom April 1977 to August 1978 are 
more likely to reflect initial values. 

Changes With Time: 

t 
i 
L 
L 
c 

After a year of production, TE rapidly increased to a maximum of 3 W C  in 
1982 and declined afterward to about 3OOOC. Tmc and Tm declined steadily 
from 2 W C  and 234°C to 24OOC and 220% respectively. This temperature 
behavior (TE>TMC>TSIL) indicates near-well boiling from January 1977 (and 
possibly earlier) with heat transfer from the rock. This ~ r o c t s s  declined in 
intensity after 1982. Chloride in the aquifer fluid declined steadily after 1977. 
The declines in T ~ C .  Tsa and chloride may indicate &reasing dilution with 
cooler, more dilute water. 

summary: 

A classical exctss-enthalpy well with near-well boiling. 

i 
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WELL AH-21 

PRODUCTION -WELL 

Coordinates: 

Latitude : 310,601.15 m 

Longitude: 412,059.04 m 

b 
Started : December 27, 1974 

iu 

L 

Finished March 4, 1975 

Elevation: 795.0 m 

Depth: 849.40 m 

Casing Design: 

L 

I 
t 

1 ; i  
L Liner slotted below 500 m depth. 
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Depth (m) 

430 
5 10 

Circulation losses: 

TYPe Aquifer Remarks 

Total SaturatedReservoir Cased-off 
Total Reservoir 

Depth (m) 

430 
500-550 
600 

800-849 

Relevant Xnformation: 

Aquifer Contribution Remarks 

Saturated/Reservoir(?) Major Cased-off 
Reservoir Major Two phase 
Reservoir Major Two phase/Liquid 
Reservoir Minor Liquid 

Temperature logs after drilling in 1975 and work-over in 1976 show aquifers at 
450-500 m. The cooling after work-over also indicates loss of circulation fluid at 
550-600 and 849 m depths. The enthalpy is relatively high, 1100-1200 kJkg, indi- 
cating that most of the fluid produced must be from the two phase portion of the 
reservoir. 

Flowing temperature and pressure surveys conducted in 1983 at a rate of 76 kg/s 
showed main feedzone at 500-600 and a minor inflow at the bottom of the well. 

Aquifers: 

Geochemistry: 

Data : 

Chemical Data : 04/75-04/87 

Physical Data : 08/76-10/86 
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Initial Conditions: 

257OC and 8500 ppm C1. 

Temperatures indicated for this well are difficult to interpret. T N ~ c  suggests 
257OC but both TSIL and TE suggest much lower temperatures near 23OOC. 
Although higher temperature fluids were not far away, mixing with cooler 
water has reduced the temperature feeding the well to 230OC. Initial chlorides 
oscillated but must have been near 8500 ppm. 

Changes With Time: 

As noted above, cooler water mixture is indicated from the start but rising 
values of TE until 1981'with TE falling afterward could result from decreasing 
and increasing cold-water mixture. Chloride contents showed a slow decline, 
however, without evidence of decreased dilution so it appears probable that 
the enthalpy perturbation was due to addition of excess steam. TNKc, TsL 
and chloride show a slow decline, suggesting stable inflow of water from 
cooler parts of the reservoir. After 1979, the T~c>TE=T~IL pattern 
mixture with cooler water far enough from the well for silica to 
equilibrated. 

indicates 
be fully 

Summary: 

An unusual well with both cold-water at a distance (high T ~ c )  and excess 
enthalpy probably from addition of steam. 
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WELL AH-22 
-~ 

r = -  

PRODUCTION WELL 

Coordinates: 
t 

, Latitude : 310,632.21 m 
I 

. I  

Longitude: 412,558.65 m -I 

Drilling Dates: 

Started : March 9,1975 

Elevation: 842.0 m 

Depth: 659.50 m 

Casing  design:^ 

No liner. 
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Depth (m) Type 

20-70 Total 
89 Partial 
130 Partial 
270 Partial 
3 10 Partial 
500 Partial 
520 Partial 

I 

i 

Aquifer Remarks 

Ground water CaSed-off 
Ground water cased-off 
Saturated(?) cased-off 

Saturated cased-off 
Saturated cased-off 
Reservoir cased-off 
Reservoir 

t 
L 
t 

CircuIation losses: . 

~ 

Ground water 
Ground water 
Saturated zone 
Saturatexizone . 
Saturated zone 
Reservoir 
Reservoir 
Reservoir 

L 

~~ 

Major 
mor 
Minor 
Minor 
Minor 
Minor 
Major 

Minor(?) 

Relevant Information: 

This well has a high discharge enthalpy of 1200 H/kg indicating that the main feed 
zone is within the two phase region. The loss zone at 520 m depth is most likely 
the main feed. This aquifer doesn’t show up in the temperature logs but imgulari- 
ties in the logs at abut 600 m depth indicate a feed zone at that depth. 

Aquifers: 

20-70 
89 

130 
270 
3 10 
500 
520 
600 

Remarks 

cased-off 
cased-off 
cased-off 
cased-off 
cased-off 
CaSed-off 
Two phase 

Two phasehiquid 
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Geochemistry: 

Data : 

. Chemical Data : 07/76-04/87 

Physical Data : 07fi6-12/86 

Initial Conditions: 

24OOC and 6900 ppm Cl. 

TMC and TSL are remarkably similar and constant, indicating Atii , tempera- 
tufes of 24M4OC and 23614OC. TE is higher, suggesting boiling (and steam 
entry), which might explain the slightly lower Ts~,  value. 24obC seems a good 
initial temperature. Chloride initially at 690atlOO ppm shows a slow rise. 

Changes With Time: 

High and variable TE values suggest boiling or the addition of excess steam. 

cause of high enthalpy is probably addition of steam (TE>TNKC=TS~). 
Chloride shows a rapid decrease in 1981, indicating the d v a l  of the chemical 
(or "hydraulic") front. Chloride values more or less stabilize after 1983, sug- 
gesting that the cooler water (now heated by resmoir rock) had about 6200 

PPm CL 

- Near concordance of T ~ c  and TSL suggests limited W i g ,  so the major 

summary: 

Addition of steam causing high TE with no effects on Tmc or TSL and the 
arrival of a lower chloride water without effect on indicated temperatures sug- 
gests both independent steam entry and ariivd of a chemical front. 
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WELL AH-23 
. -  

PRODUCTION WELL 

Coordinates: 

tude : 310,621.45 rn L 

L Longitude: 412,349.73 m 

L Drillind Dates: 

L Started : July 7,1977 

Finished: September 10, 1977 L 
Elevation: ,825.4 m i d  

b 
Casing Design: 

L 

b 
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Depth (m) 

50 
125 
225 
240 
270 
350 
460 
525 

. 

Circulation losses: 

Type Aquifer 

Total Ground water 
Total Saturated(?) 
PWal Saturated(?) 
Total Saturated(?) 
Total Saturated(?) 
Partial Saturated(?) 
Partial Reservoir 
Total Reservoir 

Remarks 

cased-off 
cased-off 
Cased-Off 
Cased-off 
Cased-off 
cased-off 

Relevant Information: 

No cuttings below 775 m depth. 

Early temperam logs show an aquifer as 525 m depth. High discharge enthalpy of 
1200 U/kg indicates that the main feed zone is in the two phase portion of the 

b 
1 
1: 
c 
1 
t 
1' 
I 
ai 
c 
L reservoir but the ttmperahlrc logs do not excludc a minor deep liquid inflow. 

Aquifers: 

50 
125 
rn 
240 
270 
350 
460 
525 

Ground water 
Ground/Saturated(?) 

Saturated zone 
Saturated zone 
Saturated zone 
Saturated zone 

Resemoir 
Reservoir 

Contribution 

Major 
Major 
Minor 
Major 
Major 
Minor 
Minor 
Major 

Remarks 1 
cased-off 
cased-off 
cased-off 
Cased-off 
cased-off 
cased-off 
Two phase 
Two phase 

b: 
L 
1 
L 
c 
L 
L 
c l  
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Geochemistry: 

Data : 

Chemical Data : 01/80-04/87 

Physical Data : 01/80-12/86 

Initial Conditions: 

245OC and 7100 ppm c1. 

Although the earliest TE and T S ~  indicate 227OC, all Tmc and some TSL and 
TE values (at times when there is no excess enthalpy and no expansion of 
boiling) are near 2 4 5 0 ~ ;  this seems to be the n~ in id  temperature. ~ t i a ~  
chloride (extrapolated from later measurements) is near 7100 ppm from T ~ c  
and 7400 ppm from T m  The best guess i s  7100 ppm. 

Changes With Time: 

This well shows clear evidence of episodic boiling and heat transfer as the 
boiling zone expanded. At various times, Tg~Tmc>Ts&, indicating near-well 
boiling without heat transfer from the rock .(in 1981 and 1983); 
T~>Tmc>Tsa, indicating boiling with heat transfer (in 1981 and aftex 1984); 
and T E = T ~ ~ T ~  indicating an all-liquid feed (in 1982). Chloride decreased 
steadily (with a small increase in &om 1983-1984 related bo boiling and 
increase in Td from 7100 ppm in 1980 to 6100 pprn in 1981. 

summary: 

A well with excess enthalpy due to boiling not addition of steam. 
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WELL AH-24 

PRODUCTION WELL 
. .  ,Coordinates: 

I -  

~ Latitude : 310,616.08 m 

Longitude: 411,852.48 m 

Drilling Dates: 

Started : April 27,1975 

Started : March 22; 1976 

Finished: J~ne 14,1976 

- -  * : TO repair casing has now a constriction. 
- 

Elevation: 783.1 m 

Depth: 850.00 m 

i Liner slotted. 
b 

L 
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Depth (m) Type 

96 Total 
452 Total 

i e 

Aquifer Remarks 

Ground water Cased-Off 

Reservoir 

Circulation losses: 

Depth (m) 

96 1 

452 
650 

I e 

Aquifer Contribution Remarks 

Ground water Major aquifer cased-off 
Reservoir Minor(?) Two phase 
Reservoir Major(3) Two phaseuquid 

- 
Aquifers: 

I 
I a 
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Geochemistry: 

Data : 

-C85 fcr6 

Chemical Data : 07/78-04/8’7 
L 

Physical Data : 11/18-12/86 

Initial Conditions: 
i 
t 

2 W C  and 8500 ppm Cl. 
1 

i 

L 
This is a high-temperam well that was cooled almost from the start by cold 
water. Initial Tmc is near 2 W C  with the first TE near 257T and Tsn, near 
25OOC. Initial chloride is 8500 ppm. 

Changes With Time: 

TE is extremely variable but appears to have decreased rapidly to about 
22oOC. much lower than other indicators. T=c>Ts~pTi, indicating &ture 
with cold water in the wellbore and near the well and partial re-cquilibration 
of TSE The fraction of cold water has varied a bit as indicated by higher Cl 
when TE is higher (as in January 1981 and June 1982, as well as the reverse 
in September 1981). The partial re-equilibration of TSE prevents calculation of 
the cool water temperature. 

b 

e 
i d -  

s-ry 

A deficient enthalpy well with evidence of variable cold-water admixture. 

. 
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u 
WELL AH-25 

u 
Bi 

. . "  

DRY HOLE 

Coordinates: 

Latitude: 310,887.24 m 

Longitude: 412,303.58 m 

DrilIing Dates: 
b 

Started : May 29,1975 

Finished: August 27, 1975 

1: 

Elevation: 798.5 

Depth: 943.30 m 

c 
D 

Casing Desi 

casing size 

177 1 I1 I 

12$" 

83, 
4 

96.5 I 135" 

92" 

751 
8 

8 

507.0 

943.0 

Liner slotted. 

1 

94.8 

506.0 

485-928 



Circulation losses: 

Depth (m) 

50 

-C88- 

Type Aquifer Remarks 

Total Ground water Cased-Off 
Partial 
Partial 
Partial 
Partiai 
Total 

175 
200 
425 
590 
675 

Saturated zone 
Saturated zone 
Saturated zone 

Reservoir 
Reservoir 

Cased-Off 
Cased-Off 
Cased-Off 

Relevant Information: 

This well is considered dry, however, a total circulation loss occurs at 675 m depth 
during drilling. Temperature logs shortly after drilling indicate no internal flow in 
the well. A minor feed zone is inferred at 800 m depth and a feed zone at 500- 

600 m depth. As the logs do not show any anomaly at 675 m depth, it is suspected 
that the total loss might have occured shallower at 500-600 m depth. The latest 
logs show an isothermal temperature profile from 550 m depth down to the bottom 
at a temperature of 210-215OC. The highest temperam of 23OOC was measured in 
1975-77 at 500-650 m depth and at the bottom at 22OOC. 

. 

A pair of pressure logs from 1975 and 1977 show a pivot point at 600 m depth. 
This indicates that the circulation loss at 590 m &pth is the "best" feed of this 
well. 



L 

Depth (d Aquifer Contribution 

50 Ground wam Major 
175 Saturated zone Minor 
200 Saturated zone Minor 
425 Saturated/Reservoir(?) Minor 
590 Reservoir "Best" feed 
67 Reservoir ? 

800 Reservoir Minor 

L Aquifers: 

Remarks 

cased-off 
Cased-off 
cased-off 
cased-off 

Two phase 
Liquid 
Liquid 
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Geochemistry: 

* 

No dam 
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WELL AH-26 

PRODUCTION WELL 

Coordinates: 

Latitude : 310,750.00 m ~ 

Longitude: 412,080.00 m 

Drilling Dates: 

Started : Scpte 9 

Finished: 

Depth: 804.00 m 

Casing Design: 

*_ - 

No liner. 
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Depth (m) 

48 
54 
41 1 

413-461 
470 

Circulation losses: 

Type Aquifer Remarks 

Partial Ground water cased-off 
Total Ground water cased-off 
Total Reservoir 
Partial Reservoir 
Total Reservoir 

Relevant Information: 

A spinner log was run in this well during discharge in 1979. The log show half of 
the inflow was from the interval 410-450 m and the rest from 450-500 m depth. 
These were in good agreement with the circulation losses. High discharge enthal- 
pies of 1600-2200 kJkg also indicate that most of the fluid is from the two phase 
zone that extends in this well to abbut 550 m depth. Pressure log during discharge 
show that the well bois to the deepest measuring point at 616 m. Some idow 
must, therefm, be below that depth but it is difiicult to estimate the amount of 
fluid coming from this deep feed from the log profile. The exact location of this 
feed is believed to be .at 650 m based from the temperature logs. 

Aquifers: 

Depth (m) 1 . . Aqu3er I Contribution I Remarks I 
48 
54 

41 1 
470 
650 

Ground water 
Ground water 
Reservoir 
Reservoir 
Reservoir 

mor 
Major 
Major 
Major 
Minor 

Cased-Off 
cased-off 

Two phase 
Two phase 

Liquid 
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Geochemistry: 

Data : 

Chemical Data : 07/7604f87 

Physical Data : 08/76-12/87 

Initial Conditions: 

254OC and 8OOO ppm Cl. 

This well had elevated TE and depressed Tsa (due to boiling) from the start 
of data collection. The initial TNKC was 254S°C, which was near constant 
until 1979. Except some initial scatter, aquifer chloride was constant at 
8000&100 ppm from 1977 to 1979. 

Changes With Time: 

The entire histmy of this well shows the pattern T~>Tmc>Tsa and near con- 
stant temperature differences, suggesting stable boiling and heat transfer from 
rock. The near stable temperam values suggest that the W i g  was at some 
distance from the well (but not far enough for MCC re-equilibration). The start 

of boiling is not shown in our data and may have been caused by production 
of another well or during well tests. A slow decrease of 8-1OOC is seen in 
Tmc and TSE (197701987). with an increase in TE in 1978 followed by a 
slow decrease (and decreasing scatter). Chloride decreased slowly to 
7ooof150 ppm in 1987. 

. 

summary: 

A well with uniform boiling and conductive heating at a moderate distance 
from the well. Some cold-water addition (and boiling?) has slowly decreased 
temperatures and chloride concentrations. 
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WELL AH-27 

1J PRODUCTION WELL 

Coordinates: 

t Latitude : 310,313.00 m 

E, 
t '  

Longitu&: 412,067.00 m 

Drilling Dates: 
b 

Started : Match 6, 1978 

Finished: April 29,1978 
I2 
L .> 

Elevation: 822.47 rn . 

- w Depth: 80.00m 



496- 1 

Depth (m) Type Aquifer Remarks 

0-90 Mal Ground water cased-off 
50 Total Ground water cased-off 
425 partial ReSCIVOir 

500 Total Reservoir 
+ 

Circulation losses: 

Contribution 

Minor 
Major 
Minor 
Major 

Major(?) 

Remarks 

Cased-off 
Cased-off 
Two phase 
Two phase 

Two phasemquid 

Relevant Information: 

No cuttings below 500 m depth. 

Temperature and pressure logs indicate the "water level" un&r pressure at 550 m 
depth. WHP has decreased from 23 bar in 1979 to 17 bar in 1987. Pressure decline 
at bottom during this period is 6 bar. 

In the temperature logs, a lOOC temperature peak at 722 to 772 m depth indicates a 
fetd zone in this interval. Bottom hole temperature values are among the highest 
mtasund in the field (2WC at 796 m dtpth) and it is likely that the well boils up 
to the bottom during discharge. The discharge enthalpy is betryeen 1060-1200 
Hkg. 

Aquifers: 

0-90 
50 
425 
500 
750 

Ground water 
Ground water 

Reservoir 
Reservoir 
Reservoir 
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Geochemistry: 

Data : 

Chemical Data : 01/81-04/87 

physical Data : 10/80-12/86 

Initiui Conditions: 

2 W C  and 7500 (7900?) ppm Cl. 

The first six months of production show the influence of near-well boiling and 
excess enthalpy from rock heating, but this changes to stabilized boiling soon 
with T E = T ~ ~  Until 1983, Tmc is 2 M o C .  Earliest aquifer chloride is near 
7900 ppm but rapidly decreases to 7500f200 ppm. "he higher concentrations 
may be influenced by boiling. 

Changes With Time: 

Chloride and enthalpy tend to change together with peaks in 1980-81. 1983-84 
and possibly (with scatter) in 1986-87 and valleys in 1982-83 and 1985. TE 
drops below T ~ c  and TSL in 1983 but is above them in 1981 and 1985. The 
order changes from TE>TNKC>TSIL to TNKC>TSIL>TE and back but remains at 
TE=TNKC>T~IL for much of the time. All this suggests boiling with and 
without heat transfer from rock and sporadic near-well mixing with cool 
water. The reverse could also be true or the process could alurnate because 
T~c>Tsn, (found throughout) is CWS~~C Of both. 

summary: 

An interesting well on the border of boiling and mixing zones. ' 
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WELL AH-28 

,.I- ~ 

Casing size' DepWm) . 

1 7 ~  I n  112.0 

3 1.5 

904.0 

416.5-99 

I 

~- - _  - 

i . 
Coordinates:: 

casing size 

1 3 ~  3 H  

9;w 
1 8- 2 

Latitude : 310,49b.00 m -  

Longitude: 412,20722 m 

Drilling Dates: 

S September 16, 1978 I 

November 29, lq78 

. 
Depth: 1000.00m 

Casing Design: 
li 

I: 
110.9 

' 428.0 

t 1Ooo.o 

i 
Liner slotted. 

1 



Circulation losses: 

Remarks 

-c100- 

I Depth (m) 
190 
210 
440 
450 
500 

I I Type Aquifer 

Partial Saturated 
Partial Saturated 
Partial Reservoir 
Total Reservoir 
Total Reservoir 

Depth (m) 
190 
210 
440 
450 
500 

Cased-off 
Cased-off 

Type Aquifer Remarks 

Partial Saturated Cased-off 
Partial Saturated Cased-off 
Partial Reservoir 
Total Reservoir 
Total Reservoir 

Relevant Information: 

Temperature logs show aquifers at 600 and 850 m depth. The well has been on 
line since 1981 producing fluids with enthalpy of 240 kcavkg (loo0 Id/kg). This 
correlates well with the liquid temperature of 225230°C at 700-800 m depth. Bot- 
tom temperature is 220% The well has showed little or no tempera- decline but 
pressure drawdown during the period 1979-1987 iS 7 bar. The “water level” under 
pressure has sunk from about 550 m depth in 1979 to 600 m depth in 1987. 

Aquifers: 

~~ 

190 
210 
440 
450 
500’ 
600 
850 

Aquifer I &mibution 

Saturated zone 
Saturated zone 

Reservoir 
Reservoir , 

Reservoir 
Reservoir 
Reservoir 

Minor 
Minor 
Minor 
Major 
Major 

? 
? 

Remarks 

Cased-off 
Cas&-Off 

Two phase 
Two phase 
Two phase 

Two phaseLiquid 
Liquid 



Geochemistry: 

Data : 

ChemicalData: -- 
Physical Data : --- 

Initial Conditions: 

Z3OC and 7400 ppm Q. 

Initial TNKc was 253f2OC; TE (except for one value) and Tsa were not much 
lower at 249OC and 246OC. Initial aquifer chloride based 011 both TNKC and TE 
was 7 4 w o o  ppm. 

Changes With Time: 

After 6 months of production, TE started to drop and the order remained 
TNKC>TSIL>TE for the rest of the history, indicating mixture of cooler water in 
the wellbore that lowered actual fluid temperatures (TE), lowered Tsa by dilu- 
tion, but affected T ~ c  very little. Calculated cool water temperature was 
6W4O0C throughout (see figure 8.1, Chapter 8). 

chloride calculated from measured enthalpy is possibly a bit more constant 
than chloride calculated from TNKC and significantly higher, averaging 7700 
ppm rather than 6800 ppm. 

summary: 

Drawdown rapidly caused inflow of cooler water into the well &om an overly- 
ing quSer. 
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WELL AH-29 

INJECTION WELL 

Coordinates: 

Latitude : 311,096.89 m' 

Longitude: 412,510.50 m . 

Drilling Dates: 

Started : November 6, 1975 

Finished: Februaxy '1 1, 1976 

Eievation: 794.75 rn 

Depth: 1198.00 m . 

. .  

Casing Design: 

. "  



-ClW 

Depth (m) Type Aquifer 

85 Total Ground water 
570 Total Reservoir 

580-630 Partial Reservoir 
610 Total Reservoir 
680 Total Reservoir 

f 
t 

Remarks 

cased-off 

Circulation losses: 

Relevant Information: 

Reinjecton was stopped since it is close to AH-5. 

Spinner survey shows that almost half of the injected water disappears at the end 
of the liner. Is is likely that this water flows upwards in the annulus behind the 
liner towards the aquifers at 570-680 m depth. The spinner shows also that about 

20% of the water leaks out at 840-870 m depth and 35% continues down to the 
deeper partion of the well. 

The temperature logs show that the injection cook the well to the "bottom" (1144 

m). All earlier logs show the same characteristics: sharply rising temperatures to a 
maximum at 500 m depth (200-22000 but with an isothermal or a slight negative 
gradient from 600 to 1144 m depth (170-180%). After reinjection was stopped the 
well developed a 20 bar pressure on top with "water table" around 600 m depth. 
The temperame measured was 21OOC in 1987 decreasing to 18OOC at 1050 m 
depth, the &pest point measured in the well. 
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Aquifers: 

L 

t 

b 

f 

85 

570 
580-630 

680 
840-870 

1140 

Geochemistry: 

No data. 

< ,. '1 

Aquifer 

Ground water 
Reservoir 
Reservoir 
Reservoir 
Reservoir 
Reservoir 

L 

Contribution 

Major 
Major 
Minor 
Major 
Major 

Majar(?) 

Remarks 

Cased-off 
Two phase 
Two phase 

Two phasebiquid 
Liquid 
Liquid 
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cri 

WELL AH-30 
6 '  

ON/STAND-BY WEll 

Coordinates: 

L Latitude : 310,461.09 m 

L 

L Longitude: 411,989.59 m 
I 

Drilling Dates: - 

Started : December 5,1978 

c , Finished: February 17, 1979 

Work-over: 

Started : September 17,1985 
u 
I '  

ld Finished: October 4,1985 

n the ell 

. Elevation: 803.97 m * c 
Depth: 1200.00m 

li w i g  

w 

L 
casingsize 

17$** 

127 I n  

,$,* 

' Depth(@ casing she 

1 3 ~ " .  3 . 

9;" 

72** 
8 

~~ 

115.0 

460.0 

434.78-1 195 
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Circuiation losses: 

I Aquifer I Remarks 

25 
70 

260-450 
465 
500 
525 
550 

Partial 
Partial 
Partial 
Partial 
Partial 
Partial 
Total 

Ground water 
Ground water 

Saturated zone(?) 
Reservoir(?) 

Reservoir 
Reservoir 
Reservoir 

cased-off 
cased-off 
Cased-Off  

Relevant Information: 

No cuttings were obtained below 675 m depth. 

No production data is available from this well ( discharge measurements, s p h a ,  
flowing temp. and pressure logs). 

The well was drilled in 1978/9 and worked over in September 1985. The well was 
deepened during the work-ovcr from 900 to 1200 m. No pivot point coulb be 
obtained fiom the pressure logs. Pressure drawdown during 1979-1986 is in the 
order of 5 bar. This drawdown developed during the h t  three years. 

Aquifers seen in the temperature logs, just after drilling and work-over, are at the 
following depths: 450,500,550,600 and 1150 m. Prior to the work-over, tempera’ 
tures in the liquid part of the well were almost constant at 220% (down to 900 m). 
Since fail of 1985, the liquid portion showed the same isothermal profile but the 
temperature dropped to 215OC. This can be explained by an upward cross flow in 
the well. Befare the work-over the aquifer close to 900 m depth is the source fix 
this flow (T=22VC). Later as the well was deepened, fluids h m  colder aquifers at 
1050 and 1150 contributed to the upflow. 
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Aquifers: 

r -  

Depth (m) Aquifir Contribution 

\ Ground water Minor 25 
70 Ground water Minor 

260-450 Saturated zone mor 
465 Reservoir Minor 

Reservoir Millor 500 
Reservoir Minor 525 
Reservoir Major 550 
Reservoir Major(?) 600 
Reservoir ? 900 

1050 Reservoir 3 
3 1150 Reservoir 

u .  

Remarks 

cased-off 
cased-off 
cased-off 
Two phase 
Two phase 
Two phase 
Two phase 
Two phase 

Liquid 
Liquid 
Liquid 

Geochemistry: 

r No data. 

I 
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WELL AH-31 
I- - . .  . 

~- . 1  

PRODUCTION WELL 

Coordinates: 

, .  
Latitude : 310,098.48 m 

Longitude: 412,021.66 m 

Drilling Dates: 

Started : August 1,1981 

Finished: September 

Elevation: 845 m 

Depth: 1502.00 m 

Casing Design: 
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Depth (m) 

30 
50 
250 
560 

Tvpe Aquifer Remark 

Total Ground water cased-off 
Total Ground water cased-off 
Partial Saturated cased-off 
Total Reservoir 

1 
L 

ReIevant Information: 

No cuttings were obtained below lo00 m depth. 

No flowkg surveys were available from this well (temperature, pressure and 
spinner). 

The first pressure survey available was run in January 1982 about 3 months afcer 
completion. The well had recovered at that time and no pivot point can be seen in 
the later pressure logs. Pressure drawdown between 1982 and 1986 is in the order 
Of 2-3 bar. 

Maximum tempemure of 230-235OC was measured at about 800 m depth. Below 
1000 m an almost constant temperature is observed in the logs down to the present 
bottom at 1450 m depth (220-225OC). Earlier surveys (198ln) reached down to 
1475 m depth and showed a temperature inversion of few degrees between 1450 
and 1475 m. The temperature profiles indicate a crossflow down the well with the 
&pest inflow at lo00 m and the deepest outflow at 1450 m depth. 

Reservoir temperatures mund this well seem to have remained unchanged since it 
was drilled in 1981. 

From the information on circulation losses, one would expect the main production 
aquifkr to be at 560 m depth where total loss was encountered or around lo00 m 
depth whtre drill cutting recovery ceased. The aquifer at 560 m is within the two 
phase region of the reservoir and pressure and temperature in the well were less 
than 20 bar and 21WC respectively. As discharging enthalpies (240-260 kJ/kg) 
indicate a liquid water inflow during'discharge, it is unlikely that the main infiow 
is within the two phase zone. 
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Depth (m) Aquiifer Contribution 

30 Ground water Major 
50 Ground water Major 

250 Saturated zone Minor 
560 Reservoir Minor 

lo00 Reservoir Major 
Reservoir Minor 1450 

Aquifers: 

Remarks 

cased-off 
cased-off 
Cased-Off 

Two phase 
Liquid 
Liquid 

L. 

e 

Ir 
u 
t; 

Data : 

Chemical Data : 01/85-04/87 

Physical- Data : 04/85-12/86 

Initid Conditions: 

258OC and ?. - 
.The data on this well is scant and starts with TM+TSIL>>TE, suggesting 
miXing in the well from start of production. Fluid not affected by mixing was 
near 258OC ( T ~ c )  or 250% crsn) and after mixing wellbore liquid was near 
2 2 8 O .  Chloride calculated from enthalpy was near 8700 ppm. This was after 
mixing. 

Changes Wizh The: 

From the start, tempera~es and chlaride concentrations were nearly constant, 
suggesting that mixing in the well occurred from the start. No calculation 
could be made of the cool water chloride because Tsa was tw)o close to T ~ c  
(see figure 8.1, Chapter 8). This behavior coufd also result from conductive 
cooling in the wellbore. 

summary : 

A well with cold-water mixing or conductive cooling in the wellbos. 
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WELL AH-32 
6J 

- ” _  

PRODUCTION WELL 

b. 
Coordinates: 

U de : 309,721.00 m 

Longitude: 412,210.00 m 

Finished: December 31, 1981 

Work-over: 

Started : August 15, 19 

Finished August 30, 1985 

Elevation: 882.03 m 

Depth: 1504.00 m 

li 
IJ 
ici 



Circulation losses: 

Depth (m) 

142.3-146 
148.38-155 
159.25- 19 1.25 
2 1 1.3-227 
246-256 
260.8-262 
279.5-288 
3 12.5-359 
39 1.5-393 
407-473.49 
689.9-694 
694-848.49 
1003.5-1500 

Relevant Information: 

-c& 

Partial 
Partial 
Partial 
Partial 
Partial 
Partial 
Partial 
Partial 
Partial 
Partial 
Partial 
Total 
Total 

Aquifer 

Ground water 
Ground water 

Ground/S aturated 
Saturated zone 
Saturated zone 
Saturated zone 
Saturated zone 
saturated zone 
Saturated zone 
Saturated zone 

Reservoir 
Reservoir 
Reservoir 

No cuttings below 775 rn depth were obtained. 

Remarks 

Cased-off 
Cased-off 
Cased-off 
Cased-off 
Cased-off 
Cased-off 
Cased-off 
Cased-off 
Cased-off 

, Cased-off 

Temperature logs shortly after drilling indicate a cross flow in the well from 
aquifers at about 800 m and loo0 m depth into the aquifer at about 1400 m depth. 
The dominant aquifers are inferred to be at lo00 and 1400 m depths. Similar tem- 
perature profiles were obtained after work-over in 1985. 

Analysis of flowing temperature and pressure surveys conducted in April 1988 at 
flowrates of 20 and 45 kg/s showed a major feedzone at 975 m and a high enthalpy 
inflow at 775-800 m. 

No pivot point is seen in the pressure logs either after drilling in 1981 or after 
work-over in 1985 not only due to small temperature variations in the well between 
logs but also because most of the pressure logs were run only to 700-800 m depth. 

e 

i 
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! 

Li The pre'ssure logs in 1982 and 1986/7 show little or no drawdown. There were no 
pressure logs from 1983 and 1984. Pressures after work-over in 1985 are low and 
may have indicated some drawdown at that time. These low pressures can, on the 
other hand, be explained as a cooling effect after the -over, if the best feed 

bl 

zone is much deeper in the well than the deepest pressure values. L 

Depth (m) Aquifer Contribution Remarks 

775-800 Reservoir Minor Two phase 
975- lo00 Reservoir Major Liquid 
1100 Reservoir Minor Liquid 
1400 Reservoir Minor Liquid 

c 

Aquifers: 

Inferred locations of the production aquifers are: 

Geochemistry : 

hl No data. 
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(Temperature Logs) 
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I AH1 Temperature Surveys 
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AH1 Temperature Surveys 
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AH1 Temperature Surveys 
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AH1 Temperature Surveys 
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AH2 Temperature Surveys 
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AH2 Temperature Surveys 
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AH3 Temperature Surveys 
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AH4’ Temperature Surveys 
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AH4 Temperature Surveys 
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AH5 Temperature Surveys 
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