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Fig. 2-4-23 Well characteristic curve for the
o well AMJ-2 - -
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Table 2-4-1 Morphological Data on Zircon

SOV ERRRITER
Sample Width Height Prism Pyramid Elongation Flatness Zircon
No. {mm) (mm) Index Index Index Indes Index Remark
1602 00450014 012040055 0684016 043+£010 039012 087014  7449(45) |from outcrop
1611 002640007 005540016 0584015 0.39+008 033£0.14 090+006  6439(26) f[from outcrop
1703 004340019 01020037 0714013 041012 040£0.10 0922005  7449(43) |[from outcrop
1901 0490010 00930024 0692010 035006 0324007 093009  7439(49) Hfrom outcrop
2003 00270006 0.051:£0018 062£0.11 036009 028£0.14 0862010  6439(27) from outorop
2101 00460018 00560026 061006 033017 021005 092+008  6329(46) |from outcrop
2215 004640016 011220057 0.76£009 ~ 047+007 0314013 0841003  8539(46) |from outcrop
2506 COS740011 01000023 073010 042005 0224006 0941004  7425(57) [from outcrop
2803 0050£0013 011240038 072009 0504008 0272008 090£007  7539%(50) |from outcrop
2806 0.0480013 00980038 066008 044£013 027013 094£004 743948} |from outcrop
1902 - - - - - - Zr-free  |from outcrop
2402 - - - - - - Zr—free from 6utcrop
2812 - - - - - - Zr-free from outcrop
Cerro Limon | 0.066-£0.019 01580043 075013 047007 036£011 081011  8548(66) Jfrom outcrop, *1)
Amatitlan | 009040016 01740037 0544023 033+005 035£007 0894008  5345(30) |from outcrop, ¥1)
AMF-1-150m |0081:£0021 0.168+0028 0.62£0.10 044005 030011 088003 643981 |x1)
AMF-2-140m |0078:£0022 0.159£0020 0604012 0433004 0.34:014 092004  6438(78) 1)
AME-2-550m |0060:£0011 01160018 079+014 040008 030005 093006  843%60) [*1)
AMF-3-50m [00760010 01620017 083+005 042007 034+008 091006  843K76) 1)
AMF-3-100m - - - - - - Zrfree  [*1)
AMF=3-1000m - - - - - - Zrfree  [x1}
AMF-4-160m - - - - - - Zrfree  |*1)
AMF-4-1000m - - - - - - Zr-free  |¥1)
AMF-4-1300m [0.069::0.015 0.168+0043 046021 039009 039£0.10 088009  5449(69) }e1)
AMJ-1-310m | 00830018 018620059 0.73+009 047+005 040+008 080007  7549(30)
AMJ-1-410m | 007540018 0.148£0041 0734005 044+006 037008 090£005  744%13)
AMJ-1-1130m | 0057£0.011 0.159£0041 063007 0474008 0481013 089£003  6559(10)
AMU-1-1830m | 009940017 023440089 060021 045:009 040009 086010  6549(30)
AMJ-1-1700m | 010520020 0224+0055 037+0.17 0312008 044£008 085+0.10 434540
AMJ-2-190m | 004950006 010220024 075008 046+£007 0401006 0912007  8549(17)
AMJ-2-300m | 008150016 0.176::0051 074000 048004 039008 00008  7543(50)
AMJ-2-440m [0082::0026 0.162::0052 073008 043x006 040£009 089007  744%(14)
AMJ-2-1250m | 009960013 022840049 065£0.18 044008 0422009 093005  7448(13)
AMJ-2-1650m 0017 018120042 045£005 045008  087%006

0.080£0.017

073009

7559(80)

#1) : Reported in West JEG and Telactro (1995)
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Table 2-4-2 Volocanic and Alteration Age around the Amatitlan Geothermal Field
Amatitlan i ER DD ERELVERER

Outcrop Depthim Dating{ka) T/L Dating(ka}
No. |AMJ-1|AMJ-2] AMF-1| AMF~2] AMF-3 F/T K-Ar (Volcanic) |(Aiteration)
Cerro Limon
Dacite 6.1+05
{Pacaya Volocanic Rocks
Op Andesite 2402 82
Op Andesite 2806 9+2
Op Andesite 2812 441
Basalt 130m M2
Basalt 190m 270+110
Px—Andesite 150m 11+2
FPost-CaIderic Rocks
Rd Acidic Andesite 1602 _ 80460
{dacite) 310m 18080
{dacite) 300m 600+ 140 3204
Sf Pumice 2003 15080 92410
2208 16+4
Bl Scoria
Lp Pyroclastics
410m 340140 A1
Ap Pyroclastics 1611 110£60 _ 55£5
Tuff Breceia 150m 1100094004
Hv Andesite
Av Px-Andesite 1703 1060+ 220
2803 1160110
440m 900260 47106
140m ) 14100i9000i
2206 3545
2215 46+6
2217 541
2805 3=*1
Syn—Calderic Rocks
780m 1140+310
1130m 3800
Pre~Calderic Rocks
Ho—Andesite 1250m >2690
Px-Andesite 1650m 216100
Px-Andesite 1300m § 14100 £800
Dacite 1630m >11700
|Basement Granite - 152004800
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Gl ino-Pyroxene
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Table 2-4-3 Results of X-ray Diffraction Analysis of Well AMJ-1

Sul fphur

Diaspore

Epidote

Gibbsite

Hemataite

Others

Pyrite - - -

Calcite

0.5
0.5

05 :
05

Anhydr ite

Gypsum

K~feldspar

Na-Teldspar

Nairekite

Laumontite

Mordenite

Heulandite

Stiblite

Sericite

Chiorite

0.5
0.5
0.5
0.5
1

=

{Mica/Smect

Chi. /Smect

Smectiete - o o x| -] -

Pyrophyl lite

Dickite

Kaolinite

Halloysite.

H |Alunite

Quartz wl =] ~| =] ~

15
6
6
4
26

— ICristobaliste

Tridymite ©

Opali

100
200
300
400
500
600
700
800
900
1000
1110
1260
1400
1490
1600
1700,

~ Depth
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Rel ics

Mica

Hornblende

Or tho—Pyroxene

C1ino-Pyroxene

Feldspar wi )~ ©

13
14
[
[
1

Others

Sub fphur

11

Diaspore

Epidote

Gibbsite

Hemataite

Pyrite

0.5
0.5

0.5
0.5
0.5

Calgite - -

0.5

0.5

Anhydrite

Gypsum

B HxBEHARHTER

Alteration Minerals

-
-

i AMI—2|

K-feldspar

Na-feldspar

Nairekite

Laumontite

Nordenite

Heulandife

Stiblite

Sericite

Chiorite

0.5

Wica/Smect

Chi. /Smect.

Smectiete

05
0.5
0.5
0.5
0.5

Table 2-4-4 Results of X-ray Diffraction Analysis of Well AMJ-2

Pyrophylliite

0.5

0.5

Dickiie

Kaolinite —

0.5

0.5
0.5

Hailoysite

Alunite -

Quartz w0 w| ] w

10

11

Cristobaliste b |~

0.5
0.5

Tridymite ~

Opal

100
200
300
400
500
600
700
800
900

Depth
{m)
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Table 2-4-5 Result of chemical and isotope analyses of hot water samples

BOKRBOER - R FTERE

NANE AMJ-1 AMJ-2a AMJ-2b AMJ-2¢ AMF-2 (1998)
DATE Nov/25/2000 Nov/27/2000 Nov/28/2000 Nov/29/2000 Oct/22/1998
W.H.P. (psi) 700 29 13 64 32, Tatg
SAMPLING POINT|silencer muffler weir box weir box weir box sampling separator
WATER-TEMP. (C) 84 90 90 90 <60
pH(18°C) 7.95 7.57 7.5 7.55 5.25
EC (uS/cm) 4230 13700 13800 13400 9030
TSM (mg/L) 3230 9440 9500 9370 6150
ne/l. meq/L me/L meq/L mg/L meq/L mg/L meq/L mg/L meq/L
Na 760 33.06 2540 110. 48 25201 109,61 2510 109.17 1630 70.90
K 132 3.38 523 13.38 524 13. 40 531 13.58 345 8.8?
Ca 10.3 0.51 73.3 3.66 72.5 3.62 67.1 3.35 39.1 1.9%
Mg 0.071 0.0 0. 117 0.01 0.086 0.0 0.0M1 0.01 0.018 0.00
total cation 36.95 127.52 126,63 126.11 81.67
Cl 1220 34,41 4480] 126,35 4500 126. 91 44201 124.66 2970 83.76
50, 28.2 0.59% 39.3 0.82 36.7 0.76 32.6 D.68 1.7 0.24
HCO; 137 2.25 55 0.9 54 0.88 48 0.80 7 0.61
Co, n.d. 0. 00 n.d. 0.00 n.d. 0.00 0.00 n.d. 0.00
total anion 37.24 128.07 128.56 126.14 84.61
mg/L - mg/L ng/L mg/L mg/L
Li 1.35 19.5 18.7 18.3 9,90
Fe 0.26 0.50 0.22 0.38 0.16
Al 0.35 0.38 .15 0.20 0.58
Sr 0.14 0. 45 0. 41 0.37 0. 36
F 0.7% 1,98 2.07 1.91 0.49
B 42.0 75.6 7.1 T4.1 45.9
Br 51 17.9 18.1% 17.8 10.1
} 0.74 0.99 0.91 D. 96 1.52
As 3.5 8.69 8.64 8. 41 5.39
Heg - <0. 0005 <0. 0005 <0. 0005 ¢. 0009
T-C0, 1M1 134 174 139 68
H,5 - <0.04 £0.04 <0.04 3.76
T-3i0, 765 1030 1100 1130 745
6 D(H,0) (%) -25 -33 -36 -36 -46
5 "*0(H,0) (%) 1.5 -1.1 -1.3 -1.6 -3.7
6 %0(50,) (%) - 0.8 2.0 2.0 1.1
5 *3(50,) (%) - 10.7 1.5 12.0 15.8
8 PC(HCO.) (%) - -16. 9 -22.8 -22.4 -5.2
Tritium (T.U.) - <0.13 <0.3 €0.3 €0.3
S0 (H,0)" (%) - -42 -42 -43 -
5 "*0(H,0)" (%) - -2.3 -2.3 -2.5 -

NOTE

separated from
steam at 0,8B8atg

n.d.:

not determined

¥ ; sampled at sampling separator
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Table 2-4-6

Result of chemical and isotope analyses of gas samples
HAHEHOSE - BU&ITEREK

NAME AMJ-1a AMJ-1b AJ-1¢ AMJ-22 AMJ-2b AMJ-2c || AMF-2(1908)
DATE Hov/19/2000 | Nav/20/2000 | Nov/21/2000 | Nov/27/2000 | Nov/28/2080 | Nov/28/2000 3 0c1/22/1598
W.H.P. psi 200 110 46 29 33 64 32, Tatg
SANMPL ING POINT sampling separalor|sampling separator|sampling separatarfsempling sepnrator|sampling separalor|sampling separatorfjsaspling sepzrator
JSEPARATED PRESSURE barG 2.4 1.3 1.4 6.5 0.7 © 0.5 0.8atg
GAS CONTENT voi¥ 0.98 1.02 0.97 0.52 0.52 0.58 0.84
GAS CONTENT wiX 2,28 2. 41 2.29 1.22 1.46 1.36 2.01
[GAS COMPOSITION
o, voi% 89.9 93.8 92.5 88.3 80. 6 87.6 9.8
RS vol¥ 2.80 .90 5.30 9.30 5.90 10.1 2.01
Residual gas vol¥ 7.3 2.4 2.2 2.4 2.5 2.3 1.2
RESIDUAL GAS COMPOSITION
N, vol% 75.3 59.8 5.4 73.0 68.1 4.8 1.1
H, vol¥ n.d. n.d. 7.44 8.46 12.5 13.9 17.8
CH, voiX 7.42 35.5 34.3 12.3 .1 1.9 8.67
C.Hg vol% - - - - - - 0.37
.0, vol¥ 16.4 3.94 4.22 5,32 6.30 9.18 1.68
Ar vol% 0.84 0.78 0.58 0.92 0.80 1.07 0.34
He vol% 0.0072 0.021 0.023 0.019 0.019 0.018 0.053
Ne voly 0.0015 0.00074 0.00051 0.0012 0. 00080 0. 0027 0. 0007
He/*e w107 [10.3740.13}10.3120.14]10.45£0.15) 10.46£0,14]10.52:£0.12 | 10.44+0. 09}t 18.64+0.09
“He/Ne 44 18 68 21 2 23 123
¢ °C(C0,) % -6.8 -8.4 1.4 -6.8 -6.9 -5.9 -3.0
5 %C(CH,) %e -30.5 -30.4 -30.4 -27.4 -21.6 -26.5 -13.1
6D (H,) % n.d. n.d. -37% n.d. -409 -493 -485
0 DICH,) % -208 -221 -221 -196 ~20% -187 -227
LA TGRS % 2.5 1.6 1.0 1.4 1.4 1.4 n.d.
CORDENSED WATER CHEMISTRY
pH 20°C 6.20 5.85 568 5.03 5.03 5.00 -
Na ng/l. 0. 902 0.408 0.402 0. 380 0.093 0.112 -
¢l ng/L 1.20 0.54 0. 56 0.64 0.12 0.16 -
30, ng/L 1.5 1.2 0.8 1.3 0.8 1.3 ~
As me/L 0.014 0.013 0.012 0.006 0.031 0.016 -
He me/L 0.0009 0. 0011 <0. 0005 <0. 0065 <0. 0005 <0. 0005 -
& D(H,0) %e -56 -85 -54 -59 -59 -6 -67
& 0 (H,0) %o ~3.8 -3.4 -3.3 6.1 -6.1 -6.8 -1.1

n.d.: not determined due to low concentration of CH,, H, and H;S
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Table 2-4-7  Specifications of borehole surveys for well AMJ-1 and AMI-2
HiH AMI-1 B XU AMI-2 DIRE - ERE O

Concept Analysis Method Objectives Specifications
Static pressure and Visual interpretation Guidance to set casings
lemperature surveys Lo CS depth surveys
Estimation of

Stops for surveys to
Casing shoe (CS)-
depth

Every 50m of 10 min
each. Two stops should
be 15m to be used as
markers in the
recording chans

Stops for surveys to
total depth (TD)

Up to casing shoe,
stops every 100m.
From CS to TD, every
50m of 10 min each.
Additional stops of 10
min. At total loss
depths,. 15 min stops at
1100m and 1500m to

Statistical regression
Analysis on
temperature data

formations temperaiure

Reservoir pressure.

Set of three (5h, 12h and

24h) P/T surveys before

cementing the 9 5/8”

C8G.

From CS to TD depth:

Blind Drilling

- Drill 100 more after
total loss

- Runaset of three
(5h, 12h and 24h) P/T
surveys

- Run asct of four
(5h, 12h, 24h and 48h)
P/T surveys at total
depth

Normal Drilling

- Run a set of four
(5h, 12h, 24h and 48h)
P/T surveys at total '

be used as markers in depth
the recording charts Logistic
Field logistic and
measurements done using
INDE’s tools and crew.
Support by Driller
Final Report West JEC
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Table 2-4-8

Specifications of Water loss temperature test in AMJ-1

3 AMI-1 Dk BREEAREH

Concept

Analysis Method

Deliveries

Specifications

Static pressure and
femperature surveys
while injecting water

Remarks

1. The capacity of the
watcr tank was
240m’ and of the
mud tank was
120m* , therefore,
there was a total
water storing
capacity of 360m’ .

2. This capacity
represents 20 hours
of testing when
injecting 30 m® /h
(360m%/ (30.-12.5)
m’/h) which will be
enough to suppress
conduction effects.

3. 19 stops in total,
from 800m to 1400
10 min. stops every
100mat intervals.
From 1400m to

- 1680m 10 minutes
stops at intervals of
20 m. At 1500m and
1600m the stops
were 15min. long.
The total testing time
was 3.25 hours. The
total water used was
be 100.5 m® and the
water in tanks was be
300 m* (360-
100.5+12.5%3,25),
The time required to
refill the tanks will
was 4.8 hours,

Visual interpretation

Estimation of positions
of feed points and its
relative injection
capacity

Water Injection
Select the minimum
flow rate available
from the rig pumps or
sett0 30 T/H.

PIT surveys .
Run P/T instruments in
the hole 30 minutes
afier initiating injection
to allow for transienis
to be over.

Stops oo

19 stops in total; from
800m to 1400 10 min.

- stops every 100mat
intervals. From 1400m
to 1680m 10 minutes
stops at intervals of 20
m. At 1500m and '
1600m the stops were

~15min. long.

Pressure toll .
Pressure tool was be

" rnunwiththe =~
temperature tool to
utilize the pressurc
readings in the analysis
of the injection tests

Logistic :
Field Jogistic an
measurements done
using INDE’s tools and
crew, Support by
Simmons

Final Report
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Table 2-4-9  Specifications of Water loss temperature test in AMJ-2
YL AMI-2 Dtk BHER AR 1

. Survey Analysis Method Deliveries Specifications
Static pressurs and Visual interpretation Estimation of positions Water Injection
temperature surveys of feed points and its Select the minimum
while injecting water relative injection flow rate available
capacity from the rig pumps or
Remarks set to 35 T/H.
1.20.0 m’ /h of water
supply capacity. . P/T surveys
Water pumping - Run P/T instruments in
capacity 120.0 m® /h. ] the hole 30 minutes
Storage in the water : after initiating injection
“tank is 50m’ and ' to atlow for transients
that of the mud tank to be aver.
is 150m’, therefore, |
there is a total water Stops _
_ storing capacity of . _ 19 stops in total; from
200m’. 1000m to 1400 10 min.
. i stops every 100m at
2. This capacity intervals. From 1400m
Tepresents 13 hours to 1700m 10 minutes
of testing when : stops at intervals of 20
injecting 35 m’ /h : m. At 1500m and
(200m*/ (35.-20.0) o . 1600m the stops
3 - . . .
m’/h) which will be L should be 15min. long.
cnough (0 suppress R : Total test time 4.0 hr.
conduction effects. : . !
3. The total water to be Pressure tool
used will be 140 m’ . Pressure and

temperature tools will

and the remaining

waler in tanks will be be run together to get
140 m® (200- . pressure readings for
35%4+20*4). The the injection tests
time required to refill o

the tanks will be 3.0 o : Lﬂg‘lstlc o

houts. : Field logistic and

measurements by
INDE’s tools and crew.
Support by PITSA

Final Report , - . : West JEC
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Table 2-4-10  Specifications of Injection and Transient Tests for well AMJ-1
Y AMI-1 OHHRBREMR

Concept

Analysis method

Deliveries

Specifications

Multi Rate [njection Test.

- visual imerpretation
- Plotting and linear
regression analysis

Injectivity Index.

Flow rates

30, 50 and 70 m*h during
one our ¢ach.

Instruments

Pressure elements with 8 hr
and 12 hr clock cach.
Setting depth

1600m

Others

Fieid logistic and
measurements done using
INDE’s tools and crew.

Fall-off Test - Visual interpretation | - Storativity (¢ch) Duration
- Homer Semilog plot { -  Flow capacity (kh) 3 hours after terminating the
- Curve matching - Skin factor last-injection rate
analysis - Wellbore storage Others _
Field logistic and
measurements done using
INDE’s toals and crew.
Table 2-4-11  Specifications of Injection and Transient Tests for well AMJ-2
L i AMI-2 DHLH AR ERE :
Concept Analysis method Deliveries Specifications
Muiti Rate Injection Test. | -  visual interpretation - Injectivity Index. Flow rates o

- Plotting and linear
regression analysis

62,82, 112 and 127 m*/h
during 15, 30, 30, 15 min
respectively

Instruments o
Pruett capillary tubing and
MiniMax . :
‘Setting depth

900m

Others
Field logistic and
measurements done using

Fall-ofT Test

- Visual interpretation

- Horner Semilog plot

- Curve matching
analysis

Storativity (pch)
Flow capacity (kh)
Skin factor
Wellbore storage

INDE's tools and crew.
Duration '
15 hours after terminating
the last injection rate
Readings, set autoratically
to every § min.

Others

Field logistic and
measurements done using
INDE’s tools and crew.

Final Report
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Table 2-4-12  Results of the curve matching and hydrauiic properties for well AMI-1
S AMI-1 OB HRBRE R

KMU [4S4E:10 " | m3/Pas | PHi%c*h | - L.OSE-04|  nvPa | Skin I ESC T
kh - |4.59E-14 |[° m3: 4.59E+01|mdarcy-m 0.0001011[Pa.s | Spec. Vol | 0.00101]m3/kg
k #[2.53E-16 | m2: = | Stabilization " ['injection’
b |1.82E+02 | M - | G003E-07 17 VPa | femp. t600m| 24 | € | remp | P | ©

Table 2-4-13  Results of the curve matching and hydraulic properties for well AMJ-2
P AMI-2 OHHABRER

TR=k 9' _STO=~ ; IR B " WB .
h/MU 84E:09 m3/Pa.s | Phi*c*h :85E-08 m/Pa Skin Factor Storage |75 00
R S L S 000101
kh 5.52E-14| m3 |kl 5.39E+0imdarcy-m__[Viscosity .- 1.943E-05Pa.s Spec. Vol Imi/kg
k 5.66E-15 m2 Phl*Ct 6.003E-07 1/Pa - Stabilization 27928 c Injection | < C
B 9.75E+00 M e Temp: 1600m- Temp.
Final Report ] West JEC
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Table 2-4-14

Pre-heating up, stimulation and well testing

VR PR E R

Concept Analysis method Deliveries Remarks
Warming up - Visual Build up WH Field logistic and
interpretation pressure measurements done using
- Bleed the welil Warm up the upper | INDE’s tools and crew.
. casing
Initial discharge
wio mechanical
stimulation
Stimulation - Visual First discharge and | Self pressure build up or
interpretation cleaning the connection to other
- Bleed the well borehole of mud production well or use of
- Compress the water water Driltech’s compressor
tevel
Flow Tests. - Lip Pressure and Steam and water Field logistic and
Weir Method mass flow at WH measurements done using
conditions. INDE’s tools and crew.
Production - Foundation
enthalpy at WH construction
conditions. - Silencers
Production - Weir
characteristic curve | -  Level meter
- Discharge pipes
- Orifices
- Manometers
- Differential pressure
manometers

- Barton recorders
- Tools
- Spare parts

Final Report
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Table 2-4-15 Specification for the dynamic pressure, temperature surveys

Mg HHRF DS B R

Survey

Analysis Method

Objectives

Specifications

Dynamic pressure,
temperature and
spinner surveys

Visual interpretation

Wellbore simulation

Disclose relative
productivity of the
different feed points

Estimation of feed
points enthalpies

Estimation of the feed
point production.

Up to 1000m depth
surveys

One P/T/S survey after
the second day of
discharge at full open
valve or when stable lip
pressure readings are
recorded

Assembly ]
Assemble pressure tool
temperature tool and
spinner tool with sinker
bar of enough weight to
stand the drag force of
the ascending fluid.

Stops for surveys to
total depth -

Up to 1600 m, stops of
10 minutes every 100m.
From 1000 to 1700m, -
every 50m stops of 10
min each. 15 min stops at
1200m and 1600m to be
used as markers in the
recording charts

Logistic

Field logistic and
measuremnents done using
INDE’s tools and crew. S

Final Report - -
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