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Abstract: Two geothermal exploratory wells have been drilled in the Mataloko geothermal area
in the central part of Flores, where geothermal energy is expected to be stored in large quanti-
ties. The first well MT-1 was planned to a depth of 1000 m at a site located in the northern side
of Wae Luja River. While drilling at a depth of 207.26 m, a high pressure steam zone was en-
countered, causing steam to flow through the conductor casing. The valve was closed to prevent
the steam to flow to the surface, but the steam started to appear at the surface. It was consid-
ered that a surface blow-out around the well might have occurred. Under these conditions, con-
solidation grouting around well MT-1 was carried. After the completion of the grouting
operation, well MT-1 was successfully killed with fresh water followed by a cement slurry.
Drilling of second well MT-2 was planned to a depth of 230 m at the same drilling site as well
MT-1. A steam zone was encountered around 162.35 m during drilling. A temporary flow test
was carried out successfully and the total depth was decided. A proper well test was carried out
using the Lip-Pressure method (James, R., 1962). The testing included the recording of wellhead
pressure, a parameter to calculate the steam flow rate. While fluids were being discharged, sam-
ples were taken for chemical and isotopic analyses. Based on the discharge test result, the maxi-

mum steam rate of 4.57 kg/sec. (16.5 ton/hr) was calculated.

1. Introduction

A five-year international cooperation project on
geothermal research between Japan and Indonesia
was signed in 1998 by three organizations, New
Energy and Industrial Technology Development
Organization (NEDO; Japan), Geological Survey of
Japan (GSJ) and Directorate General Geology and
Mineral Resources (DGGMR; Indonesia). Based on
the Agreement, regional and detailed studies includ-
ing geological, geochemical and geophysical surveys
were conducted in and around the Bajawa area in
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Flores from 1998 to 2000.

The Mataloko geothermal field is the one of most
active fields in the Bajawa area, where many indica-
tions for the existence of geothermal resources such
as fumaroles, hot springs and hydrothermal altera-
tion zones are present. Two exploratory wells (MT-1
and MT-2) were drilled at a site selected based on
the results of the geoscientific surveys. Geological
analysis of the samples taken from both wells has
also been carried out. A proper discharge test was
successfully carried out on well MT-2. The well MT-
1 was plugged with cement and abandoned because
of on uncontrollable steam blow-out to the surface
from the well bore. Wellhead pressure, parameters
to calculate steam flow rate and sampling of dis-
charge fluids for chemical and isotopic analyses
were collected. This paper describes the results of
the drilling operations for the two wells (MT-1 and
MT-2) including well geology and discharge test of
well MT-2.

Keywords: geothermal fluid, blow-out, well testing, well
drilling, Mataloko, Flores Island
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Fig. 1 Location of the exploratory wells MT-1 and MT-2.

2. Well drilling

Wells MT-1 and MT-2 have been drilled on the
northern side of Wae Luja River. This site was se-
lected based on the results of the geoscientific sur-
veys (Fig. 1). The drilling operation of well MT-1
was started on October 11, 2000 and terminated on
October 21, 2000 at a total depth of 207.26 m. The
drilling operation of well MT-2 was started on
January 5, 2001 and terminated on January 17, 2001
at a total depth of 163.25 m.

21 Well MT-1
2.1.1 Drilling

The mobilization of the drilling equipment and

rig-up were completed on
drilling of the 12-1/4" hole
October 11th. During the

October 10, 2000. The
was started at 10:30 on
drilling of the 12-1/4"

hole, no loss of circulation zone was encountered.
Drilling formation continued to a depth of 18.1 m
and a 10" conductor casing was successfully run and
cemented on the bottom. After waiting 20 hours for
the cement to set, the 10" conductor casing was cut
at the surface and a 10" wellhead valve and 2" kill-
line valve were installed.

A 9-5/8" bit was run in the hole after the opening
and closing test of the wellhead valves. The top of
the cement in the conductor casing was tagged at 17
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m and reaming of the cement was started on
October 14th. After reaming the cement, drilling of
the formation was started with the same bit.
During the drilling in this period, especially from
189 m to 207.26 m, a rapid change of the drilling
conditions were observed; the rate of penetration
was faster than that at shallower depths and flow-
line temperature of the returned mud was higher. It
was considered that these changes in the drilling
condition indicated the existence of high tempera-
ture geothermal fluids. Drilling was suspended at a
depth of 207.26 m to set a 8" production casing and
install a blow-out preventer to drill a deeper zone
safely.

2.1.2 Blow-out

After the circulation of drilling fluid to cool the
hole and remove the cuttings from the well bore, it
was tried to pull the bit out to the surface.
However, steam with gases started to enter the well
bore from the formation once circulation was sus-
pended. This made it impossible to pull the bit to
the surface without having a blow-out preventer in-
stalled to kill the well with fresh water. Finally the
connection of the drill pipe was broken to allow the
10" valve to be closed and prevent the steam from
coming out of the hole. Simultaneously the steam
flow started through the conductor casing and 10"
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Fig. 2 Distribution of grouting slim holes.

wellhead valve. To prevent the steam flow to the
surface and kill the well, an attempt to close the
wellhead valve was made, but it was unsuccessful
because of a breakdown of the valve. After fixing it,
the valve was completely closed. However soon after
the valve was closed, steam simultaneously started
to pour out around the well. It was considered that
a surface blow-out might have occurred. To avoid
this, the valve was opened again to release the
steam pressure and the well was allowed to continue
to flow vertically.

2.1.3 Grouting

In order to kill the well effectively, consolidation
grouting operations around well MT-1 was started.
Before grouting, a horizontal steam flow line was
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installed from the MT-1 wellhead to direct the
steam to a newly built rock silencer to minimize the
noise of the steam flow. Twenty-eight slim holes
were drilled around well MT-1 to a depth ranging
from 15 m to 40 m. Figure 2 shows the distribution
of these slim holes used for grouting. A cement
slurry was injected to the formation through each
slim hole to consolidate the shallow formations.
After completion of grouting, the wellhead valve
was successfully closed without any steam escaping
around the well. It was confirmed that the grout-
ing operation for well MT-1 was successfully com-
pleted. A second well, MT-2 was then planned. The
pre-drilling consolidation grouting was carried out
around the proposed new location to prevent the
problems experienced in well MT-1.
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Fig. 3 Well MT-1 final profile.

2.1.4 Killing well

After the completion of the grouting operations,
the 10" wellhead valve was gradually closed while
200 liters/minute of fresh water was pumped into
well MT-1. The pumping of fresh water was contin-
ued for 6 hours without any problem, thus it was
considered that the well had completely cooled
down. Afterwards 31 m® of cement slurry was suc-
cessfully pumped to plug the well bore from the
bottom to the surface. Finally the 10" conductor
casing was cut at the ground level and a steal cap
was welded to avoid a future steam blow-out (Fig.
3).

2.2 Well MT-2

2.2.1 Drilling

The mobilization of the drilling equipment and
rig-up operations were completed on January 4,
2001. The drilling of a 12-1/4" hole was started at
8:00 on January 5th. Drilling formations continued
to a depth of 20.0 m, then a 10" conductor casing
was successfully run to 17.6 m and cemented. After
waiting 20 hours for the cement to set, the 10"

— 310 —

conductor casing was cut at the surface and a 10"
wellhead valve and 2" kill-line valve were installed.

A 9-5/8" bit was run in hole after the opening
and closing test of the wellhead valve was done. The
top of the cement in the conductor casing was
tagged at 16 m and reaming of the cement was
started on January 7th. During the drilling of the
9-5/8" hole, no loss of circulation zone was encoun-
tered. Drilling formations continued to a depth of
104.56 m, and a temperature and pressure survey
was run from the surface to bottom hole. After the
temperature survey was completed, a 8" production
casing was successfully run to 100.12 m and ce-
mented. The 8" production casing was cut at the
surface and a 8" wellhead valve, 8" blow-out
preventer and 2" kill-line valve were installed.

A 7-5/8" bit was run in hole after the pressure
test of the wellhead valves and blow-out preventer.
The top of cement in the production casing was
tagged at 90 m and reaming of the cement was
started on January 13th. After reaming the cement,
the drilling of the formation was started with the
same bit. During drilling at a depth of 155 m, the
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Fig. 4 Well MT-2 completion diagram.

flow-line temperature of the returned mud started
to rise similarly to what occurred when drilling the
steam zone of well MT-1. It was considered that
this change in mud temperature indicated the exis-
tence of high temperature geothermal fluids.
Drilling was carefully continued to a total depth of
162.35 m. Well MT-2 was completed at this depth to
carry out a discharge test (Fig. 4).

2.2.2 Well survey

Temperature and pressure surveys were done
down to a depth of 104.56 m. Table 1 shows the re-
sult of temperature surveys at standing times of 2
hours 20 minutes, 4 hours 59 minutes. Figure 5
shows the temperature profile. After a second sur-
vey, the recovery temperature was detected at the
104 m depth. The maximum temperature at the re-
covery zone was 130.4 °C with standing time of 6
hours 50 minutes while the temperature was con-
tinuously increasing at the end of the measurement.
The pressure survey indicated a maximum pressure
of 1.08 MPa at the 104 m depth.
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3. Well geology

The stratigraphic units of volcanic rocks in the
Bajawa area can be divided into 5 units (Koseki,
2000): Older Volcanics (V1), Bajawa Caldera Volcan-
ics (Be), Cone Volcanics (Cl, C2) and Inerie
Volcanics (Ie) in ascending order (Fig. 6). Two wells,
MT-1 and MT-2 were drilled entirely within the Bc
unit. This unit extensively distributed in the central
to northern part of the Bajawa area and accumu-
lates mostly within the Bajawa caldera depression.

The geology of wells MT-1 and MT-2 1s mainly
composed of andesite lava and andesitic tuff breccia
(Figs. 7 and 8). The shallow part of these wells
(down to about 140 m in depth) is mainly composed
of andesite with minor intercalations of andesitic
tuff breccia. White alteration with argillization is
found at the top of this zone. Andesite is dark gray
and contains phenocrysts of plagioclase, augite and
hypersthene, however most andesite is argillized and
changed to greenish gray to gray. The deeper part
of these wells (from about 140 m to 200 m in depth)



Bulletin of the Geological Survey of Japan, vol. 53 (2/3), 2002

Table 1 Temperature survey data of well MT-2.
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mainly consists of andesitic tuff breccia with minor
intercalation of fine tuff. Tuff breccia is gray to
light gray with argillization and contains of
andesite fragments. The fine tuff i1s bluish gray
with strong argillization.

The alteration found by wells MT-1 and MT-2 is
characterized by a strong argillization, developed in
tuff breccia. Six alteration zones can be recognized
by the distribution of clay and zeolite minerals ana-
lyzed by X-ray diffraction (Figs. 7 and 8 and Table
2). The Montmorillonite (Mo) zone 1s present and

— 312 —

Tima Taimper e

{m| 2
104 1H:0{0 o
104 [EE oo
104 18:10
i i LT
04 1020 iR
108 [EFH EES
i TH:90 I
04 05 T |
108 {ERT] [F=K]
104 1545

[ 104 TG0 T4 T
08 {EEY] =13
104 20:00 =7
0 ] T
108 2015 2.6
1 Heh
10 L] R

abundant at each well. The Chlorite/Montmori-
llonite (Chl/Mo) mixed-layer zone is present at the
deeper part of well MT-1 and characterized by
chlorite/montmorillonite  mixed-layered minerals.
The Kaolinite (Ka) zone is present at each well and
the surface around the Wae-Luja River, and charac-
terized by abundant kaolinite. It is considered that
the Ka zone has been formed by interactions with
near surface acid fluids. This acid fluid formed
through oxidation of rising H,S gases upon mixing
with surface water. The Alunite (Al) zone is present



Exploratory well drilling and discharge test in Mataloko (SUEYOSHI et al.)

TENPERATURE (T}

L] m m an in L] in ] an i i
i}
£ A PAT
1 R B —-—7 L
a Frord :
= Lo
E H .E.----.E. | 11 &
(-9 1 [}
a ; ;
ol D ..
i ] ----5..- .: S T
L1}
Fig. 5 Temperature results of Well MT-2 (at 104 m).

1O00o0oc
10000y 0¢
10000 Ch3a O 08
Keli Ineried O O O TRe

Dooooogtis

]nahuuur&
000000 gsN

-il:l':ll:ll:ll:lﬂ::_

o
]

o T

Fig. 6 Geological map of Mataloko area.

— 313 —

LEGEND

00 INERIE W OLCANDNS

— ek

CONE YOTLOANKCS
| yemmger) (2]

|§~'§F{_ CONE YIRLCANIKCS

|ohier) (L1

| DALY CALDERA
L WLHLCAMICS (Hcy

[T oLp vorcasics
i ey

;i.lnlmﬂﬂ ZONE

"f LINEAMENT

1km




Bulletin of the Geological Survey of Japan, vol. 53 (2/3), 2002

s | i e e A S e
iy EII:.F'::I‘:TII: LITHOL OO Y E :_i!'E . 13 i | ™ G |G| |||.-|| Buiw P |oa F.l.'_1-:H-.i---I'I.-
iy n;l;.Eh sse  |zeo L b’ il | ol it s el Al )i |
L il 8| m 3l 8 af af-swd sl sl 8 oo 8l 58 8 B @
m ; - ' ' e T I ‘ I
i; TLAT Wiioan i1l '
. | | I
I Hau
A0 | :
- T L
B |
= o T T
:a L
“ i
. IR |
0 | I ' [ I |
o é ;MI'IIIII.IM | . | | | | I |
. - | | |
% : | it iy | | |
o | |
| 1 CL S P | | |
i2 | |
[ TIT PR [ |
SR Lake | |
149 | |
NFF BT |
|
el L) [
ey
Ll T |
! =T ner L
1T g [
in] i . ]
4 ! | | |
S I I
— . [l ]
i [ |
= GH
m| H o '
FAEL] ] I | ] |
FAL)
LEGGEND
ko - Eonbmoriflonia Esr ; Epmcibinag Pl Flagiaciae
Chi - Orlante Qi Qhuarie Cal | Calctn
Gar : Seripts Crl : Cristobalitea Py Perts
¥a : Kpclinits Al - Mlunits Oa | Caoikaie
ey - Maularaite Gyp + Gypesum Wi | Magrmtitn
Tu : Yugaswrakts Ani - Anhydeite ARl | Analida
W Wmrnsite it : Obbsita

Fig. 7 Geology and distribution of alteration minerals (Well MT-1).
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at the surface around the Wae-Luja River and top
of well MT-2 and characterized by abundant alunite.
The Al zone is considered to have been formed by
near surface sulfate-rich acid water. The Heulandite
(Heu) zone is present and abundant at each well.
The Wairakite (Wa) zone is present and abundant at
the deeper part of each well. The argillization devel-
ops in the Mo zone and has progressed to form an
impermeable layer, which is understood to have be-
come the altered cap rock (Takahashi, 1995). The
Wairakite zone 1s distributed about a 140 m depth
at both wells and located below the strongly
argillized zone. This zone indicates that geothermal
fluids might be high temperature (>200 °C) and neu-
tral pH fluids.

4. Discharge test

In order to evaluate the productivity of well MT-
2, a short-term discharge test was carried out from
January 22, 2001 to January 27, 2001 immediately
after the completion of the drilling works. It was
not possible to do the completion tests or bore hole
surveys because there was a fear of an unexpected
violent steam flow.

4.1 Procedure and flow rate measurement
method

The wellhead valve was opened two times, on

MT—2 |

Exnaugl Yahses

January 18th and January 20th, and it was possible
to confirm "only steam" conditions. The flow rate
measurements were done using the Lip Pressure
method (James, R., 1962). In this method, the total
mass flow rate can be calculated using an empirical
equation within less than a 3 % error compared to
the orifice plate method.

For the discharge tests of well MT-2, the wellhead
equipment was set up as shown in Fig. 9. The di-
ameter of the end-pipe of the discharge line was of
77.5 mm (3") or 103.0 mm (4") to establish critical
pressure conditions at the end of the pipe. For lip
pressure measurements at the end of the pipe, a 3
bar or 10 bar pressure gauge was used. During the
discharge tests, the wellhead pressure was varied in
approximately three steps by controlling the
wellhead valve and changing the discharge end pipe.
The wellhead pressure, lip pressure and temperature
were recorded every hour in the daytime and every
three hours in the nighttime.

4.2 Results of discharge test

The wellhead pressure was varied from 0.30 to
0.77 MPag. During the whole period of the tests,
the discharge fluid was a single steam phase, but
slightly wet steam was observed at a wellhead pres-
sure from 0.7 MPag or higher. This suggests that
the discharge steam was close to the saturation con-
dition.
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Fig. 9 Wellhead equipment for the discharge test at the well MT-2.
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Table 3 Results of discharge test and calculation of flow rate for well MT-2.

- " 7 =
Ty LT Tl | ey | e .
L A
BONAM 3 rp a0 ALY 0
20010 B 150 1 H|
200107 M ] 10 % £
PO N A.E0 10 JF
2001123 D03 .50 10 ET LT
2001133 200 F.50 100 [ET T
0L &0 11,50 00 [T =
:ﬂﬂ_bl_l,l.ﬂ 0 1250 10 041 EXE)
0133 B 183,50 18 Al 4
0 MR B 1§87 i a1 )
2000 E 18] 1750 i A1 =
20007 110 1380 1 4E 2w
20017103 1200 1950 bl 1] a4 nm
200113 1300 2050 o [ X
300 41173 14500 FIET) = ué o7
| 3002153 14:07 FIET) = [ 1
200019FD 150 ] 5d
2O0RIES 15 &5 50 ] il T
2RO AR 340 450 h 1 " Fal
00 11724 LD 1.50 = 57| =
06 M i 31 50 e ] a7 )
00 24 ) 7 50 bl L1 i
2000/1/24 B .50 = B EH
20010 1330 41,50 = .58 250
SO0 LN 1550 43 30 = [} e
| 3p0ynae 1958 4347 = n5a T
200 LR 17 i3 i AT
20018 1k i ]
2001 L4 1570 IT: 180
2001 R4 130 T il
201 L4 2100 % 180
FO1/ 500 = el
PO 25 2700 =l =
17’ ] [
B0 (1125 500 [ 150
D00 10000 ES 120
DR 14 0D i) L]
S0 TES 118 1
BO01/125 1200 &T.
S0 LS 1200 [T
B0 LS 133D [
ETEE m
135 181
B HIEE B ThH
b H TN e 1) TH
b U T e 1) =
11124 &80 =)
o P TN e 1] £a
01 LE 1000 [
O01/12E 1137 w1
| 2001136 1200 L1}
1136 1
0 M 160D s
S RS 1A BT
200 2R 20 180
0611 @ s 188
IO 1ET 300 o
11ET
FOH1ET B00
SO T 0
S0 AT 11 08 4.4
20 1208 i Fre b &
0E1/1/27 1308 | 7.4 [Fd| a8l ErEas 408

!l b e g nming mlin
T wl| himidd prasdure

! damaier of Bscharga pips
* ip pressure (pressune o the end ol decharge ppel

" i s & b midels ol Sichams pios
* saiinmned Suid eninaley al e lip peeasun
" dmcharge Bow rale assuming salurabon sime

The measured parameters and calculated steam
flow rates are presented in Table 3. The flow rate
was calculated assuming the discharge steam was
entirely in the saturation state. Specific enthalpy of
the discharge fluid was read from the steam tables
based on the measured lip pressure. The calculated
flow rates range from 2.30 to 5.84 kg/s (8.27-21.0
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tons/hr). However, the highest flow rate was ob-
served instantaneously with the re-opening of the
wellhead valve after a temporary shut-in to change
the discharge pipe. The observed lip pressure was
likely to be affected by the discharge of condensed
water in the borehole accumulated during the shut-
in. Not taking into account these data, the highest
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Fig. 10 Trend diagram of measured parameters and calculated steam flow rate
for the discharge test of the well MT-2. The definitions for the parameters in

diagram are mentioned in Table 3.

flow rate was calculated as 4.57 kg/s (16.5 tons/hr)
for a wellhead pressure of 0.36 MPag, 85.5 hours
after the initial well opening.

The measured parameters during the tests and
calculated steam flow rate are shown in Fig.10.
Wellhead pressure, lip pressure and flow rate rose
gradually with time until the total discharge time
about 43 hours. After the measurement at the dis-
charge time of 43.42 hours from initial discharge, it
was tried to increase the wellhead pressure to about
8 MPag at wellhead. However, after throttling the
valve (20 % open) and at a wellhead pressure over 7
MPag, the discharge conditions turned drastically
unstable. The wellhead valve was temporary shut-in
and the 77.5 mm (3") diameter discharge pipe was
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replaced by a 103.0 mm (4") diameter pipe. During
discharge times from 46.50 hours to 66.50 hours, the
discharge conditions were comparatively stable at a
wellhead pressure around 0.3 MPag, with a slight
increase of wellhead pressure, lip pressure and flow
rate. From the discharge time of 67.13 hours to the
end of the test, wellhead pressure, lip pressure and
flow rate was almost stable, excluding times when
the wellhead valve was throttled or closed to replace
the discharge pipe.

4.3 Data analyses and discussion

Figure 11 shows the mass flow rate against
wellhead pressure calculated assuming the steam
saturation state. The data collected at discharge
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Fig. 11 Flow rate vs. wellhead pressure plot for well MT-2.
times from 0 to 66.5 hours shows relatively lower MPaa

flow rates. This is thought to be affected by the
drilling mud in the formations. Thus the discharge
characteristic curve was constructed using data col-
lected in the later period of the discharge test (from
67.1 to 116.5 hours). The shape of the discharge
characteristic curve is a typical curve showing a de-
cline of flow rate as wellhead pressure increases.
Because there are no irregularities observed in this
curve, it 1s suggested that there are no multiple
feed points of different P-T conditions in the
borehole. This is supported by no recordings of cir-
culation losses during drilling. A single feed point
may exist near the bottom of the hole, probably
from 162.35 m to 155 m where the returned mud
temperature started to rise during the drilling.
Since injection test and bore hole surveys were
not been carried out, the temperature, pressure and
permeability of the geothermal reservoir were esti-
mated through well bore simulation using the data
collected during the discharge tests. Table 4 shows
the input data and Fig.12 shows the result of
matching well discharge characteristic. The follow-
ing parameters were input as constant values:
-Reservoir pressure 1.47 MPaa; based on
the maximum shut-in
wellhead pressure ob-
served prior to the dis-
charge test
197.37 °C;

temperature

saturation
at  1.47

-Reservoir temperature
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101.12 m in depth and
0.20 m diameter;
tual values
0.194 m diameter; drill-
ing bit diameter

-Production casing
ac-

-Open hole

Table 4 Input and output parameters for matching analy-
sis of the well discharge characteristic for well MT-2.
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Fig. 12 Result of matching analysis of well discharge characteristic for well MT-2.

-Feed point 162.35 m; bottom of
the hole
-Skin factor 0

500 m away from the
well; assuming reser-
voir fluid of a single
vapor phase in a dy-
namic condition

Transmissivity was used as a varying parameter
in a trial-and-error calculation for the curve match-
ing. The resulting value of transmissivity was 3.50
darcy-m, which is an appropriate value for a typical
production well. The successful result of the match-
ing analysis indicates that the assumed constant
values, reservoir pressure of 1.47 MPaa and reser-
voir temperature of 197.37 °C, and assumed reser-
voir fluid of a single vapor phase in a dynamic
condition are also appropriate as properties of the
geothermal reservoir.

-Flash point

5. Conclusions

The following is concluded from the results of
drilling and testing of the exploratory wells MT-1
and MT-2.

(1) Based on the drilling results of the wells MT-1
and MT-2, steam zones exist at around both
wells below the 1556m depth.

(2) Existence of a wairakite zone in both wells and
results of this discharge test of well MT-2
strongly indicate that the temperature of the

geothermal fluids might be higher than 200 °C
and neutral pH.

According to the results of the Lip Pressure
method, the flow rate from well MT-2 was calcu-
lated as 2.30 to 4.57 kg/s (8.27-16.5 tons/hr) of
steam assuming a steam saturation condition.
(4) The discharge characteristic of the well MT-2 in
conjunction with the drilling results suggests a
single feed point near the bottom of the hole,
possibly from 155 m to 162.35 m in depth.

The result of the matching analysis using a well-
bore simulation program indicates a reservoir
pressure of 1.47 MPaa, reservoir temperature of
197.37 °C, transmissivity of 3.50 darcy-m and res-
ervoir fluid of a single vapor phase in a dynamic
condition for well MT-2.
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LZEEN AR ST D o dic, BHEERO Y v 7)) v &7 - 7o, BHERED? S, ATHORKESEIT
4.57 kg/sec. (16.5 ton/hr) TdhH 5 T LR SN 7.
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