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ABSTRACT

The Patuha geothermal field has the potential to be developed as a source of energy for power generation. This
study was conducted to evaluate the Patuha geothermal system based on Global Gravity Model Plus Gravity data.
The study refers to the Bouguer Anomaly value, which is the difference between the observed gravity value (gons)
and the theoretical gravitational value (g,), or the sum of corrections applied to the gravity measurement. This
difference reflects variations in mass density between the survey area and its surroundings, occurring in both lateral
and vertical directions. Derivative analysis and 3D inversion of gravity anomalies are used to identify the presence
of faults, reservoir prospects, cap rocks, and heat sources. The Complete Bouguer Anomaly map displays decreasing
values from southwest to northeast. The high anomaly coincides with Mount Patuha, indicating that this feature may
become the heat source. The 3D inversion of the gravity anomaly yielded a density range of 2 g/cm? to 3 g/cm?®. The
reservoir prospect is controlled by the graben structure and is located in the Ciwidey Crater. It has a density of 2.5
g/cc, with an area of 130 km?, located at a depth of 2200 meters above MSL to 700 meters below MSL. Cap rock
crosses along the Cibuni Crater, White Crater, and Ciwidey Crater with a density of 2.66 g/cc at a depth of 2300
meters to 800 meters above MSL. The heat source is shallow and originates from Mount Patuha, with a density of
3 g/cc at a depth of 1500 meters above MSL and 4600 meters below MSL.
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INTRODUCTION

Geothermal energy, a natural heat source
from within the Earth, can be extracted and
converted into electricity [2]. The formation of
a geothermal system requires heat sources
(such as hot rocks or fluids), permeable
reservoir rocks with high porosity,
impermeable cap rocks. The utilization of

and

geothermal energy involves exploration or
drilling activities and the injection of fluids to
sustain thermal energy output [1]. PT Geo
Dipa Energi (Persero), the permit holder for
the Patuha area, operates the Patuha 1
geothermal power plant (PLTP) with a
capacity of 55 MW, including 17 MWe of

probable reserves, 210 MWe of estimated
reserves, and 190 MWe of proven reserves,
contributing to a total installed capacity of 282
MW as of 2021 [3]. The Patuha geothermal
field is considered one of the most promising
for energy development due to its location on
a volcanic plateau composed of Pliocene to
Quaternary pyroclastic flow and andesite
rocks that radiometrically dated to between
0.12 and 1.25 million years [4].Its tectonic
setting is on the volcanic arc generated by the
subduction of the Indo-Australian Plate
beneath the Eurasian Plate in the Java Trench.
Although there is no recorded eruption history,
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aerial imagery has identified several volcanic
centers (vents) [4].

The gravity method is a geophysical
technique used to characterize subsurface
geological conditions by analyzing variations
in rock density. This method plays a key role
in identifying geothermal system components
such as heat sources, reservoirs, and cap rocks
[5] and in defining reservoir geometry and
controlling  geological  structures  [6].
Geothermal-related density variations serve as
the basis for gravity investigations, since the
presence and accumulation of a heat source
beneath the Earth's surface results in a density
contrast with the surrounding rock mass [7].

GGMplus 2013 satellite gravity data,
derived from the Global Gravity Model, offers
ultra-high resolution with a 200-meter north-
south grid spacing [8]. It enables a detailed
depiction of the gravitational field and
enhances the ability to model subsurface
structures by estimating the depth, density, and
geometric shape of gravity anomalies [9].

This study was conducted to evaluate the
faults, location of reservoir prospects and
boundaries, cap rocks, and heat sources of the
Patuha Geothermal Field. This study was also
supported by magnetotelluric (MT) data in a
journal entitled Integrated Analysis of
Magnetotelluric and Gravity Data to Describe
Reservoir Zones in the Patuha Geothermal
Field, West Java [10] to identify reservoir
prospects, reservoir boundaries, cap rock
distributions, and heat source zones, ultimately
contributing to the evaluation of geothermal
potential.

GEOLOGY

The research area is in the Patuha
geothermal prospect area, located in Bandung
City and West Bandung, West Java Province
(Figure 1). The research area is 15 km x 15 km
wide, located at coordinates 760000—775000
mE and 9200000-9215000 mN, which
corresponds to the Universal Transverse
Mercator (UTM) zone 48S.
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Figure 1. Research location map [14]
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The research area is composed of the
Terumbu Limestone Formation (QI), Lava of
Mount Patuha (Qv2), Sindangkerta Member
(Tmcs), Tufa and Breksi Member (Tpvl), as
seen in Figure 2. The formation that dominates
the research area is the Terumbu Limestone
Formation (QI). The youngest volcanic
activity zone consists of domes and volcanic
craters. Some domes have a slightly silicic
composition (dacite or rhyodacitic), such as on
Mount Urug and Mount South Patuha.
Furthermore, thin lava flows form
morphologies that can indicate the direction of
flow from the northern tip of Mount Patuha,
consisting of basaltic andesite and basaltic
compositions. The western part of Mount
Patuha consists of thicker lava and silicic
compositions [15].

The geothermal energy of the Patuha area
is associated with a volcanic axis, as evidenced
by the presence of late-stage volcanic centers

concentrated along a west—northwest trending
zone. The main structural pattern in West Java
generally consists of the southwest—northeast-
trending Cimandiri Fault, as well as the
Rajamandala thrust fault. The fault directions
follow the pattern of the Limestone Arc,
commonly referred to as the Meratus direction
[16]. The location of the heat source and
magma emergence in the Patuha geothermal
system is controlled by a west—northwest
trending structural zone. Fractures related to
this structure likely control the distribution of
volcanic vents in the Patuha reservoir. North—
south trending faults correspond to alignments
of volcanic vents at Mount Patuha, South
Patuha, Kawah Putih, and other southern
mountain peaks. Another fault trending
northeast—southwest ~ is  indicated by
topographic alignments in the southeastern
part of the field [15].
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Figure 2. Geological map of the research area [17], [18]
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Manifestations in the Patuha Field are in
the form of hot springs, fumaroles, and cold
gas output. Fumarole manifestations are found
in the Cibuni Crater, White Crater, and
Ciwidey Crater. Therefore, it can be inferred
that a steam flow is present below the surface,
which is influenced by the permeable zone
[19]. The Patuha Field is composed of several
main components, including a steam reservoir
located above the upflow zone, a magnetic
plume, a water zone, an estimated direction of
fluid movement, and an estimated subsurface
temperature. The water of Kawah Putih Lake
is the result of the interaction of surface water
with the steam [20]. It can be concluded that
the Patuha geothermal reservoir is a two-phase
reservoir dominated by steam and controlled

by a structure with an area of 20 km [19]
(Figure 3).

There is a major fault structure that
intersects the Patuha area (Figure 4), which is
the Cikalong Fault (thrust fault). The location
of the heat source and the emergence of
magma in the Patuha geothermal system are
controlled by the west-northwest structural
zone. The related fractures likely control the
priming of the volcanic vent in the Patuha
The north-south fault is the
lineament of volcanic vents on Mount Patuha,
South Mount Patuha, Kawah Putih, and the
southern mountain peaks. The topographic
lineament in the southeastern area of the field
indicates another northeast-southwest fault
[15].

reservoir.
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Figure 3. Map of the location of the Patuha geothermal area (modified from [21])
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Figure 4. West Java structural pattern [22]
METHODOLOGY geothermal potential in the Patuha area. The
This study commenced with a geothermal prospect was then evaluated by

comprehensive literature review to guide the
identification of the study area, drawing upon
credible such as  geological
information, geothermal prospect data, and

sources

magnetotelluric (MT) modeling. Satellite-
based gravity data were acquired from the
Global Gravity Model Plus (GGMPlus) 2013,
comprising 6,120 data points across an area of
15 x 15 km? Standard gravity corrections,
including free-air  correction, Bouguer
correction, and terrain correction, were applied
to minimize the influence of external
gravitational effects. Average surface density
was estimated using the Parasnis and Nettleton
methods. Upon deriving the complete Bouguer
anomaly, spectral analysis was conducted to
determine the depth separation between
regional and residual anomalies.
Subsequently, a moving average filter was
employed to define the appropriate window
width. Residual anomaly data were further
analyzed through derivative methods and
subjected to 3D
delineate  fault

inversion modeling to
structures and  assess

comparing the gravity inversion results with
existing literature MT modeling
interpretations (Figure 5).

Complete Bouguer Anomaly (CBA)

The Complete Bouguer Anomaly (CBA)
value was obtained by performing the gravity
data correction stages. The gravity data
corrections (free air correction, Bouguer

correction, and terrain correction) are
performed Dbefore interpretation because
gravity values vary at each location.

Differences in gravity value readings are
influenced by topographic variations (height
variations, tidal latitudes, density variations,
and shocks to the instrument springs) [11]. The
Free Air Correction is used to obtain the value
of absolute gravity readings at an observation
point, representing the difference in gravity
measured at mean sea level and the gravity
value measured at a height of # meters above
it, assuming there is no intervening rock mass
between the two points [12].

[51]
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Figure 5. Data processing flow diagram

The Bouguer Correction is applied to
eliminate the effects of elevation differences
while still accounting for the mass beneath the
observation point. The principle involves
calculating the gravitational attraction exerted
by rocks with a density (p) and a thickness (/)
[13]. Terrain correction is applied in areas with
hilly topography. In contrast, in regions with
relatively flat terrain, corrections are typically
performed only up to the level of obtaining the
simple Bouguer anomaly. The presence of
nearby hills and valleys generates gravitational
attraction due to the mass center of the hills or
the mass deficiency represented by the valleys
[12].

To get the CBA value, the simple Bouguer
anomaly value was added to the terrain
correction value obtained from the calculation.
After receiving the CBA value, the next step
was to perform gridding to create a Bouguer
anomaly map.

Spectrum Analysis

The spectrum analysis process estimates
the depth of the regional and residual areas by
knowing the frequency content of the data. The
principle of spectrum analysis is the Fourier
transform, which changes the distance domain
to the frequency domain. Regional anomalies
have a low frequency, while residual
anomalies have a high frequency. The Fourier
transform equation of the gravity anomaly
force is [23]:

F(g,) = 2mype!¥1zo=2 (1)
where:
(g,) : gravity anomaly
u : mass density anomaly
14 : gravity constant

: partial derivative with variable z

S§ls

| —

(
(

. o 1 .
) : partial derivative of - variable z

Q
N

(5]
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In this study, spectrum analysis was
performed using four trajectories, and a
Fourier transform was then carried out using
Numeri software. Next, calculations were
performed on Excel software to obtain the
(K) and Ln A
Calculations of K and Ln A values were
performed to get the window width value. The
next stage was to filter anomalous data by

wave number values.

inputting the window width value.
Separation of Regional and Residual
Anomaly

The Bouguer anomaly data is still affected
by sources on a regional (deep) and residual
(shallow) scale. The anomaly separation
method employed in this study utilized a
moving average filter within the Surfer 13
software. The target of this study is to analyze
the subsurface structure caused by shallow
anomaly sources. Hence, residual anomalies
were needed for the structure interpretation
process. The moving average is a technique for
averaging anomaly values, with properties
similar to a low-pass filter, which passes low
frequencies (regional anomalies). At the same
time, residual anomalies were obtained by
subtracting the CBA value from the regional
anomaly.

Derivative Analysis

The Second Vertical Derivative (SVD)
method exhibits high-pass filter properties,
which were utilized to remove shallow effects,
clarify the structure, and delineate boundaries.
SVD Bouguer anomaly with a value of zero (0)
can indicate a significant change in density, in
the form of faults, object
boundaries, lithology boundaries, and basin
boundaries [24]. The Second Vertical
Derivative (SVD) analysis process utilized the
Henderson & Zietz (1949) [25], Elkins (1951)
[26], and Rosenbach (1953) [27] operators

anomalous

implemented in Surfer 13 software. SVD is the
result of deriving the Laplace equation from
the gravity anomaly on the Earth's surface
[28]:

0%Ag __ 0%Ag | 0°Ag @)
0z2 0x2 ay?

where:

V2 : Laplace operator

Ag : total gravity Bouguer value

dy : y-axis derivative value

0x : x-axis derivative value

In addition to strengthening the results of
the structure delineation based on the SVD
analysis, a horizontal gradient analysis was
used. The First Horizontal Derivative (FHD)
method emphasizes the
minimum peak value information in the
anomaly data to show the boundaries of the
geological structure causing the anomaly. The
FHD value can be calculated using Equation 3
[29].

FHD =

maximum and

Ag _ 9i+1)—9@)
Ax Ax (3)

The Second Horizontal Derivative (SHD)
method reveals the presence of geological
structure boundaries, as indicated by zero
boundary information in the SHD value.

_Ag _ 29@+1"2()
SHD = i 2 4

Inversion Modeling

3D Inversion Modeling is backward
modeling (inverse modeling). The data used in
3D inversion modeling were the gravity
anomaly data, topography data, and mesh data.
Inversion modeling was employed to model
the distribution of anomalous density, thereby
enhancing the interpretation of the structure
and existence of reservoir prospects, cap rocks,
and heat sources in the research area.
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RESULTS AND DISCUSSION
Results

The complete Bouguer Anomaly map in
the research area shows that the range of
anomaly values is between 150 and 230 mGal
(Figure 6). Lower anomaly values ranging
from 150 mGal to 175 mGal are distributed in
the northeast of the research area. Medium
anomaly values range from 180-195 mGal.
Meanwhile, high anomaly values range from -
200 to 230 mGal, reflecting the high-density
distribution resulting from volcanic products
of Mount Patuha. The density variation of the
Complete Bouguer Anomaly value exhibits a
correlation with the Patuha structural pattern
(see Figure 4).

COMPLETE BOUGUER ANOMALY (CBA) MAP
OF THE PATUHA GEOTHERMAL AREA
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Figure 6. Complete Bouguer anomaly map of the Patuha
geothermal area

The high-density area is located in the
southwest area, corresponding to the lava and
lahar formations of Mount Patuha. This area is
composed of tuff and breccia formations,
which are types of volcanic rocks. This high-
density area is also influenced by the fact that
the area is located closest to the subduction
zone and experiences volcanic activity, in

contrast to the area in the northeast, which has
low density and is dominated by reef limestone
formations.

Spectrum analysis was carried out to
obtain the cut-off value (kc) by plotting the
wave number and In A values. The cut-off
value (k) is the boundary between the regional
anomaly and the residual anomaly. This
spectrum analysis was also conducted to
determine the optimal window width value for
separating regional anomalies from residual
anomalies using a moving average filter
(Tables 1 and 2).

Table 1. Regional and residual anomaly depth

Line Regional Residual
depth (m) depth (m)
Line 1 -4840.8 -418.42
Line 2 -4520.8 -412.31
Line 3 -5430.7 -351.17
Line 4 -5424.3 -427.34
Line 5 -5918.7 -515.25
Average -5227.06 -424.898

Table 2. Cut off value (k.) and window width (N)

. Window
Line Cut Off (ko) Width (N)
Line 1 0.000795 39.54
Line 2 0.000823 38.16
Line 3 0.000848 37.05
Line 4 0.000793 39.63
Line 5 0.000599 52.45
Average 0.000771 41.37

The regional anomaly contour map
displays a range of low to high anomaly
values, ranging from 155 to 225 mGal (Figure
7). The low anomaly value is within the range
of 155 to 175 mGal, located in the northeast to
north of the research area map. The range of
medium anomaly values is between 180 and
195 mGal, located from east to northwest of
the research area map. The high anomaly value
has a range of 200 to 225 mGal, which is in the

southwest of the map.
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REGIONAL ANOMALY MAP
OF THE PATUHA GEOTHERMAL AREA
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Figure 7. Regional anomaly map of the Patuha
geothermal area

Residual anomalies are anomalies with
high-frequency values, which result from the
smaller area coverage and are caused by local
geological structures or small geological
features. The varying density distribution in
the residual anomaly is caused by the presence
of different rock types at shallow depths. High
density is found in areas around mountains
caused by volcanic activity, resulting in high
density in shallow areas.

The residual anomaly map spans a range
of low to high anomaly values (Figure 8). The
range of low anomaly values is from -6.5 mGal
to -3 mGal, which dominates the northern part
of the map, stretching from northwest to
northeast. The moderate anomaly value ranges
from -2.5 mGal to 0.5 mGal, which dominates
the map of the research area. While the high
anomaly value is in the range of 1 to 5.5 mGal,
there are Mount Pancur, Mount
Puncaklawang, Mount Tikukur, Mount Patuha
1, and Mount Patuha 2 with high anomaly
values.

RESIDUAL ANOMALY MAP
OF THE PATUHA GEOTHERMAL AREA
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Figure 8. Residual anomaly map of the Patuha
geothermal area

The anomaly value on the SVD map
ranges from -7 to 6 mGal/m? (Figure 9). The
low anomaly value ranges from -7 to -1
mGal/m?, which is distributed across the
northern part of the area. The medium anomaly
value ranges from -0.5 to 1.5 mGal/m? In
comparison, the high anomaly value
dominates the research area, as indicated by
anomaly values ranging from 2 to 6 mGal/m?.
The thick black line on the map is the anomaly
contour value of 0 mGal/m?. The solid and
dashed purple line is the fault structure from
the geological map and geothermal
manifestation map of the Patuha field. The
white lines are identified fault structures
(Figure 10).

Based on the results of 3D inversion
modeling (Figure 11), residual anomaly data
indicate a density range of 2 to 3 g/cm?. The
Patuha reservoir prospect is estimated to be
among the high anomaly (at a density of 2.5
g/cc), precisely near the heat source. A density
value of 2.66 g/cc can be indicated as the
location of the cap rock, which is located in a
shallow area above the reservoir. In
comparison, high anomaly with a value range

=
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of 2.83 g/cc to 3 g/cc can indicate the location
of the heat source. The heat source in the
Patuha geothermal system is a shallow type of

heat source. It originates from magma that has
solidified under the Cibuni Crater, White
Crater, and Ciwidey Crater.

SECOND VERTICAL DERIVATIVE (SYD) MAP
OF THE PATUHA GEOTHERMAL AREA
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Discussion

The A-A' cross-section line (760000-
774000 mE) reveals the presence of a fault
structure, which is interpreted based on the
FHD curve (Figure 12). The FHD curve
exhibits maximum and minimum absolute
values, and the SVD/SHD curve reaches a
value of 0 mGal/m?. The solid black line and
the dashed black line are identified as faults
because they are at a value of 0 mGal/m? and
are at the maximum and minimum absolute
values of the wave, and show a contrast in
density changes. The dashed black line is
identified as a normal fault, marked by the
maximum absolute value on the SVD/SHD
curve being greater than the minimum absolute
value. The solid black line is identified as a
reverse fault, marked by the minimum
absolute value on the SVD/SHD curve being
greater than the maximum absolute value. The
A-A' line intersects the manifestation, the
PPL-6ST Production Well, and Mount Patuha
2. A graben structure was formed in the Patuha
Field due to the presence of adjacent
downthrust  fault  structures,
depression (subsidence). The graben structure

causing

is located in the reservoir area, which also
serves as the outlet for the manifested fluid.
The reservoir in the Patuha geothermal
system is located directly below the
manifestation and the PPL-6ST Production
Well. It can be observed that the manifestation
fluid that emerges on the surface is influenced
by the presence of a graben structure,
specifically a normal fault. The Patuha Field
reservoir has a density of 2.5 g/cc, marked in
green, located at a depth of 1800 meters above
mean sea level (MSL) to 900 meters below
MSL, with a length of approximately 2 km.
The cap rock is located directly above the
reservoir and the heat source. Cap rock on this
track has a density of 2.66 g/cc, marked in
yellow; cap rock is at a depth of 2300 meters

above MSL to 400 meters below, which
spreads about 10 km. At the same time, the
heat source in the Patuha Field is located
directly below the Cibuni Crater, with a
density of around 3 g/cc marked in purple, at a
depth of 200 to 4600 meters below MSL.

The B-B' line intersects the PPL-6ST
Production Well and the PPL-1A Injection
Well. A graben structure is present in the
reservoir area, characterized by two main
normal fault structures (Figure 13). The
geothermal reservoir is located directly below
the PPL-6ST Production Well and the PPL-1A
Injection Well. The Patuha Field Reservoir has
a density of 2.5 g/cc, marked in green, which
is at a depth of 1800 meters above MSL to
1000 meters below MSL and extends about 2
km. The cap rock is located directly above the
reservoir and has a density of 2.66 g/cc,
marked in yellow. The cap rock is at a depth of
2200 meters above MSL to 0 meters MSL,
which spans about 4.2 km. Meanwhile, the
heat source is located under the Patuha Field
reservoir with a density of around 3 g/cc,
which is marked with purple at a depth of 300
to 4600 meters below MSL.

The C-C' line intersects the PPL-3B
Production Well and the manifestation. There
is a graben structure that intersects the
reservoir, and the intersection is the exit path
for the manifested fluid to the surface (Figure
14). In the graben area, there are indications of
magma intrusion, as indicated by high to low
density, which is near the manifestation. The
reservoir in the Patuha geothermal system is
located directly below the PPL-3B Production
Well. The Patuha Field Reservoir has a density
of 2.5 g/cc, which is marked in green, at a
depth of 1900 meters to 900 meters above
MSL, with a length of about 2 km. The cap
rock is located directly above the reservoir, has
a density of 2.66 g/cm? and is marked in
yellow. Cap rock is at a depth of 2200 meters
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to 300 meters above MSL, which spans about by the heat source located directly below it.
3.2 km. Meanwhile, the heat source in the The heat source has a density of around 3 g/cc,
Patuha Field is identified as coming from the  which is marked with purple at a depth of 0 to
volcanic activity of Mount Patuha, indicated 4600 meters below MSL.
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Figure 12. Cross-section of line A-A'
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Figure 14. Cross-section of line C-C'

The D-D' line intersects the PPL-3B
Production Well. There is a thrust fault on the
left side of the well and a thrust fault on the
right side of the well (Figure 15). The
geothermal reservoir is located directly below
the PPL-3B Production Well. The Patuha Field
Reservoir has a density of 2.5 g/cc marked in
green, which is located at a depth of 1800

Line D-D’ Residual

2200000 2204000 92206000 9208000

29202000

2210000

meters above MSL to a depth of 1300 meters
below MSL with a length of about 5.2 km. The
Cap rock is located directly above the
reservoir, with a density of 2.66 g/cc, marked
in yellow. It spans a depth of about 2200
meters to 700 meters above MSL, covering an
area of about 7.3 km.

9212000 9214000

Figure 15. Cross-section of line D-D'

The E-E' line intersects the PPL-6ST
Production Well and manifestation. A graben
structure is present in the reservoir prospect
area, with the main structure characterized by

a normal fault (Figure 16). The reservoir in the
Patuha geothermal system is located directly
below the manifestation. It can be observed
that the fluid that manifests on the surface
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originates from the downward fault path that
intersects the reservoir. The Patuha Field
Reservoir has a density of 2.5 g/cc, marked in
green at a depth of 1800 meters to 900 meters
above MSL with a length of about 3.5 km. The
cap rock is located directly above the reservoir
and the heat source, with a density of 2.66 g/cc,

Line E-E’ (Residual)
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is marked in yellow at a depth of about 2200
meters to 1400 meters above MSL, which
spreads about 7.8 km. In contrast, the heat
source has a density of around 3 g/cc, which is
marked in purple, located at a depth of 3800
meters to 4600 meters below MSL.
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Figure 16. Cross-section of line E-E'

The F-F' line intersects the PPL-3B
Production Well, the PPL-1A Injection Well,
and Mount Pancur. The graben structure is
located in the reservoir area, characterized by
a main structure in the form of a normal fault.
The graben structure intersects the reservoir,
making it the fluid outlet to the PPL-3B
Production Well. The reservoir in the Patuha
geothermal system is located directly below
the PPL-3B Production Well and the PPL-1A
Injection Well. The existence of a fault in the
graben structure serves as an outlet for the
fluid produced by the PPL-3B Well. The

Patuha Field Reservoir has a density of 2.5
g/cc, which is marked in green, and has a depth
of 2100 meters above MSL to 900 meters
below MSL, which extends about 4 km. Cap
rock is located right above the reservoir with a
density of 2.66 g/cc, marked in yellow at a
depth of about 2200 meters to 400 meters
above MSL, which spreads about 6.2 km. The
grey line below Mount Pancur is identified as
a magma intrusion, in line with the presence of
high to low density in the area. The magma
intrusion is closely related to the presence of a
heat source.
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Figure 17. Cross-section of track F-F'

The gravity data indicate that the reservoir
boundary has a wider prospect when viewed
from the structural boundary, with a value of 0
mmGal/m?.  According to the Patuha
geothermal area map, the reservoir boundary
covers an area of approximately 63 km?. The
SVD structural boundary shows that the
Patuha area reservoir has an area of
approximately 130 km?>  (Figure 18).
Meanwhile, based on MT data (1250 MASL),
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the reservoir boundary has an area of
approximately 42 km? (Figure 19).
Differences in capabilities between the
MT method and the gravity method result in a
difference in reservoir area (Figure 20). MT is
very effective at identifying conductive layers,
such as clay caps and fluid zones. Still, the
resistivity of hot fluids can be complex,
sometimes not contrasting enough with its
surroundings to be detected as a reservoir [30].
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area map (right).
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The differences in gravitational field
measurements are determined by rock mass
and depth of sources/structures. The surface-
gravity technique can be applied to any field,
depending on reservoir thickness, size, depth,
porosity, and density contrast between the
fluids. Rock and fluid density contrasts
determine the response [31].

When slicing is carried out on cutting
production wells, injection wells, and
manifestations, it can be concluded that the
geothermal reservoir prospects that have been
developed are in the Ciwidey Crater. The
reservoir is at a depth of around 2200 meters
above MSL to 700 meters below MSL. Based
on the Magnetotelluric Method modeling, the
reservoir is at a depth of 1500 meters above
MSL to 1000 meters below MSL, has a
moderate resistivity of 200—100 ohm.m, and is
near the Cibuni Crater and Ciwidey Crater.

The cap rock in the Patuha geothermal
system is a clay cap that extends across the
Cibuni Crater, White Crater, and Ciwidey
Crater. A cap rock (clay cap) is a rock with low
porosity and permeability, and its function is
to protect heat energy and reservoir fluids. The
existence of cap rock between the White
Crater and the Ciwidey Crater is supported by
MT data, indicating a low-resistivity zone in
the area between the White Crater and the

Ciwidey Crater. The Patuha Field cap rock
(clay cap) is at a depth of 2300 meters to 800
meters above MSL. Based on the
Magnetotelluric Method modeling literature,
cap rock (clay cap) is at a low resistivity,
namely (<15 ohm.m), which is at a depth of
1500 meters above MSL to 500 meters below
MSL, which also extends across the Cibuni,
White, and Ciwidey Crater.

The Patuha geothermal heat source is
closely related to the volcanic activity of
Mount Patuha (Kawah Putih). The heat source,
located near the surface and close to the
reservoir, causes the reservoir temperature to
be high, resulting in a steam-dominated
geothermal system [19]. Based on the
modelling results, the heat
identified as being located right under the
Cibuni Crater, with a depth of 1500 meters
above MSL to 4600 meters below MSL. The
heat source is indicated to be magma that has
solidified and undergone a heat release process
(cooling). Based on MT modelling, the heat
source has a resistivity value of greater than
500 ohm.m at elevations below 0 m MSL,
which is located below the Cibuni Crater and

source was

Ciwidey Crater. In addition, right under the
White Crater, there is an indication of the
presence of magmatic substances flowing in
the area, causing the fluid to be acidic.
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Figure 21. Interpretation of the Patuha geothermal system model based on gravity modeling analysis supported by

MT data [10]

CONCLUSION

3D inversion modeling of the gravity
anomaly reveals the distribution of density
both laterally and vertically, extending to a
depth of 4600 meters. The density value
obtained, with a range of 2 to 3 g/cm?,
represents the density of the rocks in the study
area. The modeling results indicate that the
Patuha geothermal reservoir prospect lies
between the White Crater and the Ciwidey

Crater, which is controlled by a graben
structure formed due to extensional forces.
The reservoir boundary overlaid with the SVD
map has an area of approximately 130 km? and
is at a depth of approximately 2200 meters
above MSL to 700 meters below MSL. In the
MT model, the reservoir is located in the
Cibuni Crater and Ciwidey Crater areas. Clay
caps along the Cibuni Crater, White Crater,
and Ciwidey Crater, supported by MT data, are
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at a depth of 2300 meters to 800 meters above
MSL. The heat source in the Patuha Field is
close to the surface. It is under the Cibuni
Crater (sourced from under Mount Patuha) at
a depth of 1500 meters above MSL to 4600
meters below MSL. The Ciwidey crater area
shows a high anomaly contrast influenced by
the volcanic activity of Mount Patuha.
However, due to the limited availability of
GGMPlus satellite data, the heat source in the
Ciwidey crater does not yet exhibit a definite
density contrast. In the MT model, the heat
source is located under the Cibuni Crater and
Ciwidey Crater.
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