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Modeling of Coal Deposition Using the Resistivity Method
with Wenner Configuration in the Bentarsari Basin Area,
District of Salem, Brebes Regency, Central Java

Putri Suci Ramdani and Sehah*
Department of Physics, Faculty of Mathematics and Natural Sciences, Jenderal Soedirman University
Street of Dr. Suparno No.61, Purwokerto Central Java Indonesia

Abstract: Research to model coal deposits in the Bentarsari Basin area of Salem District in Brebes Regency
has been done using the geoelectric-resistivity method with Wenner configuration. Resistivity data acquisition
is carried out on five tracks, with each track has a length of 200 m. The least squares inversion method is applied
to obtain a 2D-resistivity section model. Furthermore, the 2D-resistivity section model data for each line is
combined into a 3D model to determine the coal deposit model in the area. The results of the interpretation
indicate that the subsurface structure of the area consists of clay, sandy clay, coal, and sandstone; where the type
of coal is lignite. This coal deposit has resistivity values with interval of 86.1-219.0 dm, which is distributed
evenly with depth of 0.0-26.5 m, where the southern part of the all track has a higher potential. This research
can be followed up with log drill testing to determine the actual subsurface layer, so that it can be utilized as a

very economical alternative energy.
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I. INTRODUCTION

Along with the rapid development of technology, energy
needs are also increasing from time to time. The national
energy needs will not sufficiently met if only relying on the
remaining energy sources of oil and natural gas. Therefore,
alternative energy is needed to help fulfilling those energy
needs; and one of them is coal. Coal is a type of combustible
rock, formed from the remnants of ancient plants that are
generally trapped in a basin through physical and chemical
processes in nature since deposition [1], resulting in enrich-
ment in its carbon content. Coal seams in nature are generally
brown to black and occur in sedimentary geological layers [1].
Naturally, the process of forming coal deposits is divided into
two types, namely peat, and coalification. In the geochem-
ical process, plant trapped in rocks undergo metamorphosis
into peat, and after it undergoes physical processes such as
stockpiling so that it becomes young coal (for example lig-
nite). The longer the young coal turns into old coal, which is
sub-bituminous to bituminous [2]. Bituminous contains 68-
86% carbon (C) with a moisture content of 8-10% of its mass,
while sub-bituminous contains a little carbon and a lot of wa-
ter, making it a less efficient heat source compared to bitumi-
nous [2].

Indonesia’s coal reserves are quite large, around 36 billion
tons spread across several islands, such as Sumatra, Kaliman-
tan, Java, Sulawesi, and Papua [1]. One area in Java that has
coal reserves is the Bentarsari Basin, located in Salem Dis-

trict, Brebes Regency, Central Java. Research to determine
the presence of coal in the area has been carried out using the
satellite imagery gravity method. The results show that coal
is embedded in sandstone with a density of 2.17 g/cm® which
is located in the Kaliglagah Formation as a solid bitumen car-
rier rock at a depth of 300-400 m [3]. Besides, research with
magnetic methods has also been carried out in the area which
resulted in the estimated content of coal bitumen inserts with
a magnetic susceptibility value of 0.0008 cgs units at depths
of 104.478-505.970 m [4].

The gravity method that relies on satellite data still con-
tains doubts, because the results of the interpretation are not
single (non-unique) so that there are different interpretation
results. To overcome this, a study was conducted using an-
other method, namely the magnetic method. The results of
the study using magnetic methods also have the disadvantage
of not being able to know specific rock layers in the horizontal
direction so that coal outcrops on the surface are not detected
so that further methods with better accuracy are needed to de-
termine the specific structure of the coal seams on the sur-
face. The advanced method used is the Wenner configuration
resistivity geoelectric method to find out more specific sur-
face layer structures in the horizontal and vertical directions
[5,6]. The resistivity geoelectric method is used to study or
understand the structure of the subsurface of the earth through
measurements of electrical quantities on the surface. Since
coal is a layer of sedimentary rocks which tends to be ho-
mogeneous, the Wenner configuration resistivity geoelectric
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FIG. 1: Flowchart of research using the resistivity geoelectric method with the Wenner configuration [10].

method is very suitable, because this method displays infor-
mation on the change in resistivity value variation in the hori-
zontal and vertical directions [6]. Also, the Wenner configura-
tion has advantages in reading accuracy because it has a value
of eccentricity that is not too large [7].

II. RESEARCH METHOD

The resistivity geoelectric method is a geophysical method
that utilizes the resistivity properties of rocks in the earth
to study subsurface conditions. The principle of resistivity
geoelectric method is to inject electric current into the earth
through two electrodes C; and Cs currents that move through

the subsurface medium, then the potential difference that oc-
curs due to differences in electric polarization is measured
through two electrodes potential P; and P,. After the current
and potential difference data are obtained, the apparent sub-
surface resistivity value can be calculated using the equation:

AV

pa:K Vi

)
where p, is apparent resistivity, V is the measured potential
difference, I is the injected current, and K is the geometry fac-
tor whose value is under the configuration applied [8]. The
complete flow diagram of this research can be seen in Fig. 1.
Fig. 2 shows the configuration of the Wenner configuration
with two current electrodes mounted on the outside of the po-
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FIG. 2: Current and potential electrode arrangement for the
acquisition of resistivity geoelectric data using the Wenner
configuration [9].

tential electrode with the distance between the electrodes of
[8]. In the Wenner configuration, the distance between the
current electrode and potential electrode is the same, so the
value of C;P; = P1Py = P,Csy = a. Geometry factors for the
Wenner configuration are [8]:

K =2ma 2

The apparent resistivity for the Wenner configuration can be
calculated from equation (1) by entering a value of K=2 7 a,
so the apparent resistivity can be expressed as:

Pa = 27TaAl 3)
1

Exploration research of coal deposits using the resistivity
geoelectric method was carried out in the Bentarsari Basin
area, Salem District, Brebes Regency as shown in Fig. 3.
The equipment used at the time of data acquisition is Naniura
NRD 300 Resistivitymeter, current and potential electrodes,
batteries, meters, cable rollers, connecting cables, hammer,
Global Positioning System (GPS), Handy Talkie (HT), lap-
tops, stationery, research data worksheets, and Majenang ge-
ology maps. The equipment used to process data is a laptop
equipped with various application programs such as Microsoft
Excel, Notepad 10, Res2Dinv 3.54, and Voxler 4. The num-
ber of trajectories for resistivity data acquisition with Wenner
configuration is 5 tracks; with each track having a length of
200 m. The tracks are Line-01, Line-02, Line-03, Line-04,
and Line-05. The five tracks are located in the geographical
position listed in Table I.

In the data acquisition stage, the first thing to do is to con-
nect the current electrodes (C; and Cs) and potential elec-
trodes (P; and P5) to the resistivity meter. The spacing be-
tween the electrodes is regulated and starts from a, 2a, 3a, and
so on to produce data acquisition level n =1, 2, 3, and so on as
shown in Fig. 4. Data acquisition is done by injecting currents
to the earth surface through current electrodes (C; and Cs).
The injected current spreads evenly throughout the rock in the
subsurface, then the potential difference arising is received by
the potential electrodes (P; and Ps). Data acquisition can be
repeated by shifting the electrodes as far as a and widening
the electrode stretch range in the order of the spacing between
the electrodes. Data obtained from the data acquisition results
are the potential difference (AV), the current strength (I), and
the distance between the electrodes (a) [10].

71040

FIG. 3: Research area located in Salem District Brebes
Regency (earth.google.com).

during data acquisition, the electrode spacing
to the right is fixed "a", although the distance
between the electrodes is always increased
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FIG. 4: The design of data acquisition laterally mapping
using the Wenner configuration [9].

Based on the data of potential difference (AV), current (1),
and spacing between electrodes (a), then the geometry fac-
tor value (K) for the Wenner configuration and apparent re-
sistivity (p,) can be calculated. The apparent resistivity data
obtained is then modeled into a 2D resistivity cross-section
model. Modeling is done using the least-squares inversion lin-
ear method by matching the model data and observational data
[11]. The least-squares inversion technique is one technique
that is often used to obtain the values of parameters in linear
regression modeling. In general, the least square equation is:

(JTJJr,uF)d = Jrg— puFr 4)
F = foff + ffF

where f, is a horizontal filter, f, is a vertical filter, J is a Ja-
cobian matrix, J7 is a Jacobian matrix transpose, g is a dis-
crepancy vector of model data and observational data, d is a
disturbance vector model of observational data, r is a vector
containing logarithm and resistivity value of the model, and
is a damping factor that serves to accelerate convergence [11].

Furthermore, the 2D resistivity cross-section model of each
path is correlated to one 3D resistivity model. 2D and 3D
resistivity models are marked with different contour colors,
which shows the different resistivity values of the rocks con-
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TABLE I: Coordinates of research trajectories.

Num Line Name

Left and Right Track Coordinates

1. Line-01
2. Line-02
3. Line-03
4. Line-04
5. Line-05

7° 107 39.80” S & 108° 47° 29.50” E - 7° 10” 46.18” S & 108° 47’ 28.06” E
7° 107 40.05” S & 108° 47° 30.22” E - 7° 10” 46.42” S & 108° 47’ 28.77" E
7° 10 40.34” S & 108° 47° 31.05” E - 7° 10” 46.70” S & 108° 47" 29.66” E
7° 10" 40.63” S & 108° 47° 31.84” E - 7° 10” 46.98” S & 108° 47" 30.48” E
7° 107 40.90” S & 108° 47° 32.70” E - 7° 10” 47.28” S & 108° 47" 31.31” E

Linggopodo Formation

FIG. 5: Geological map of the Bentarsari Basin area of
Salem District in the Majenang Geology Sheet [13].

tained therein. Interpretation is done to interpret the types of
rocks and to get information about the description of subsur-
face rocks structures in the study area. Estimation of the sub-
surface rocks structures in the study area including coal de-
posits is carried out through the resistivity value approach of
each rock based on the resistivity value standard table and the
geological information of the study area. Interpretation of 2D
and 3D-resistivity cross-section models results in 2D and 3D-
lithological models that provide visual information about the
distribution of coal in the area [12].

III. RESULTS AND DISCUSSION

Bentarsari Basin Area, Salem District, Brebes Regency has
the potential of coal quarrying material, especially young coal.
This can be seen from the geological information developing
in the area. Geologically the Salem District area is composed
of five rock formations, namely the Kumbang Formation,
Tapak Formation, Kalibiuk Formation, Kaliglagah Formation,
and Linggopodo Formation as shown in Fig. 5 [13]. The re-
search area is included in the Kaliglagah Formation with the
upper structure consisting of coarse sandstones and conglom-
erates; at the top, claystone and marlstone are reduced and

TABLE II: Results of interpretation of the combined
lithology cross-sections of Line-01 through Line-05.

Num Resistivity Rock Depth Lithology
(2m) Type (m)
1 < 25.80 Clay 0-28.7 ===
2 23.50-98.40 Sandy clay 0-28.7 ===
3 86.10-219.00 Young Coal 0-26.5
(lignite)
4 > 200.00 Sandstone 0-22.0 /3

even almost none. In the north-central part of the Bentarsari
Basin, there are insertions of young coal with a thickness of
2-3 feet [13]. While the lower part is composed of black clay,
green marl, andesite sandstones, and conglomerates. Gener-
ally, these sandstones are cross-coated with thin insertions of
young coal, with thicknesses reaching 350 m [13].

The results of the inversion of the subsurface resistivity
cross-section in 2D on the Line-01 line is shown in Fig. 6.
The resistivity values obtained on the Line-01 line range from
6.33-169.00 m. The maximum depth of the measurement
obtained is 28.7 m. The error value resulting from modeling
using the least-squares inversion method is 8.3%. Then
2D-resistivity cross-section after interpretation produces a
lithology cross-section model as shown in Fig. 6. Lithology
cross-section model on the Line-01consists of four subsurface
rock structure layers presented in Table II. The first layer
has the smallest resistivity value of 6.33-25.80 2m, and it
is interpreted as clay. The clay is interspersed with a layer
structure that has a higher resistivity value of 25.90-86.00
Qm which is interpreted as sandy clay. The next layer
that became the target of the study is young coal with a
resistivity value of 86.10-200.00 Q2m. While the highest re-
sistivity value is >200.00 m which is interpreted as sandstone.

In the same way, the results of inversion resistivity data
modeling on Line-02 to Line-05 have produced some resis-
tivity cross-sections, while the results of lithological interpre-
tation have resulted in lithological cross-section of subsurface
rocks, as shown in Fig. 7 and Fig. 8. Results of lithology
interpretation for all complete resistivity cross-sections with
their physical parameters are combined and shown in Table II.

Fig. 6 through Fig. 8 shows that the layer of young coal
(lignite) appears dominant at a stretch of 100-180 m at a
depth of 0-26.5 m. The location of young coal on each
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FIG. 9: 3D-lithological model depicting coal deposit models in the study area.

track is scattered and inserted in the structure of the sandy
clay layer. The results of this interpretation are in accord
with geological information, where sandstones are generally
layered randomly or mixed with young coal seam structures
in the Kaliglagah Formation [14]. The depth of the coal seam

obtained in this study is distributed locally, so this is not seen
in the results of previous studies using the satellite imagery
gravity method and the magnetic method. Gravitational and
magnetic methods are more global with broader research
areas. Also, modeling and interpretation tend to be subjective
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FIG. 10: Several outcrops of young coal that appear on the surface of the study area (source: personal photos).

because it uses 2D-forward modeling techniques [14,15].
Therefore, these two methods are less sensitive in describing
the presence of young coal deposits that are inserted in the
local sandy clay layer, but it is quite good in mapping the
presence of coal deposits in the Kaliglagah Formation [3,4].

The results of the correlation of the five lines of the
lithology cross-section 2D model into the 3D lithology
cross-section model can be seen in Fig. 9. Correlation is done
because the distance between the lithology paths is relatively
close and parallel. Besides, the intervals of resistivity values
of subsurface rock types for each path are also relatively
similar. The 3D lithology cross-section model shows that the
structure of subsurface rock layers in the study area consists
of four-layer structures namely clay, sandy loam, young coal,
and sandstone with resistivity interval values as shown in
Table II. In Fig. 9, the young coal seam is depicted with a
black contour. The results of this correlation indicate that
the coal layer is located at a depth of 0-26.5 meters with a
resistivity value of 86.10-219.00 Qm.

Based on the results of modeling and interpretation, young
coal deposits are evenly distributed in the study area but
appear dominant in the southern part of the track. Besides,
coal seams are generally found mostly on the surface. This
is consistent with the number of coal outcrops on the surface
in the area, as shown in Fig. 10. Geologically, the coal
bed insert is located in the sandy clay layer structure, and
sandstones are randomly layered or mixed with a thin layer of
young coal. This will help the process of coal formation due
to an increase in temperature and pressure [16]. Coal in the
study area is still relatively young, but has a high economic
value if it can be used as an alternative energy source; for
example converted into briquettes, liquid coal, or synthetic
oil to overcome current energy scarcity [17]. This research
is still limited by a small area, therefore this research can
be continued by expanding the surrounding area so that the
results are complete.

IV. CONCLUSION

Geophysical exploration using the resistivity geoelectric
method with the Wenner configuration to model coal deposits
in the Bentarsari Basin area, Salem District, Brebes Regency
has been carried out. The results of the 2D resistivity cross-
section interpretation produce a 2D lithology cross-section.
Furthermore, each 2D lithology section is correlated, so a 3D
lithology model is obtained which illustrates a young coal
deposit model in the study area. The results of the interpreta-
tion are clay with resistivity values ranging from 4.45-25.80
Qm, sandy loam with resistivity values of 23.50-98.40 Q2m,
young coal with resistivity values ranging from 86.10-219.00
Qm, and sandstones with resistivity value of > 200.00 Qm.
Distribution of young coal in the Bentarsari Basin area is
spread evenly at a depth of 0-26.5 m with greater potential
to the south of the track. The results of this study are in
accord with geological information and are supported by the
results of the analysis of gravity methods of satellite and
magnetic images that show the presence of coal deposits in
the Kaliglagah Formation.
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