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ABSTRACT ARTICLE INFO

The quality of freshwater in peatland areas poses significant concerns Article history:
for both governmental bodies and local communities. Challenges arise
during well drilling activities, where individuals often encounter
difficulties in accessing fresh water, either due to its absence or
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contamination with peat-infused water. Tarai Bangun Village, situated
in the Kampar Regency of Riau, represents a critical peatland region Keywords:
warranting thorough investigation, particularly along street of Sarana

. . ; . . Aquifer
Utama. Despite lacking social amenities such as markets, the area is d .
. . . . . . Geoelectric
equipped with essential facilities like schools and places of worship. This
. Peatland
study aims to assess the efficacy of Wenner and Schlumberger
. S . . . . Schlumberger
configuration modeling in horizontal and vertical soil mapping, thereby Wenner
facilitating a comprehensive understanding of groundwater distribution
and aquifer zoning within the peatland areas under examination. This is an open access
Analysis conducted utilizing Res2DInv software for horizontal modeling article under the CC BY
revealed significant findings. In track 1, groundwater layers were license.

identified at depths of 6.50 meters and 19 meters, comprising gravel,
sandstone, and limestone. Track 2 exhibited an aquifer layer spanning @ ®
depths from 2.50 meters to 24.9 meters, consisting of alluvium, gravel,

and limestone. Furthermore, interpretation of 1D geoelectric vertical

model cross-sections using Progress software unveiled additional

insights. Path 1 delineated depths of o0.12 meters, 19.30 meters, and

beyond 41.28 meters, featuring a lithological composition of sandstone,

limestone, and dry gravel. Path 2 showcased depths of 0.14 meters, 9.43

meters, and exceeding 12.02 meters, characterized by dry sand and

gravel formations.
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1. INTRODUCTION

Peatlands are a collection of organic matter that has decomposed over thousands of years in
watery conditions [1, 2]. The low water quality in peatlands can lead to unhealthy environments
because peat water has a low pH and a high level of heavy metal content. Indonesia has 17.2 million
hectares of peatland spread across various islands such as Sumatra, Kalimantan, and Papua. Sumatra
Island has 6.4 million hectares (43% of Indonesia’s peatland) with 56.6% located in Riau Province [3-
5]. Peatlands have the capacity to absorb water up to 13 times their weight, thus playing a role in
reducing flood risk and potentially containing high levels of organic matter [6, 7]. Peatlands also have
characteristics such as low bulk density, high porosity, and high acidity levels. According to
Soewandita (2018), about 85% — 95% of the water content in peatlands is undrained, so even though
the top layer may be dry, the lower area of the peatland remains moist [8]. The presence of water in
peatlands functions as a source of fresh water in significant volumes, reaching 8 — 13 times the volume
of the peat itself. The potential that needs to be managed in peatlands concerns fresh water.
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Freshwater is water that is safe for human consumption, making up about 2.5% of the total
water composition on Earth. Freshwater sources can be found in lakes, rivers, snow, or well water,
which represents one of the groundwater variants utilized to support the life of humans, animals, and
plants. In areas inefficient at absorbing water, there is direct runoff from the ground surface to rivers,
lakes, and seas without the process of absorption into the ground. This condition causes a limitation of
water supply [9-11]. The scarcity of freshwater on Earth poses a challenge that needs to be overcome,
and the search for groundwater sources by identifying lithology or the types of rocks capable of
storing aquifers potentially becomes productive aquifers, thus meeting the needs for clean water [12,
13]. An aquifer is a permeable underground layer that contains water along with rocks, fissures, and
unconsolidated materials. Geoelectric measurements aim to investigate physical concepts in the Earth's
layers, including the method of specific resistance of the subsurface. This is done to identify the
distribution of specific resistance in aquifers that form the subsurface layer, and to interpret data from
the measurements obtained [14-16]. One way to do this is by using geoelectric methods. Geoelectric
methods are among the geophysical methods that are easy, efficient, and produce data with a wide
range. Several researchers have conducted studies on groundwater aquifer layers using the Wenner
Configuration and Schlumberger Configuration geoelectric methods.

The geoelectric method uses 4 electrodes, where 2 are current electrodes and 2 are potential
electrodes. The principle of this method uses the concept of electric current propagation in the Earth's
heterogeneous medium, with the ratio between the measured potential difference and the magnitude of
the electric current injection reflecting the resistivity values of various media beneath the Earth's
surface. By conducting a resistivity analysis between different media or types of rocks, accurate results
can be obtained. Geoelectric data interpretation is crucial in depicting the subsurface image. Each rock
layer has its resistivity value and characteristics [17-19]. Based on the research regarding the
determination of aquifer layers using the Wenner configuration geoelectric method in the Bumi Kualu
Damai Il Housing area, Tarai Bangun Village, Tambang District, Kampar Regency, the results stated
that based on its resistivity values, the aquifer layer in the study area is located at a depth of up to 19.8
meters below the ground surface with resistivity values ranging from 52.9 — 593 Qm. The subsurface
lithology in this study area is a peat layer with resistivity values of 84.6 — 195 Qm. The water quality
is not yet suitable for consumption due to its highly acidic nature, but it is still safe and suitable for
other needs such as washing, bathing, and more. The issue of clean water quality in peatland areas has
become a concern for both the government and the community. Challenges are encountered in the
field when residents attempt to drill wells, only to find no freshwater or to discover it contaminated
with peat water. Tarai Bangun Village, Kampar Regency, one of the areas in Riau that is situated on
peatland, requires attention for study, particularly on street of Sarana Utama. Around the location of
this study, there are no social facilities used by residents such as markets. However, other social
facilities are available, including schools and places of worship. The use of Wenner and Schlumberger
configuration modeling is expected to be a step in mapping the soil horizontally and vertically, thus
providing a cross-section of groundwater distribution and aquifer zoning in the peatland area of the
study site. Given the background outlined above, the research question raised in this study is what the
condition of the aquifer distribution pattern is in the peatlands of Tarai Bangun Village, Tambang
District. Considering the study location area still faces significant clean water issues, as residents
attempting to drill wells either fail to find freshwater or find it contaminated with peat water. Thus, to
this day, in the research location, there are only a few residential areas occupied by the community.

2. RESEARCH METHODS

2.1. Research Location

This study was conducted in Tarai Bangun Village, Kampar Regency, Riau, utilizing the
Schlumberger and Wenner geoelectric configuration methods to analyze primary data collected from
the field. These geoelectric methods were used to identify aquifers by varying the subsurface
resistivity values. The geographical location of the study can be seen in Figure 1. This research used
two tracks, each 300 meters in length, for data collection at the research site. The first track is marked
with an orange line symbol at the coordinates 0°25'16.2"N 101°19'50.1"E. Meanwhile, the second
track is marked with a red line symbol and has the coordinates 0°25'20.8"N 101°19'50.3"E.
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Figure 1. Research location map.

2.2. Research Equipment Preparation

After determining the length of the track to be used, the starting point of the track is set as the
starting point for measurements, and the coordinates of this point can be identified using a GPS. Then,
the spacing distance (a) between potential electrodes (P,P,) and current electrodes (C;C,) is set at 5
meters each, and both electrodes are inserted into the ground. Once the electrodes are in place, the
winding cable is connected to the current electrodes (C,C,) and the potential electrodes (P;1P,) to link
the electrodes with the resistivity meter, which serves as a conduit for current and potential. Next, the
resistivity meter is connected to a car battery, and connector cables are used to connect the battery to
the (+) and (-) input jacks on the resistivity meter. The equipment used for data retrieval can be seen in
Appendix 3 of the research materials.

2.3. Measurement and Data Collection using a Resistivity Meter

The resistivity meter is turned on by pressing the power button from the off to on position.
When the current loop indicator points to the right, the resistivity meter is considered ready for use. If
not, the connection needs to be adjusted by deepening the current electrodes. Next, the resistivity
meter button is pressed until the voltage display (V) approaches zero or shows a zero reading. The
start button is then pressed to inject current until the current display (mA) shows a stable data reading.
Lastly, the hold button is pressed to facilitate reading the current on the display as well as the
potential, and the measurement data that appears is recorded. The study is conducted by moving each
electrode according to the rules of the Schlumberger and Wenner configurations until the end of the
track. Measurements are taken several times by setting a number of tracks between electrodes.

2.4. Data Processing with Microsoft Excel

The data collected from the research, consisting of current values and potential differences, are
further processed using the Microsoft Excel application to generate geometric factor values, apparent
resistivity, and datum points.

2.5. Data Interpretation with Progress and Res2DInv Software

In this study, the obtained data are processed using Progress Software for the Schlumberger
configuration and Res2DInv Software for the Wenner configuration. These software programs are
used to determine the true resistivity values from the previously calculated apparent resistivity data
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using Microsoft Excel. To accomplish this, an inversion model is created based on the calculations of
the apparent resistivity data. The result of this process is interpretation in the form of one-dimensional
(1D) profiles for the Schlumberger configuration and two-dimensional (2D) profiles for the Wenner
configuration, depicting the subsurface structure of the research site. To ensure accurate resistivity
interpretation, geological data from the research area is required as support. This geological data helps
strengthen the resistivity values of the subsurface media produced through Progress and Res2DInv
software. Thus, this study combines resistivity information from Progress and Res2DInv software with
geological data to better understand the subsurface characteristics at the research site.

2.6. Data Analysis

The subsurface imagery generated by Progress Software consists of line graphs based on
geoelectric interpretation supported by a table relating resistivity values to rock types. Meanwhile, the
subsurface imagery produced by Res2DInv Software is a colored representation containing
information about resistivity values beneath the ground, which can assist in identifying lithological
arrangements beneath the surface as well as the depth of rocks. This is done by referring to the range
of resistivity values classified, while also considering regional geological data from the research area.
Thus, determining the subsurface layers in hot spring areas can be done more accurately.

2.7. Procedure for Geoelectric Data Processing
The procedure for processing geoelectric data can be outlined as follows:

2.7.1. Processing Geoelectric Data with Progress Software

The measurement results obtained from the research site in the form of resistivity data are
processed using Progress software. The resistivity data is first calculated, and then the geometric factor
values are calculated using an Equation. The steps for using Progress software to process geoelectric
data are as follows:

1. Measurement data consisting of current electrode AB values, potential electrode MN values,
current strength I, and voltage V are processed using Microsoft Excel to determine the geometric
factor and apparent resistivity values.

2. The processed data from Microsoft Excel is then copied into Notepad and inputted into the
Progress software by entering the AB/2 value and the apparent resistivity value.

3. After inputting the values, the processed data results in a graph displaying resistivity values and
lithology for each layer, along with thickness values.

4. The obtained graph and mapping can be used to model resistivity by matching lithology with
corresponding resistivity values and depths.

2.7.2. Processing Geoelectric Data with Res2DInv Software

Once the data is obtained, data processing is performed. Data processing for resistivity
geoelectric data uses Res2DInv software. Res2DInv software automatically determines a two-
dimensional (2D) resistivity model to determine the subsurface from resistivity geoelectric survey
data. The data processing process with the steps performed is as follows:

1. The data obtained from the measurement results, including electrode spacing length, injected
current (I), and potential difference (V) generated from observation points, is processed using
Microsoft Excel to calculate geometric factors and resistivity values.

2. The calculated data is then copied to Notepad, and inputted into the Progress software to produce
processed data in the form of a graph displaying resistivity values for each layer along with depth
values from the generated data.

3. Apparent resistivity values are calculated from the measurement configuration factors and the
comparison of potential difference (AV) and current strength (I) measurements.

3. RESULTS AND DISCUSSIONS

Field data collection was carried out using the Wenner configuration method or horizontal
model, where two tracks were made with each track measuring 300 meters in length. The modeling
results of the Wenner configuration are represented by different colors variations on the vertical axis,
indicating depth in meters, while the horizontal axis depicts the electrode positions in meters.
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3.1. Interpretation of Horizontal Geoelectric Data — Track 1
Track 1 is located at coordinates 0°25'10.0"N 101°19'46.9"E and extends from north to east.
The modeling results of track 1 using the Res2DInv software can be seen in Figure 1.
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Figure 2. Subsurface resistivity model of track 1 using Res2DInv.

According to Choudhury et al. (2001) [20], there are various variations in resistivity values in
the subsurface layers. The difference in resistivity values between peat and other substrates can be
used as an indicator to identify underground structures. Figure 2 illustrates various types of layers with
specific resistivity values indicating the composition of materials within them. An aquifer layer is a
geological formation that can store and transmit water underground, with the ability to move water in
sufficient quantities to support economic development [21]. An aquifer can also be interpreted as a
layer that allows water to be stored and flow, or what is called a permeable layer, such as sand or
gravel. Conversely, a layer that cannot be penetrated by groundwater is called an impermeable layer,
such as a clay layer. In track 1, the lowest resistivity value is 26.7 Qm and the highest resistivity value
reaches 284,524 Qm. This highest resistivity value indicates a depth of subsurface layers of up to 24.9
meters, resulting in measurement accuracy with an RMS-error of 17.4%. The interpretation results of
resistivity value measurements on track 1 can be seen in Table 1.

Table 1. Description of interpretation results - track 1 Wenner configuration.

Resistivity (Qm) Depth (m) Distance (m) Rock type Information
30-45
26.7—100 2.50-24.9 16355__110600 Clay and sand Non aquifer
230 — 280
100 - 378 2.50-24.9 15-280 Some clay and gravel Aquifer
15-130
378 - 5,343 6.50 —24.9 130 -175 Gravel and sandstone Aquifer
175 — 285
15-50
5,343 - 20,102 25-19 60 -90 Limestone Aquifer
’ ' 155 — 165
175 — 285
115-125

180 — 200

75,628 — 284,524  12.8-24.9 Quartzite Non aquifer

The first layer, which has resistivity values ranging from 26.7 — 100 Qm, is located at depths
ranging from 2.50 — 24.9 meters. This layer can be identified by its dark blue color and interpreted as a
medium peat layer containing a mixture of clay and sand. The second layer is characterized by
variations in color from dark blue to light blue and has resistivity values of 100 — 378 Qm, also found
at the same depths ranging from 2.50 — 24.9 meters. This layer likely consists of some clay and gravel.
The third layer has resistivity values ranging from 378 — 5,343 Qm and is marked by light green to
dark green colors. It is spread from depths of 6.50 — 24.9 meters and can be interpreted as dry gravel
and sandstone. The fourth layer, ranging in color from dark green to light brown, has resistivity values
of 5,343 — 20,102 Qm. This layer is located at depths of 2.5 — 19 meters and identified as limestone.
The last layer or the fifth layer, which spreads from depths of 12.8 — 24.9 meters, is quartzite rock with
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resistivity values ranging from 75,628 — 284,524 Qm. This layer is characterized by colors varying
from orange to purple.

3.2. Interpretation of Horizontal Geoelectric Data — Track 2

Track 2 is located at coordinates 0°25'10.0"N 101°19'46.9"E. The modeling results of track 2
using the Res2DInv software are clearly depicted in Figure 3. The Res2DInv software is utilized to
obtain a 2D geoelectric cross-sectional model consisting of layer depths and resistivity variations as a
reference for interpreting the types of materials or rocks present beneath the earth's surface. In this
model, it is evident that the lowest resistivity value is 1.49 Qm, reaching up to a maximum resistivity
of 77064 Qm. Additionally, the interpretation results indicate that the depth below the surface along
track 2 is 24.9 meters with an error value of 17.5%, covering a track length of 300 meters with
measurement point spacing of 10 meters.
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Figure 3. Subsurface resistivity model of track 2 using Res2DInv.

Figure 3 illustrates the 2D resistivity cross-section of track 2. The interpretation results of
track 2 data reveal several layers identifiable based on resistivity values. The first layer, with
resistivity values ranging from 1.49 — 33.1 Qm, is situated at depths from 7.50 — 24.9 meters. This
layer is characterized by dark blue to light blue colors in the image and interpreted as a shallow peat
layer containing clay and sand. The second layer, interpreted as alluvial deposits and gravel, is
indicated by variations in colors from light green to dark green with resistivity values ranging from
156 — 736 Qm. This layer is located at depths from 2.5 — 24.9 meters. Meanwhile, the third layer, with
resistivity values of 736 — 16,348 Qm, is identified as limestone. This layer is marked by light green to
orange colors in the image and is located at the same depths of 2.5 — 24.9 meters. The last layer,
ranging in depth from 2.5 — 24.9 meters and shown with variations in colors from orange to purple
with resistivity values ranging from 16,348 — 77,064 Qm, is interpreted as quartzite. The interpretation
results of track 2 data can be seen in Table 2.

Table 2. Description of track 2 interpretation results Wenner configuration.

Resistivity (Qm) Depth (m) Distance (m) Rock type Information
130 - 160
190 — 205 .
1.49-33.1 7.50-24.9 290 — 230 Clayand sand ~ Non aquifer
250 — 265
156 — 736 25-24.9 15-285 Alluvium aquifer
15-80
90 - 150 . .
736 — 16,348 25-249 160 — 200 Limestone aquifer
210-270
7706 — 16,348 25-24.9 100 - 130 Quartzite Non aquifer

Field data collection was conducted using the Schlumberger configuration or horizontal
model, where two tracks were carried out with each track having a length of 300 meters. The modeling
results from the Schlumberger configuration are represented by the actual apparent resistivity values
on the vertical axis, indicated in ohmmeters, while the horizontal axis depicts the electrode depth
positions in meters.
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3.3. Interpretation of Vertical Geoelectric Data Model — Track 1

Track 1 has a length of 300 meters with a spacing of 10 meters. This track is located at
coordinates 0°25'10.0"N 101°19'46.9"E and runs from north to east. The modeling results of track 1
using the Progress software can be seen in Figure 4 below. From the model, it is observed that the
resistivity values range from 21.99 — 3293.62 Qm, and the interpretation results state that the depth
below the surface along track 1 is 60.00 meters with an error value of 12.16%.

Figure 4 depicts the subsurface layer structure of the soil on track 1 with a total of 7 layers
identifiable using the vertical model. The first layer, ranging from the surface to a depth of 0.12
meters, shows a resistivity value of 21.99 Qm and is interpreted as a mixture of sand and clay. The
second layer, with a depth of 0.12 — 6.08 meters and a resistivity value of 3293.62 Qm, is interpreted
as sandstone and limestone. Next, the third layer, located at depths from 6.08 — 19.30 meters, shows a
resistivity value of 1864.05 Qm and is identified as dry sandstone and gravel. The fourth layer, with a
resistivity value of 3.38 Qm at depths from 19.30 — 23.04 meters, is interpreted as a mixture of clay
and sand. The fifth layer, ranging from a depth of 23.04 — 41.28 meters, shows a resistivity value of
222.44 Qm and is identified as a layer of sandy clay and gravel. The sixth layer, at depths from 41.28
—49.32 meters, shows a resistivity value of 498.00 Qm and is interpreted as dry sand and gravel. The
last layer, at depths from 49.32 — 60.00 meters, has a resistivity value of 1300.53 Qm and is identified
as dry sand and gravel. The interpretation results of track 1 data can be seen in Table 3.

CURVE OF APPARENT RESISTIVMITY WS ELECTRODE SPACING LEGEND
10° E_ Sounding Point : Lintasan 1 Schlumberger
C Electrode Configuration : Schlumberger
: RMS [Root Mean Square] : 121573 %
Model Parameters
E Layer Depth Resistivity
w0t 1 0.00 21.99
o 2 012 3293.62
- 3 6.08 1864.05
B 4 19.30 338
Il 5 23.04 222.44
Ssa o B 41.28 498.00
B qoSib i 7 49.32 1300.53
Ohmml  F :
C 9
i 10
11
i 3 12
102 B Description :
_:_ ) = Observed Data
m —— = Calculated Data
= r—Lr— = Model Parameters
= Pa = Apparent Resistivity (Ohm-m)
| | | | Spacing = Electrode Spacing (m) : AB/2
ani 1 [ fead [ B 1] W 1 [ fead [ B 1] W  feobd [ i 1] W 1  foobd [ B 1] W
10 S0 100 10! 102 103 Depth = Depth of Layer (m)
Spacing [m) Resistivity = True Resistivity of Layer (Ohm-m)
Figure 4. Progress interface of vertical model data processing - track 1.
Table 3. Description of interpretation results for track 1 Schlumberger configuration.
Resistivity (Qm) Depth (m) Distance (m) Rock type Information
21.99 0.00-0.12 0.12 Sand and clay Non aquifer
3,293.62 0.12-6.08 5.96 Sandstone and limestone Aquifer
1,864.05 6.08 — 19.30 13.22 Dry sand and gravel Aquifer
3.38 19.30 - 23.04 3.74 Clay and sand Non aquifer
222.44 23.04 -41.28 18.24 Sand clay and gravel Non aquifer
498.00 41.28 — 49.32 8.04 Sand and gravel Aquifer
1,300.53 49.32 - 60.00 10.68 Dry sand and gravel Aquifer
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3.4. Interpretation of Vertical Geoelectric Data Model — Track 2

Track 2 is located at coordinate 0°25'10.0"N 101°19'46.9"E, running from North to South. The
modeling results of track 2 using the vertical model are clearly depicted in Figure 5 using the Progress
software. From the model, the resistivity interval on this track ranges from 12.02 — 1,478.31 Qm, with
7 layers identified through resistivity values and depths from the ground surface.

The model shown in Figure 5 represents the progress interface presenting resistivity values
along with the depth of each layer. It is evident that on track 2, using the vertical model, the layer
depth is 47.04 meters with an RMS-error value of 10.16%. The interpretation results of track 2 data
can be seen in Table 4.

CURVE OF APPARENT RESISTIMITY WS ELECTRODE SPACING LEGEND
107 E_ Sounding Point : Lintasan 2 Schlumberger
r Electrode Configuration : Schlumberger
: RMS [Root Mean Square) : 10,1750 %
Model Parameters
i Layer Depth Resistivity
w04 B 1 0.00 108.72
= 2 0.14 1478.31
- 3 353 £82.70
B 4 9.43 589,50
L 5 11.94 12.02
6 12.85 890.89
Pa 103 E /O,w 7 47.04 406.35
i 3 10
11
12
102 E Description :
E o = Observed Data
I = Calculated Data
- —L—r— = Model Parameters
- Pa = Apparent Resistivity (Ohm-m)
| | | | Spacing = Electrode Spacing [m) : AB/2
anl 1 e J el o i 1 L) PSS 1 ool Jd bd o i B} 1 | Fcbd Bl el o e Y}
10 501 100 101 - 103 Depth = Depth of Layer (m)
Spacing [m) Resistivity = True Resistivity of Layer (Ohm-m)
Figure 5. Progress interface of vertical model data processing - track 2.
Table 4. Description of interpretation results for track 2 Schlumberger configuration.
Resistivity (Qm) Depth (m) Distance (m) Rock type Information
108.72 0.00-0.14 0.14 Sand clay and gravel ~ Non aquifer
1478.31 0.14-3.53 3.39 Dry sand and gravel Aquifer
682.70 3.53-9.43 59 Dry sand and gravel Aquifer
589.50 9.43-11.94 2.51 Sandstone Aquifer
12.02 11.94-12.85 0.91 Sand and clay Non aquifer
890.89 12.85-47.04 34.19 Dry sand and gravel Aquifer
12.96 47.04 — 60.00 12.96 Dry sand and gravel Aquifer

The underground layers with resistivity value of 108.72 Qm at depths from 0.00 — 0.14 meters
are interpreted as a mixture of sandy clay and gravel, while the second layer, with depths ranging from
0.14 — 3.53 meters and a resistivity value of 1478.31 Qm, is identified as dry sand and gravel. The
third layer, with depths from 3.53 — 9.43 meters and a resistivity value around 682.70 Qm, is
interpreted as a layer of dry sand and gravel. Furthermore, the fourth layer with a resistivity value of
589.50 Qm and depths from approximately 9.43 — 11.94 meters is interpreted as sandstone. The fifth
layer, at depths from 11.94 to 12.85 meters, is identified as a mixture of sand and clay with a
resistivity value of 12.02 Qm. The sixth layer has a resistivity value ranging from 890.89 Qm at
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depths from 12.85 — 47.04 meters, interpreted as dry sand and gravel. The last layer, at depths from
47.04 — 60.00 meters, is identified as dry sand and gravel with a resistivity value of 406.35 Qm.

3.5. Discussion of Geoelectric Data Results

3.5.1. Horizontal Geoelectric Model Data

The geoelectric measurements using the horizontal model reveal that each research track
consists of multiple rock layers with varying resistivity and different depths. The resistivity values of
rocks are influenced by factors such as water content, porosity, density, and permeability of the rock
layers. Rock layers with high resistivity act as aquifers with low productivity due to the dry conditions
of the layers, while rock layers with low resistivity have the potential to be aquifers with high
productivity [22]. Data from track 1, with layers having resistivity values ranging from 26.7 — 100
Qm, are interpreted as non-aquifer layers dominated by clay, indicating the presence of a semi-
permeable basal layer (aquitard) containing groundwater. Meanwhile, the layers at depths of 2.50 —
24.9 meters with resistivity values of 100 — 378 Qm are dominated by gravel and some clay,
classifying them as water-bearing layers (aquifers). Sandstone typically has a normal porosity density
ranging from 10% — 20%, allowing it to store groundwater and facilitate water flow. Layers with
resistivity values of 378 — 5,343 Qm are interpreted as effective aquifer layers, consisting of gravel
and sandstone with a combination of high porosity and good permeability. Furthermore, layers with
resistivity values of 5,343 — 20,102 Qm are identified as limestone, which is an aquifer layer with high
porosity, primarily due to the presence of calcite (calcium carbonate) that dissolves. When water
infiltrates limestone, calcite dissolution can occur, leaving pores in the rock that allow water to
accumulate. Limestone structures generally serve as significant groundwater sources and can be
utilized for drinking water supply. Additionally, karstification in limestone rocks can create complex
and fascinating groundwater systems. The last layer consisting of quartzite with resistivity ranging
from 75,628 — 28,4524 Qm is not considered an aquifer layer. This is due to the low porosity and
permeability of quartzite, resulting from its dense grain structure and lack of natural water channels
within the rock. Therefore, water cannot easily flow through quartzite, making it ineffective as an
aquifer layer.

Data from track 2, with resistivity intervals of 1.49 — 33.1 Qm, are interpreted as layers
containing clay and sand, forming a semi-impermeable layer that allows water to flow, albeit slowly.
The layers found at depths from 2.5 — 24.9 meters with resistivity values of 156 — 736 Qm are
identified as alluvium. Alluvium generally consists of a mixture of sand, gravel, mud, and other
deposit obtained through deposition processes by water flow and has relatively high porosity ranging
from 20% — 40%, making it an effective aquifer. Furthermore, layers with resistivity values of 736 —
16,348 Qm constitute aquifer layers consisting of limestone. Limestone is known to have a good
porosity level ranging from 5% — 30%, allowing it to efficiently transmit water. The last layer, with
resistivity values ranging from 7,706 — 16,348 Qm, is interpreted as a non-aquifer layer because it
contains quartzite. Quartzite, with its dense grain structure and low permeability, cannot effectively
transmit water through the rock matrix.

3.5.2. Vertical Geoelectric Model Data

Geoelectric resistivity measurements using the Schlumberger configuration rule show data
processing results using the Progress software, which can be seen in Figure 4 and Figure 5. Aquifer
layers obtained from the data processing results on track 1 and track 2 indicate the distribution of
groundwater. Aquifer layers containing groundwater are found at depths of 6.08 — 19.30 meters and
3.53 — 9.43 meters. The resistivity values shown in Figures 4 and 5 indicate that areas with soil and
subsurface rock layers with intervals ranging from 406.35 — 3,293.62 Qm can be interpreted as
permeable layers. These layers consist of gravel and sand. They allow groundwater to flow because
sand and gravel have large porosity, making these layers potentially capable of transmitting and
storing groundwater [23, 24]. These findings are significant, consistent with interviews with local
residents indicating that well depths in the area typically range from around 7 — 15 meters.

Peat layers contain fluid because they have the ability to absorb water. A layer with resistivity
of 589.50 Qm can be interpreted as a sandstone layer. This layer allows for the presence of
groundwater, although the amount is not significant. The potential groundwater storage in rocks
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depends on the permeability of the rock [25-27]. Groundwater flow in this study tends to be dispersed
and occurs at certain depths, as seen in the obtained resistivity values. Groundwater distribution in the
research area extends 100 meters from East to West and from North to South.

The cover layer is the topmost layer, interpreted in this research area as fill soil with a
thickness of approximately 1 meter. The conductive zone, with resistivity values less than 1000 Qm, is
referred to as the unsaturated aquifer zone. The resistive layer, with resistivity intervals greater than
1000 Qm, is relatively lower and is presumed to be the basement. The resistivity interval of the cover
layer is quite long and is dominated by conductive layers [28, 29]. Layers with resistivity values
ranging from 200 — 1000 Qm are presumed to be layers with denser porosity but can be filled with
water, also known as aquitard, with lithological components believed to be sand, limestone, and dry
gravel. Layers with resistivity values greater than 1000 Qm are interpreted as layers dominated by
impermeable rock [30, 31]. The lithology in this research area is not exactly the same as the lithology
map of the Tambang District because its surface has been filled for housing development.

4. CONCLUSION

In summary, based on the resistivity measurement results, interpretation of the horizontal
model indicates that traverse 1 exhibit a range of soil layer resistivity between 26.7 Qm and 284524
Qm, with a maximum depth of 24.9 meters. Meanwhile, traverse 2 shows soil resistivity values
ranging from 1.49 — 7706 Qm. Interpretation results using the vertical model show that traverse 1 has
resistivity ranging from 3.38 — 3293.62 Qm, with a maximum depth of 49.32 meters. Traverse 2
exhibits a soil resistivity range between 12.02 Qm and 1478.31 Qm, with a depth of up to 47.04
meters. The presence of aquifers is confirmed based on the formation of geological map sheets, data
processing, and 2D geoelectric cross-sectional images of the horizontal model. Interpretation of
traverse 1 reveals aquifer depths at 6.50 meters and 19 meters, consisting of gravel, sandstone, and
limestone lithology. On traverse 2, aquifers are found at depths ranging from 2.50 — 24.9 meters, with
lithology composed of alluvium, gravel, and limestone. Interpretation results from the 1D geoelectric
vertical model cross-section show that traverse 1 is found at depths of 0.12 meters, 19.30 meters, and
beyond 41.28 meters, with lithology consisting of sandstone, limestone, and dry gravel. Meanwhile,
traverse 2 is found at depths of 0.14 meters, 9.43 meters, and beyond 12.02 meters, with lithology
composed of sand and dry gravel.
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