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Abstract—The research was carried out in Bontorannu
Village, Kajang District, Bulukumba Regency, South Sulawesi.
The research area is a plain area with rainfed rice fields.
Therefore, it is necessary to do research to identify the potential
of groundwater as a source of irrigation. The purpose of this
research is to provide an estimate of the plane, position, and
depth of the aquifer layer in the soil based on the interpretation
of measurements using the resistivity method of the
Schlumberger array. Through the results of this interpretation,
the pattern/contour modeling of the distribution of the aquifer
layer in the soil is determined which is projected as groundwater.
This research is an experimental research with a descriptive
approach method. Methods of this research consists of research
preparation, data acquisition, processing and interpretation of
data using Res2dinv software. The measurement points were
selected through feasibility survey. There are two measurement
points that length of each track used is a maximum of 300 meters.
The results showed that on track 1 there is a layer suspected of
being a shallow aquifer with a depth of 12-22 m. While on track
2, a potential deep aquifer layer is detected with a depth of 13-25
m.
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1. Introduction

Bontorannu is one of the villages that is located in
Kajang District, Bulukumba Regency, South Sulawesi.
Most of the rice fields in Bontorannu are rainfed rice
fields that are harvested once a year. Rainfed agriculture
relies rainfall for water supply. This results in
agricultural production that is not optimal. The irrigation
system is not supported by flow from water sources such
as rivers or reservoirs so that groundwater exploration is
needed as a source of irrigation water.

Groundwater occupies the voids in the geological
layer in a saturated state and in sufficient quantities
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(identical to aquifers) [1]. In the dry season, groundwater
can be an alternative because surface water and
rainwater cannot meet irrigation water needs. The
irrigation water requirement for rice crops is different
from that for secondary crops, where the ratio of water
requirements for rice plants can reach two to four times
the water requirements for secondary crops [2].
Therefore, it is necessary to identify the potential of
groundwater that can be used as water in the irrigation
system in Bonto Rannu Village, Kajang District,
Bulukumba Regency.

There are several methods in geophysical exploration
for groundwater including magnetic, seismic,
gravitational, electromagnetic, and geoelectric methods
[3]. One of the geophysical methods commonly used in
groundwater research is the resistivity method. This
method is considered as one of the most potential
methods in groundwater exploration [4], [5], [6]. The
resistivity method or the resistivity geoelectric method is
a dynamic method because it uses active interference
through current electrodes in the form of current
injection that is emitted below the earth's surface [7], [8].
The resistivity method provides an overview of the
composition and depth of rock layers by measuring the
electrical properties of the rock. Geoelectric survey with
resistivity method can be done in two ways, namely
mapping and sounding which produces information on
changes in the variation of resistivity values in both
lateral and vertical directions [9].

There are two types of resistivity probes, namely
Horizontal Profiling (HP) and Vertical Electrical
Sounding (VES) or depth probes [10]. The VES method
aims to study the characteristics and mapping of aquifer
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layers and estimate groundwater content, and can be
used as a guide in groundwater drilling [11]. The results
of the current and potential difference measurements
from the VES resistivity method for each particular
electrode distance can be determined by the variation of
the resistivity value of each layer below the measuring
point (sounding point). The difference in the resistivity
value of the material below the surface will be captured
by the potential electrode [7].

Electrical resistivity is related to different subsurface
characteristics, which include porosity, density, pore
size, shape, temperature, degree of water saturation in
rocks and so on. By considering some of these factors,
the groundwater conditions in an area can be interpreted
[11], [12]. The resistivity method is more cost-effective
and efficient so that groundwater exploration becomes
more practical because abundant and clean aquifer layers
can be more easily detected [10], [13], [14], [15].

The design of the resistivity method in this research
was applied with the Schlumberger array. The
Schlumberger array is a sounding technique, the distance
between the current and the electrode varies, so that only
the current is moved. This configuration is most often
used to find water sources [16].

The Schlumberger array (Figure 1) consists of two
current electrodes (C) and one potential electrode (P)
which are placed symmetrically between the two current
clectrodes at a much larger interval than the two
potential electrodes [17], [18].

STA
Figure 1. The Schlumberger array of electrodes [19]

The equation used in the Schlumberger array is as
follows [11]:

2 %

N = 77(/)~ /2— (1/4)7
The Schlumberger method is easy to operate, as it
takes less time and deeper distances can be covered.

Depths of more than 100 m can be reached by this
method [12], [17].
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The purpose of study is to provide an estimate,
position, and depth of the aquifer layer in the soil based
on the interpretation of measurements using the
resistivity method with Schlumberger array. Through the
results of this interpretation, the pattern/contour
modeling of distribution of aquifer layers in the soil is
determined. Previous research in 2019 by Puspitasari, et
al [20] and Syamsuddin, et al [8] discussed the
geoelectrical resistivity method to explore groundwater
potential in the South Sulawesi region. Based on the
various research results, it can be seen that the
geological conditions of the subsurface layer can be
predicted using the resistivity method.

The topography of the research area is plains or rice
fields. In accordance with the hydrological map, the
position of groundwater in the rice ficlds in Bonto
Rannu is deep enough so that an optimal vertical
resistivity method is needed. Previous research by
Ezema et al [12] using the Schlumberger configuration
showed that this method can reach aquifer layers up to
hundreds of meters. Therefore, to explore and utilize
groundwater as a source of agricultural irrigation, this
research was conducted by identifying the potential for
groundwater in Bontorannu, Bulukumba Regency.

1. Research Methodology
A. Method

This type of research is an experimental research
with a descriptive approach method. The research
location is in Bontorannu Village, Kajang District,
Bulukumba Regency, which is located in South Sulawesi
Province. The research was conducted from July to
September 2021 where the data acquisition process took
place on August 4-5, 2021.

B. Figure and Table

The research data are in the form of primary data and
secondary data. Primary data retrieval was carried out
using the Schlumberger array resistivity method with a
measurement path length of 300 m. The trajectories used
in this study were two trajectories which were obtained
through a site feasibility survey before the research was
conducted. The two tracks were chosen with
consideration of accessibility and the strategic position
of the research location covering a lot of rice fields in the
vicinity. Primary data processing using Res2div
software.
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Figure 2. Satellite Image of the Research Location

Based on Figure 2, the topographical conditions of
the research location are in the form of rice fields/plains.
The description of the research location in terms of the
satellite image map is shown in Table 1.

Table 1. Location and Condition of Survey Track

Coordinate (S) Coordinate (E) Terrain
Track Conditions Formation|
Degree |Minutes|Seconds| Degree| Minutes (Seconds 1
1|1 37 74 120 34 17 Plains Tmpw:
Formation
Walanae
2 |5 21 23,3 |120 19 53,5 Plains Tmpw:
Formation
Walanae

There are two tracks with different coordinates as
shown in Table 1. Refer to Table 1, the coordinates of
first track is 1°37'74”S 120°34'17”E. For the second
track, the coordinates is 5°22'0”S 120°20'0”E. Both
tracks are plain areas.

Figure 3. Geological Map of Kajang
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Secondary data that supports the results of the study
is a geological map of the research location (Figure 3).
Bontorannu Village, Kajang District, located in
Bulukumba Regency is composed of the Walanae
Formation (Tmpw), sandstone, conglomerate, tuff,
siltstone, claystone, limestone, and marl. The relative
age of the formation and the rocks contained in the
Tpmw formation is in the Miseon period.

The research begins with the determination of the
coordinates of the research location for each trajectory. It
is expected that these two tracks can represent the survey
area. Tools and materials used for data acquisition are
resistivity meter, hammer, electrode rod, meter,
handytalkie, cable and Schlumberger data sheet. Here
are the stage of experimental research as shown in
Figure 4.

Geological Survey of
Research location

Set the measurement
trajectories

Find measured
resistivity value

Data processing with
Res2dinv software

Data analysis and
interpretation

Draw a conclusion

Figure 4. Research Flowchart

This research begins with determining the
coordinates of the location and preparing the tools and
materials to be used for data retrieval or acquisition. The
data acquisition process is carried out on a track that has
been prepared at the research site to obtain the apparent
subsurface resistivity. This stage is carried out by
installing electrodes and placing them parallel in a
straight line, then the electrodes are connected to the
Tigre Campus Resistivity meter.

The principle of the geoelectric method by injecting
DC celectric current into the ground. Connect the
resistivity meter to the electrodes. This electric current
injection uses 2 current electrodes A and B which are
plugged into the ground with a certain distance. The
longer the electrode distance AB will cause the flow of



INTEK Jurnal Penelitian
Vol. 8, No. 2, pp. 157-163, October 2021

electric current to penetrate deeper layers of rock. With
the flow of electric current, it will cause electrical
voltage in the ground. The electrical voltage that occurs
at the ground surface is measured using a multimeter
which is connected through 2 "voltage electrodes" M
and N which are shorter than the electrode distance AB.

The result of resistivity value is recorded in the
Schlumberger data sheet for each path. The resistivity
value obtained is the apparent resistivity value. The
apparent resistivity value obtained is then processed so
that it becomes the actual resistivity value.

Knowing the current and voltage values, the apparent
resistivity value can be calculated. This value is then
multiplied by & (geometry factor) to get the actual
resistivity value and then inverted through the Res2dinv
for later interpretation.

D. The Basic Concept of Apparent Resistivity
The measured resistivity value is known as apparent
resistivity. The earth consists of several layers that have
different resistivity (p) values, so the measured potential
difference is the influence of these layers. This gives a
measured resistivity value not only for one layer, but for
all layers [7]. The apparent resistivity value is expressed
in the following equation [21]:
AV
— k —
p.=k—

Thus, the measured resistivity value is not the actual
resistivity, but the apparent resistivity. The actual
resistivity value is obtained through the inversion
process of the apparent resistivity value [22].

E. Inversion Theory

The inversion process in geophysics aims to find a
model that provides a response similar to the
measurement value so that the type of model is obtained
which is an ideal mathematical representation of a part
of the earth. The physical quantity to be estimated from
the observed data is a set of parameters owned by the
model. The parameter part of the model is the resistivity
value of the cell model, while the data is the measured
apparent resistivity value [7]. In the inversion process
for resistivity studies, the logarithm of the model
response and the apparent resistivity value of the
observation data are used. In the cell-based method used
is Res2dinv. 2D data processing through Res2dinv
software using inversion modeling. The inversion in
Res2dinv is a process of modeling the actual resistivity
value based on the apparent resistivity value [18].
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F. Groundwater

Groundwater occupies rock pores below the soil
surface in the saturated zone and in sufficient quantities.
Groundwater is found in several geological types, and
one of the most important is the aquifer. Examples of
aquifer rock formations are incompressible sand, gravel,
limestone,  sandstone, dolomite, basalt flow,
metamorphic rock, and plutonic with many adhesions.
The nature of the aquifer to be able to store groundwater
is called porosity or porosity, while the property of the
aquifer to pass groundwater is called permeability. These
two properties affect the availability of groundwater in a
geological zone [1], [23].

Groundwater classification based on depth is divided
into overburden and aquifer layers. The overburden layer
is the layer above the aquifer and is deficient and does
not pass water whose resistivity ranges from <45 Q-
meter, while the aquifer is a layer of rock and water that
is permeable and has a resistivity of 45 — 350 Q-meter
[11]. The content contained in the subsurface structure is
interpreted based on color images that describe the
distribution of resistivity below the surface. The data
interpretation process is carried out by looking at the
characteristics of the resistivity values obtained from the
modeling results from the Res2Dinv software based on
the conversion table for the resistivity values of several
rock types. From the interpretation of the data, it is
obtained an alleged description of the position and depth
of the aquifer layer which is projected as groundwater.

1. Results and Discussion

The process of acquiring subsurface apparent
resistivity data is carried out at the coordinates of the
path that has been determined at the research location.
The results of resistivity measurements depicted in
geological sections (Figures 5 and 6) show the
lithological composition of the Bontorannu area, Kajang
District, Bulukumba Regency. The following is the
result of data interpretation showing the subsurface
content of the study area. The distribution of subsurface
resistivity on both paths is in the range of 1.54 to 21084
Qm which is depicted by color images in 2D cross-
section as shown in Figures 5 and 6.
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Figure 5. 2D cross section resistivity value and the depth of
track 1

The maximum depth of track 1 is 57.4 meters. From
the measurement results, the apparent resistivity range

(p) of the soil/rock layer is between 1.54 — 11223 Qm.

b. Track 2
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Figure 6. 2D cross section resistivity value and 2 track depth

Track 2 with a measuring track length of 300 meters
and a maximum depth of 57.4 meters. From the
measurement results, the apparent resistivity range (p) of
the soil/rock layer is between 4.34 — 21084 Qm.

Table 2. Interpretation of Resistivity Value

Track Soil/rock Resistivity Description
layer value
1 Layer 1 0-100 Qm Possibility of
groundwater
Layer 2 100 — 11223 Qm | Hard volcanic rock
2 Layer 1 0-100 Qm Possibility of
groundwater
Layer 2 100 — 21084 Qm | Hard volcanic rock

In general, in track 1, it can be divided into 2 (two)
parts, namely the first layer with a resistivity value
between 0 - 100 Qm (blue - light green) where
groundwater is suspected and the sandstone layer with a
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depth of 12 - 22 m. The second layer with resistivity
values of 100 — 11223 Qm (dark green — purple) is
thought to be a layer of hard Lompobattang volcanic
rock breccia at a depth of 23 - 57.4 m.

For track 2, this layer can be divided into 2 (two)
parts. The first layer with a resistivity value between 0 -
100 Qm (dark blue - light blue) is predicted to contain
groundwater and a layer of sandstone with a depth of 13
- 25 m. Meanwhile, the second layer with resistivity
values of 100 — 21084 Qm (dark green — purple) is
predicted to be a compact and hard Lompobattang
volcanic rock breccia layer at a depth of 26 - 57.4 m.

The results of the interpretation of resistivity data
from the study area indicate that it is suspected that there
is an aquifer layer containing groundwater. This aquifer
layer is found in a shallow aquifer layer located above a
depth of 50 m bmt (below ground level) [24], [25].

The aquifer layer on track 1 is at a depth of 10-20 m
below the soil surface covered by a layer of sandstone.
The aquifer layer on track 1 extends from a distance of
30 m to 280 m. While the aquifer layer on track 2 is at
the same depth as the aquifer layer on track 1, which is
at a depth of 10-20 m below the surface. Groundwater in
this aquifer can be utilized optimally as a source of
agricultural irrigation because of the shallow depth and
softer sandstone layer making it easier to explore.

Based on the geological map, the research location
includes the Walanae formation. The Bontorannu area,
Bulukumba is composed of sedimentary rock material
for the Walanae Formation (Tmpw), Lompobattang
volcanic rock, sandstone, conglomerate, tuff, siltstone,
claystone, limestone, and marl. The rocks in the Walane
Formation are mostly siliciclastic rocks in the form of
sandstone [26]. The aquifer layer on both paths includes
an unconfined aquifer layer with the top layer composed
of a layer of sandstone [27]. The interpretation of the
data on the alleged aquifer layer in the subsurface layer
of Bontorannu village is possible from the rock
properties in the Walanae Formation which show a
number of sandstone outcrops that have porosity/water-
carrying potential [28]. Based on Figures 5 and 6, the
aquifer layer is bounded by a layer of sandstone. This
rock type has good porosity and can potentially be a
reservoir rock [29].

1v. Conclusion

The results of data interpretation to predict
groundwater in Bontorannu village, Herlang sub-district,
Bulukumba district, show that on the track 1 there is a
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layer suspected of being a shallow aquifer with a depth
of 12-22 m. While on the track 2, a potential deep
aquifer layer is detected with a depth of 13-25 m.
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