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TPA Kebon Kongok is one of the Final Processing Sites in Indonesia
that uses a sanitary landfill system. The limited availability of land
and the increasing height of the waste pile that has been dumped
during the TPA operation period and the discovery of leachate puddles
at several points in the TPA area are problems that need to be
addressed immediately so as not to disturb the environmental
ecosystem and society. The purpose of this research is to determine the
depth of leachate pollution in the subsurface and map the leachate
distribution pattern around the TPA Kebon Kongok area. This
research was conducted using the resistivity geoelectric method with
a 2-D Wenner configuration in 10 lines and the Self Potential (SP)
method with an area 132,732 m? and 138 data point. Based on data
analysis, it is found that the layer indicated as leachate has a resistivity
value of 0.143-4.71 Qm. Based on the results of the SP analysis, it is
known that the accumulated leachate streams are interpreted to have
relatively lower self-potential values with anomalous values of -100
mV to -40 mV. Low potential values were found in the northwest to
southeast of the study site, while relatively high potential values were
found in the southern part of the study site. The direction of leachate
distribution in various directions is due to the fact that the study area
has different elevations and the subsurface layer is composed of layers
that easily drain liquids, which are indicated as sand layers. This
research is expected to be a consideration for the management of TPA
Kebon Kongok in taking mitigation steps from leachate pollution.

Copyright (c) 2025 by Author(s), This work is licensed under a Creative
BY _SA

Commons Attribution-ShareAlike 4.0 International License.

Introduction

Waste is one of the environmental problems that is very close to everyday life, both in
developed and developing countries. Waste is considered a complex and serious problem [1].
Waste is all the remains of human activities or activities that are no longer needed in the form
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of solids, liquids, and gases [2]. Waste management in Indonesia faces various complex
challenges, including increasing waste volumes, limited infrastructure, and low public
awareness of the importance of good waste management. Waste in developing countries,
especially in Indonesia, is collected at a disposal site called a Final Processing Site (TPA). TPA
is a place for collecting, moving or transporting, processing, and disposing of waste [3].

Lombok Island has a landfill located in Suka Makmur Village, Gerung District, West Lombok
Regency, West Nusa Tenggara Province, Kebon Kongok Landfill is one example of a landfill
that applies a sanitary landfill system. One of the problems that often occurs in landfill areas
that use a sanitary landfill system is seepage from leachate. Leachate is a highly concentrated
liquid that forms when rainwater and other liquids percolate through solid waste in landfills
and contains large amounts of organic matter, ammonia-nitrogen, toxic chemicals, and organic
and inorganic chlorinated salts, which can pose serious environmental risks if not managed
properly [4].

Leachate can seep through the soil and cause pollution of the soil and groundwater at the
landfill site. This seepage depends on the physical properties of the landfill subgrade such as
permeability, porosity and piezometric pressure. Leachate seepage through the soil occurs
slowly and if there is a watercourse under the landfill site, the leachate will contaminate the
stream with substances that are quite harmful to the environment [5]. One parameter that can
be used to determine the distribution of leachate contamination in the subsurface is the
electrical conductivity parameter [6]. This parameter is one of the indicators used to determine
the type of pollution that occurs according to the resistivity value obtained [7]. The
conductivity value is inversely proportional to the resistivity, so when the conductivity is low
(high resistivity), the solute concentration also decreases [8].

Previous research on the distribution of leachate contamination has been conducted by [9]
using the resistivity geoelectric method with a dipole-dipole configuration at TPA Kebon
Kongok, Gerung District. The results obtained from the study were that leachate
contamination was found to a depth of 13.9 meters with a resistivity value of 23.6 Qm.
However, the previous research only focused on the area around the leachate processing area,
even though TPA Kebon Kongok now has a new landfill and leachate processing site. This
study aims to determine the direction of leachate distribution in TPA Kebon Kongok, which is
thought to originate from the first landfill and the second landfill.

One geophysical method that is good enough to map subsurface conditions to determine the
distribution of leachate contamination is the resistivity geoelectric method with the Wenner
configuration and the Self Potential (SP) method. The geoelectric method aims to study the
variation of rock resistivity below the earth's surface, thus obtaining a 2-dimensional profile
of the subsurface resistivity model and is used to describe variations in the multi-layered
subsurface resistivity structure [10]. Meanwhile, the Self Potential method aims to study the
direction of distribution of leachate contamination by looking at the potential difference value
at the measurement point [11]. This research is expected to model the 2-dimensional
distribution of leachate contamination with data processing using RES2DINV Software,
because the advantages of the software can process data quickly and automatically produce a
subsurface resistivity cross section model, and it is easy to understand the results of the cross
section model [12].

Referring to the above, it is necessary to investigate the distribution of leachate seepage in the
Kebon Kongok landfill area located in West Lombok Regency. The research was conducted
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using geophysical methods, namely geoelectricity, so as to obtain the condition of the
subsurface structure of the research area in 2-D form and the distribution of anomalies.

Method

The reference study was conducted by studying previous research on leachate seepage that
had occurred. This included the location of the study, geological structures, topography, and
others. The stages carried out in this research are data acquisition, 2D modeling, and anomaly
distribution modeling,.

a. Resistivity Geoelectric Data Acquisition

The geoelectric method is one of the most widely used geophysical methods for estimating
subsurface conditions by passing an electric current into the earth through two current
electrodes and then measuring the potential difference using two other electrodes [13]. In the
case of two electric current sources, field measurements are used using two current electrodes
(Ci and ) and two potential electrodes (P: and P2) [14]. One of the uses of geoelectric
methods with two sources is to use the Wenner configuration. This configuration is often used
in geoelectric exploration with an equally spaced arrangement. The distance between the
current electrodes (Ci and () is three times the potential electrode distance, the potential
distance to the sounding point is a/2, then the distance between each current electrode and
the sounding point is 3a/2. The target depth that can be achieved in this method is a/2. The
distance between the current electrode and the potential electrode in the Wenner
Configuration is the same (C: Pi1 = C; P> = na and the distance Ci P> = C; P: = 2na) as shown
in Figure 1[15].

® 0
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Figure 1. Current and potential electrodes in the Wenner configuration [16].

The data from the resistivity geoelectric research with the Wenner configuration was entered
into Microsoft Excel, and then the average current (I) and potential difference (AV) values
were sought. After that, the geometric factor (K) is calculated using equation 1 and the
apparent resistivity value (p,) using equation 2 [17].

K= 2mna 1)

Pa = 2nna¥ 2

The data that has been processed is then inverted to display the image of the subsurface
distribution of the study area using RES2DINV software [18].

b. Self-potential Geoelectric Data Acquisition
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The self-potential (SP) method is a geophysical technique used to identify and map leachate
distribution in landfill areas by measuring the natural electrical potential difference in the soil
without injecting external current. It is one of the passive geophysical methods. It is often
applied to fluid flow mapping beneath the Earth's surface. The types of configurations used
in SP research include leap-frog and fixed-base [19].

The fixed base configuration uses a porouspot placed outside the measurement area (base)
and another porouspot moving along a predetermined measurement point (rover). The
potential difference read on the multimeter is the potential difference between the rover and
base electrodes. The advantage of this method is that the error value is small because the
measurement is carried out continuously, while the disadvantage is that it requires a very
long cable, and the measurement time is longer because you have to keep pulling the cable
and waiting for the voltage value to stabilize [20].
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Figure 2. Fixed base configuration [14].

Research data using the SP method needs to be corrected daily first using Microsoft Excel
software. This aims to get the actual anomaly value. Then, if the anomalous value has been
obtained, a distribution map is made based on the anomaly value using Surfer software [21].
The data that has been processed is then interpreted by looking at the inversion results of the
distribution of resistivity values described through dark blue to light blue color variations in
2D cross sections, which are indicated as layers that have been contaminated by leachate [22].
For the resistivity geoelectric data, qualitative analysis is carried out based on zones with high
contrast resistivity values, either very high or very low, and also quantitative analysis based
on the resistivity value shown by the processed cross section and the rock resistivity value
[23]. The rock resistivity values can be seen in Table 1.

Table 1. Rock resistivity values [24]

Materials Resistivity (Qm)
Groundwater 0.5-300

Clay 1-100

Sand 1-1,000
Aluvium 10-800
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To determine the direction of leachate distribution, the interpretation technique used was to
observe the distribution of potential difference values on the isopotential contour map and
then analyze the direction of leachate distribution. For the results of SP data processing,
qualitative analysis was carried out based on zones with potential difference values that have
low to high contrast and also quantitative analysis based on the potential difference values
shown by the contour map.

Map of Research Location : s Legend
) Landfill

Leachate Treatment Site

® line
@® RODF Processing Site
¥ SP Data Point

Figure 3. Map of the research location

The resistivity geoelectric method was carried out using 10 measurement lines around the
landfill area because there were indications of leachate seepage that could pollute the
surrounding environment. Each track has a different length, namely 115m, 92m, 69m, and
46m. The difference in the length of some of these lines is due to field conditions that do not
allow for surveying with a predetermined line, which is 115m long. The selection of different
track lengths follows the spacing of each electrode and the number of electrodes. The spacing
used on each track is 5m, 4m, 3m, and 2m, and for the SP method, using 138 measurement
points with a measurement area of 132,732 m?. The research location map can be seen in
Figure 3. The selection of lines is based on locations that have high leachate seepage potential,
such as around the landfill area, around the leachate management area, and the border
between the landfill and residential areas. The position of the lines has different directions,
because it follows the conditions in the field. Measurements were taken from areas with high
elevation values to areas with low elevation values. This was done to see how far leachate
seepage occurred, because the nature of liquid objects (leachate) is to flow from high areas to
lower areas [25]. The topographic map of the research location can be seen in Figure 4.
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Figure 4. Topographic Map of the research location

Result and Discussion

The inversion results obtained from data processing through RES2DINV software are in the
form of 2D cross sections, which are then further interpreted to determine the resistivity value
of the layer indicated as leachate in the research area. The determination of the leachate
resistivity value is based on previous research [9] and rock resistivity table [24] adjusting the
geological conditions of rocks in the research area. Based on previous research [26], it is known
that the subsurface rock lithology conditions of the research area consist of sand, silty sand,
clay, and alluvium. The following is an analysis of subsurface cross-sectional images in the
research area from the results of resistivity geoelectric data processing, which can be seen in
Figures 5 and 6.
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Figure 5. Subsurface Cross Section of Line 2
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Figure 6. Subsurface Cross Section of Line 6

Areas that have a high potential for leachate seepage are located on lines 2 and 6. This is
because the position of these lines passes through the landfill area. Line 2 is in an old landfill
that no longer functions as a landfill, while Line 6 is in a new landfill that is still functioning
today. The soil types found in both lines 2 and lines 6 are dominated by clay, silty sand, sand,
and alluvium. The soil types found in track 2 and track 6 are dominated by clay, silty sand,
sand, and alluvium. Based on the interpretation results carried out in the research area, it is
found that clay has a resistivity value between 7.47-27.9 Qm, silty sand has a resistivity value
between 4.71-7.46 Qm, sand has a resistivity value between 0.143-4.7 Qm, and alluvium has a
resistivity value between 28-220 Qm. Based on Figures 5 and 6, marked in blue is leachate,
because it has a low resistivity value between 0.143-4.71 Qm. This is corroborated by the
discovery of leachate seepage on the surface at the measurement point on both lines, which
can be seen in Figure 7. The difference in resistivity values obtained with previous research
could be influenced by the age of the landfill and the season, because the composition of
leachate undergoes significant changes due to degraded waste, and is mixed with rainwater
[27]. Leachate seepage found in line 2 during the rainy season can overflow and flood the
surrounding area. Villagers complain about this because it causes itching on the parts of the
body that are exposed to leachate. Leachate seepage in line 6 occurred after the new landfill
was built, because previously the area was a storage pond, but after the landfill was built, the
pond was polluted by leachate, so the management built a barrier wall so that the leachate
would not spread to the villagers' plantations. This condition needs to be considered by the
local government because if left without special handling, leachate pollution will become more
widespread. The results of this study provide information to the local government and the
community to find out the subsurface conditions at TPA Kebon Kongok and the distribution
of leachate, so that pollution caused by leachate seepage can be minimized.
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Figure 8. Contour Map of SP Data Processing Results

Measurement of the natural potential difference using the fixed base technique SP method,
which can be seen in Figure 8, obtained potential difference values ranging from -100 mV to
100 mV. The blue potential value distribution pattern is a small anomaly value due to the
accumulation of fluid flow or leachate, while the red potential value is a large anomaly value
and is identified as alluvium. The leachate identified in the study area has a potential
difference value of -100 mV to -40 mV. This is in accordance with the conditions in the field,
which can be seen in Figure 8, where leachate seepage is in locations marked in blue.
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Based on Figure 8, it is found that in the SP anomaly there are many small blue closures in the
first landfill area. This is due to the presence of leachate puddles on the surface during SP
measurements. This leachate puddle is found on the road that was previously used as access
to the landfill by waste transportation vehicles which can be seen in Figure 9.

Figure 9. Leachate puddle conditions when taking SP measurements

The anomaly value identified as the leachate layer has a lower potential value than the
unpolluted area and is found in areas that have low topography. This is due to the
gravitational force, so that the fluid flow will flows from higher to lower places [28]. This
pattern suggests that the leachate follows the natural slope of the subsurface layer, which may
act as a leachate migration pathway [29]. Blue to purple anomalous distribution patterns with
values of -40 mV to -100 mV indicate low potential values due to the accumulation of fluid
flow or leachate in the subsurface. Meanwhile, anomaly distribution patterns that show green
to red with values of -30 mV to 100 mV are anomaly values that have not been polluted by
leachate. Based on the distribution of natural potential values, leachate accumulation is
interpreted to have low potential values in the northwest to southeast of the study site, while
relatively high potential values are in the southern part of the study site. This is because the
northwest-to-southeast part is close to the waste pile from the first landfill.

Conclusion

Based on the results of data interpretation, it is found that the layer indicated as leachate has
a resistivity value of 0.026-6.17 Qm. The accumulated leachate flow is interpreted to have
relatively lower self-potential values with anomalous values of -100 mV to -40 mV. Low
potential values were found in the northwest to southeast of the study site, while relatively
high potential values were found in the southern part of the study site. The direction of
leachate distribution in various directions is due to the fact that the study area has different
heights and the subsurface layer is composed of a layer that easily drains liquid, which is
indicated as a sand layer. Further research needs to be conducted on soil sampling for
laboratory tests in areas where leachate seepage is indicated.

594



Indonesian Physical Review. 8(2): 586-596

Acknowledgment

The author would like to thank the manager of TPA Kebon Kongok for giving permission and
facilities during the research.

References

[1]

2]

[16]
[17]

R. F. Fitri, N. U. Ati, and S. Suyeno, “Implementasi Kebijakan Pemerintah dalam Inovasi
Pengelolaan Sampah Terpadu (Studi Kasus di Taman Tempat Pembuangan Akhir (TPA)
Randegan Kota Mojokerto),” Respon Publik, vol. 13, no. 4, pp. 12-18, 2019.

K. Fatmawati, E. Sabna, Y. Irawan, T. Informatika, and S. Hang Tuah Pekanbaru,
“Rancang bangun tempat sampah pintar menggunakan sensor jarak berbasis
mikrokontroler Arduino,” Riau Journal Of Computer Science, vol. 6, no. 2, pp. 124-134,
2020.

P. Verawati, “Kebijakan Extended Producer Responsibility Dalam Penanganan Masalah
Sampah di Indonesia Menuju Masyarakat Zero Waste. 9 (1),” JUSTITIA: Jurnal Ilmu
Hukum Dan Humaniora, vol. 9, no. 1, pp. 189-197, 2022.

S.-H. Deng et al., “Chapter 5 - Treatment of landfill leachate,” R. Frazer-Williams, M. B.
Ogundiran, and E. I. B. T.-E. P. and P. H. Unuabonah, Eds., Elsevier, pp. 107-152, 2024.

A. W. Handoko, D. Darsono, and D. Darmanto, “Aplikasi Metode Self Potential untuk
Pemetaan Sebaran Lindi di Wilayah Tempat Pembuangan Akhir (TPA) Putri Cempo
Surakarta,” Indonesian Journal of Applied Physics, vol. 6, no. 01, pp. 13-22, 2016.

R. N. Sari and A. Afdal, “Karakteristik air lindi (leachate) di tempat pembuangan akhir
sampah air dingin Kota Padang,” Jurnal Fisika Unand, vol. 6, no. 1, pp. 93-99, 2017.

O. O. Afolabi et al., “Potential environmental pollution and human health risk assessment
due to leachate contamination of groundwater from anthropogenic impacted site,”
Environmental Challenges, vol. 9, p. 100627, 2022.

M. B. Heaney, “Electrical conductivity and resistivity,” Electrical measurement, signal
processing, and displays, vol. 7, no. 1, 2003.

A.T. Alaydrus, S. Minardi, and T. Ardianto, “Pemetaan Pencemaran Lindi Menggunakan
Metode Geolistrik 3 Dimensi,” Lensa: Jurnal Kependidikan Fisika, vol. 2, no. 1, p. 154, 2014.

M. Syukri, Pengantar Geofisika. Syiah Kuala University Press, 2020.

Y. Guo et al., “Seepage detection in earth-filled dam from self-potential and electrical
resistivity tomography,” Eng Geol, vol. 306, p. 106750, 2022.

M. Syukri, Dasar-Dasar Metode Geolistrik. Syiah Kuala University Press, 2020.

L. W. Santosan and T. N. Adji, Karakteristik Akuifer dan Potensi Airtanah Graben Bantul.
UGM PRESS, 2018.

W. Lowrie and A. Fichtner, Fundamentals of geophysics. Cambridge university press, 2020.

A. Susilo et al., Teori dan Aplikasi Metode Geolistrik Resistivitas. Universitas Brawijaya Press,
2022.

M. H. Loke, “Tutorial: 2-D and 3-D electrical imaging surveys,” 2004.
S. Vebrianto, Eksplorasi Metode Geolistrik. Universitas Brawijaya Press, 2016.

595



P-ISSN: 2615-1278, E-ISSN: 2614-7904

[18]

[21]

[22]

H. Pazha, M. Nasro, and R. D. Agustina, “Analysis of Rock Structures Based on
Geoelectrical Resistivity Data of Wenner-Alpha Configuration Using Marquardt’s
Inversion Method,” in Journal of Physics: Conference Series, IOP Publishing, p. 012014, 2019.

A. Biswas, Self-potential method: theoretical modeling and applications in geosciences, vol. 1.
Springer, 2021.

A. Revil, K. Titov, C. Doussan, and V. Lapenna, “Applications of the self-potential
method to hydrological problems,” in Applied hydrogeophysics, Springer, pp. 255-292,
2006.

I. G. Roy, “Self-potential: A low-cost geophysical method in investigating groundwater
and contaminant plume,” in Innovative exploration methods for minerals, oil, gas, and
grounduwater for sustainable development, Elsevier, pp. 193-211, 2022.

A. Revil, K. Titov, C. Doussan, and V. Lapenna, “Applications of the self-potential
method to hydrological problems,” in Applied hydrogeophysics, Springer, pp. 255-292,
2006.

I. Oliveti and E. Cardarelli, “Self-potential data inversion for environmental and
hydrogeological investigations,” Pure Appl Geophys, vol. 176, no. 8, pp. 3607-3628, 2019.

W. M. Telford, L. P. Geldart, and R. E. Sheriff, Applied geophysics. Cambridge university
press, 1990.

M. Arséne, B. W. Wassouo Elvis, G. Daniel, N.-M. Théophile, K. Kelian, and N. J. Daniel,
“Hydrogeophysical Investigation for Groundwater Resources from Electrical Resistivity
Tomography and Self-Potential Data in the Méiganga Area, Adamawa, Cameroon,”
International Journal of Geophysics, vol. 2018, no. 1, p. 2697585, 2018.

D. Hermansyah, B. Sukrisna, and S. Minardi, “Identifikasi Patahan di Desa Taman Ayu
Kecamatan Gerung Kabupaten Lombok Barat Menggunakan Metode Geomagnet,” JGE
(Jurnal Geofisika Eksplorasi), vol. 6, no. 2, pp. 145-155, 2020.

B. Bhalla, M. S. Saini, and M. K. Jha, “Effect of age and seasonal variations on leachate
characteristics of municipal solid waste landfill,” Int | Res Eng Technol, vol. 2, no. 8, pp.
223-232, 2013.

K. Kaharudin, Y. Arman, and M. Muhardi, “Application of Self-Potential Method in
Mapping Leachate Flow Around Rasau Jaya Landfills, Kubu Raya Regency: Penerapan
Metode Potensial Diri (Self Potential) dalam Memetakan Aliran Lindi di Sekitar TPA
Rasau Jaya Kabupaten Kubu Raya,” Jurnal Geocelebes, pp. 8-16, 2023.

I. N. Prasetya, Y. S. Putra, M. Muhardi, M. Muliadi, and R. Perdhana, “Interpretasi
Sebaran Lindi di Sekitar TPA Salatiga Kabupaten Sambas Menggunakan Metode Self-
Potential,” Jurnal Fisika Unand, vol. 11, no. 4, pp. 523-530, 2022.

596



