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Abstract

Groundwater can be used as a form of fulfilling needs, such as making wells for shallow
groundwater (surface water) anddeep groundwater (aquifers). This study aims to determine the
subsurface resistivity of the study area by calculating and modeling the results of geoelectrical
measurements as well as information on the groundwater-bearing rock layers. Geoelectric
measurements use the "Schlumberger" method then the data is processed by the "Res2DinV"
program. Measurement points were in 3 places in the Tamanalrea area of Makassar City. The
results found 6 subsurface layers, namely soil layers, tuff as shallow aquifers (freshwater), tuff as
shallow aquifers (brackish), tuff as shallow aquifers (freshwater), hard volcanic breccias
(massive), tuff as aquifers (freshwater) with prospects for exploited. The lithology is dominated
by volcanic rocks consisting of water-saturated tuff rocks characterized by low resistivity values
and volcanic breccia rocks have undergone weathering and massive conditions with high

Schlumberger resistivity values.

*) e-mail: ratna7geologi@gmail.com

1. INTRODUCTION

Groundwater resources play a very important role as an
alternative source of raw water to meet the needs of various
needs and needs for clean water. Current occupancy rates tend
to continue to increase from time to time in line with
population growth and development in all regions.

Data collection/mapping needs to be done to meet raw
water needs for the entire development in the Tamalanrea area,
Makassar city, South Sulawesi. Distribution of subsurface
water retaining layers (aquifers) in rocks which can provide an
overview of subsurface water conditions, by measuring
geoelectric resistivity, it is possible to estimate the distribution
of rock formations (aquifers) containing groundwater [1] [2].
Groundwater can be used for various purposes, such as making
wells for shallow groundwater (surface water) and deep
groundwater (aquifers). Groundwater exploration wells can
fail, this means that resources are used inefficiently because
groundwater is not found at the required discharge or none at
all. For this reason, before carrying out groundwater
reconnaissance drilling, a survey or subsurface survey should
be carried out in advance to predict the presence or absence of
aquifers, the depth of the aquifers, and the locations of the most
potential drilling points in the study area.

One of the geophysical methods that can be used to
estimate the presence of deep groundwater aquifers is the
resistivity geoelectric method. This method is one of the
geophysical methods that can provide an overview of the
composition and depth of rock layers, by measuring the
electrical properties of the rock [3]. Furthermore, Loke [4]
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revealed that geoelectric surveys with resistivity mapping and
sounding methods vyielded information on changes in
resistivity price variations, both in the lateral and vertical
directions. The resistivity geoelectrical method, or better
known as the resistivity method, is one of the geophysical
methods commonly used to map subsurface resistivity [5]. One
of the geophysical techniques that can be used to estimate the
presence of deep aquifers is the resistivity geoelectric method.
This method is a geophysical technique that can provide an
overview of the composition and depth of rock formations by
measuring the electrical properties of the rock, that
geoelectrical surveys using resistivity and mapping methods
sounding provide information about the inconsistent resistivity
values both laterally and vertically. Geoelectrical resistivity or
better known as resistivity is a geophysical technique
commonly used for subsurface resistivity mapping [6].

This method is relevant to use in the presence of
groundwater saturation. This is possible because layers of soil
or rock filled with water conduct or conduct electricity very
well. The conductive soil layer [7] tends to have a certain
resistivity (low value). By showing--subsurface resistivity
section, can estimate the water-saturated layers of soil and
rock. This is very useful for predicting the location and depth
of aquifers.

There are 3 (three) points then the objectives to be achieved
through subsurface survey research using the geoelectrical
resistivity method are (1) Determine the subsurface resistivity
of the study area by calculating and modeling the results of
geoelectrical measurements at each research location, (2)
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Providing information groundwater drilling points and drilling
depths based on the results of Geoelectrical Resistivity
Measurement Method with the "Schlumberger” measurement
method which will be processed in the form of a one-
dimensional cross-section based on the program using the
"Res2Dinv" software, and (3) Determination of drilling
recommendation points (exploitable) in groundwater-bearing
rock layers.

2. METHODS

Implementation Geoelectric measurements in this area are
carried out starting with survey initial as a step to determine
the location of geoelectrical measurements based on
topography/morphology, geology, and vegetation conditions.
Collect digitized data on location maps and conditions of
settlements, roads and other related access to smooth surveys
and data collection processes in the field (geoelectric
resistivity measurements) as well as other supporting data.
The equipment used during measurement and data
collection in the field is a resistivity meter unit Geores Single
Chanel, Global Positioning System Map (GPS Map) Garmin
76 CSX, Brunton Compass, Geological Hammer, and Digital

Photo Camera. Geoelectric measurements use the
Schlumberger method of electrode arrangement and extend the
AB/2 cable up to 400 meters. This method for the MN
potential electrode is placed at a certain distance, while the AB
current electrode is always moved according to the chosen
distance (according to the measurement table). The placement
of the MN potential electrode path and the AB current
electrode take precedence with the condition that the MN/2
distance is 1/5 of the AB/2 distance. Since the current electrode
strain is constantly changing from measurement to
measurement, the apparent resistivity value is based on the
equation [8]:

pa=K V/Idan K =n/4a (L2 —a2)

where pa = apparent resistivity (I/m); V = potential difference
(Volts); | = difference in current used (Amperes); a= MN
stretch (m); L = AB stretch distance (m); K = geometric
coefficient.

Transmitting and receiving equipment used for geoelectric
measurements in this area is Resistivitymeter type Naniura
NRD 22 S (Figure 1).
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Figure 1. Representation of the electrode arrangement of the Schlumberger method for measuring geoelectricresistivity [9]

Data processing based on the results of field measurements
includes calculating resistivity values, and modeling
subsurface cross-sections of measurement paths for each
location in the area survey. Consecutively — also processed as
follows:

a. The data obtained from the measurements are available in
the form of current values (I) and potential differences (V)
at each measurement point.

Apparent resistivity is calculated from the measurement
configuration factor and compared with the measured
potential difference (V) and current (1).

The calculated apparent resistivity value is plotted in the
form of a measurement graph (log-log) for each
measurement point and carried out smoothing to get the
apparent resistivity value at each measurement point
location.

Apparent resistivity values are mapped to apparent depth
(half the cable run length, AB/2) and then contoured to find
apparent resistivity versus apparent depth for each
measurement path (Figure 2).
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d. The apparent resistivity section above is used to interpolate
the ideal apparent resistivity data, assuming that the
subsurface is connected between measurement points.
The results of the interpolation are used as input data for
computer modeling of the subsurface resistivity layer.
Subsurface resistivity modeling was carried out using the
inverse of the difference method, so that cross sections of
the resistivity stratification model of subsurface soil/rock
formations were obtained for each track.

This section is interpreted to predict the water saturation
status of each layer to provide an overview of subsurface
groundwater conditions along the measurement path.

3. RESULTS AND DISCUSSION

The geology of the study area includes sheet geology of Ujung
Pandang, Benteng and Sinjai, Sulawesi [11], composed of
pyroclastic rocks of the Tersier Miocene of Camba Formation
(Tmev), which regionally consist of volcanic breccias,
conglomerate lava and fine-grained tuff to interbedded lapilli,
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marine sedimentary rocks in the form of new tuffaceous sand,
calcareous sandstone and claystone containing plant remains
[12]. The lower part contains more volcanic breccia than lava
which is composed of andesite and basalt tires; conglomerates
also consist of andesite and basalt with a size of 3 - 50 cm; well
layered tuff, consisting of lithic tuff, crystal tuff and vitric tuff.
The upper part contains a trachitic ignimbrite and leucite
tephrite; ignimbrite has a columnar joint structure, brownish
gray and dark brown in color, leucite tephrite has a flow
structure with a bread crusted surface, black in color. The
Tersier Miocene Camba Vulcanic unit includes those mapped
by van Leeuwen [13] as Sopo Volcano Rock, Pamusureng
Volcano Rock and Baruan Lemo Volcano. The volcanic
breccias exposed on Selayar Island may include this
formation; the breccias are very compact, partially flaky;
consisting of basal amphibole, basal pyroxene and andesite
(0.5 - 30 cm), with a tufa base mass containing biotite and
pyroxene [14].

This unit has a thickness of about 2,500 m and is volcanic
facies of the developed Camba Formation in the area to the

north of the Pangkajene Sheet and the Western Part of
Watampone; the seams are mostly weakly folded, with a slope
of less than 200; unconformably superimposed on limestone
of the Tersier Eocene Tonasa Formation (Temt) and older
rocks.

Data recording activities using the geoelectric method were
then carried out at 3 (three) points, namely points GL.01,
GL.02, and GL.03, as a comparison to determine which points
would be recommended to be exploited later. Recording was
carried out to obtain the apparent resistivity value (p) of the
soil/rock layer at the greatest depth of 150 m. The apparent
resistivity value indicates the type of lithology and indicates
the presence of a water-carrying layer beneath the surface [15].
The values obtained from the measurement results at points
GL.01, GL.02, and GL.03, successively the apparent
resistivity range (p) of the soil/rock layers is between 1.5 —
50.9 ('m, 3.4 — 556.9 [Im, and 4.5 — 2124.5 [Im. It can be
generally divided into 6 (six) layers as shown in Table 1.
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Figure 2. Map of observation point to the subsurface rock [10]

The range of measurement results GI.01 (Table 1), the
cross section of the inversion and vertical resistivity results of
measurement points at this location can be seen in Figure 3.
The apparent resistivity range (p) of the soil/rock layer is
between 1.4 — 50.9 ['m, generally divided into the first layer
with a resistivity value between 17.2 — 19.4 "Im, which is soil
of volcanic weathered (surface layer), soft hardness, 5m
thickness and 0-5m depth. The second layer has a resistivity
value of 19.4-45.8 [Im, which is a tuff layer estimated to be a
potential shallow groundwater aquifer, with fresh water
conditions but influenced by the season. This layer has
sufficient freshwater discharge, 5-20 m deep and 15 m thick.
The third layer with a resistivity value of 45.8-50.9 ['m is a
volcanic breccia.
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The layer is a massive layer, the hardness of the layer is
medium-hard, the depth is 20-30 meter, with a thickness of
10 meters. The fourth layer has a resistivity value of 5.3 — 48.2
[Jm, which is a tufa layer which is thought to be potential deep
groundwater aquifer layer with fresh water conditions. The
layer has a large enough water discharge with fresh water
conditions so it can be recommended for exploitation,
thickness up to 20 meters and depth between 30 - 50 meter.
The fifth layer has a resistivity value of 1.4 -5.3 [Im, which is
interpreted as a tuff layer presumably a deep groundwater
aquifer layer with brackish water conditions. The layer is
considered not potential to be exploited, up to 45 meters thick
and between 50 - 95 meter deep. The sixth layer has a
resistivity value of 4.9 — 15.8 ['m, interpreted as a tufa layer
as a potential deep groundwater aquifer. between 95 - 150



Husain et al/Gravitasi 22 (1) (© 2023)

meter. The groundwater layer as an aquifer can be utilized and
exploited for use as subsurface groundwater (Table 2), the
brackish water layer should not be exploited.

Table 1. Measurement result data

Interpretation Results

Guess Lithology Rock Condition
Point Layers . Resistivity Value
Depth (m) Thick(m) @m)
1 0-5 5 17,2-19,4 Soil Dry
2 5-20 15 19,4-45.8 Tufa Aquifer (Freshwater)
3 20-30 10 45,8 -50,9 Volcanic Breccia Aquiclude
GL.01 4 30-50 20 5,3-48,2 Tufa Aquifer (Freshwater)
5 50-95 45 14-53 Tufa Aquifer (Brackish Water)
6 95-150 55 49-158 Tufa Aquifer (Freshwater)
1 0-5 5 13,4157 Soil Dry
2 5-20 15 42-134 Tufa Aquifer (Freshwater)
3 20-30 10 34-43 Tufa Aquifer (Brackish Water)
GL.02 4 30-55 25 43-179,8 Tufa Aquifer (Freshwater
5 55-110 45 158,4 — 556,9 Volcanic Breccia Aquiclude
6 110-150 40 4,5-1584 Tufa Aquifer (Freshwater)
1 0-5 5 12,8-13,3 Soil Dry
2 5-20 15 45-128 Tufa Aquifer (Freshwater)
3 20-30 10 45-128 Tufa Aquifer (Brackish Water)
GL.03 4 30-50 20 5,3-48,2 Tufa Aquifer (Freshwater)
5 50-125 75 139,5-21245 Volcanic Breccia Aquiclude
6 125-150 55 49-158 Tufa Aquifer (Freshwater)
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Figure 3. Geoelectrical inversion cross section of GL.01

Table 2. Drill point recommendations
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INTERPRETATION OF GEOELECTRIC RESULTS
Layers Lithology } Thick Depth Resistivity
(m) (m) (Obhm.m)

Soil / volcanic layer (surface layer)

- Soft hardness 5 0-5 17.2-19,4
Tulua ( shallow/Tresh aquifer ) - 5

- Soft hardness - medium 15 5-20 194-458
Volcanic breccia {(massive layer) . 5

- Medium hardness 10 20 -30 458 -50,9
Tufa (shallow/fresh aquifer) ~ B

- Soft hardness - medium 20 30-50 53-18,2
Tuta (shallow/brackish aguifer)

EI Soft hardness- medium 45 50 -95 14-53
Tuta (deep/tresh aquiter) | 55 95 - 150 49-158
Soft hardness- medium ‘ S g

The range of measurement results GIl.02, the apparent
resistivity () of the soil/rock layer is between 3.4 -556.9 [Im
(Tablel) T The cross section of the inversion and vertical
resistivity results of measurement points at this location can be
seen in Figure 4. From the results of field data processing, the
pseudo-resistivity range of the soil / rock layer is between 3.4

- 556.9 TIm and in general it is divided into 6 (six) parts,
namely the first layer with resistivity values between 13.4 -
15.7 [Om, which is soil / volcanic weathering (surface layer),
soft hardness, thickness up to 5 meters and depth between 0 -
5m.
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Figure 4. Geoelectrical inversion cross section of GL.02

The second layer has a resistivity value of 4.2 — 13.4 [Im,
which is interpreted as a tuff layer suspected of being a shallow
groundwater aquifer layer with potential fresh water
conditions but influenced by the season. The layer has
sufficient water discharge with fresh water conditions,
thickness of up to 15 meters and a depth of between 5 - 20 m.
The third layer has a resistivity value of 3.4 — 4.3 ['m, which
is interpreted as a layer tuff are thought to be shallow
groundwater aquifer layers with brackish water conditions.
The layer is not recommended for exploitation, up to 10 meters
thick and between 20 - 30 m deep. The fourth layer resistivity
value of 4.3 —179.8 [Im, which is a tuff layer suspected to be
a shallow groundwater aquifer layer that has potential with
freshwater conditions but is influenced by the season. The
layer has sufficient water discharge with freshwater conditions

s0. Thickness up to 25 meters (depth between 30 - 55 m). The
fifth layer resistivity value of 158.4 - 556.9 [Im is a volcanic
breccia layer, the layer is a massive layer, medium - hard layer
hardness, thickness up to 55 meters and depth between 55 -
110 m. The sixth layer has a resistivity value of 4.5 — 158.4
[Jm, interpreted tufa layer as a potential deep groundwater
aquifer with fresh water conditions. The layer has a fairly large
water discharge with fresh water conditions so it can utiliz
and exploited, thickness up to 40 meters and depth between
110 - 150 m.

The groundwater layer as an aquifer can be utilized and
exploited for use as subsurface groundwater (Table 3), the
brackish water layer should not be exploited.

Table 3. Interpretation of resistivity values
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INTERPRETATION OF GEOELECTRIC RESULTS
Tayers Lithology Thick Depth Resistivity
(m) (m) (Ohm.m)
Soil / voleanic layer (surface layer) -
- Soft hardness 5 0-5 13,4-157
Tufa ( shallow:fresh aquifer ) -2 2
- Soft hardness - medium 1 5-20 42-134
E Tufa (shallow/brackish aquifer) 10 20-30 34-43
Solt hardness- medium A A
Tufa ( shallowsfresh aquifer ) - . =
- Soft hardness - medium . 20=85 43104
- Volcanic breccia (massive layer) 55 55-110 | 1584- 556.9
Medium hardness d g
- Tulia {deepifresh aquiter) 40 110 - 150 4,5-158
Soft hardness- medium

The range of measurement results GI.03, the apparent
resistivity (C]) of the soil/rock layer is between 4.5 — 2124.5
CIm (Table 4)[] The cross-section of the inversion and vertical
resistivity of the measurement point at this location can be seen
in (Figure 5). From the results of field data processing, the
apparent resistivity range of the soil/ the rock layer is obtained
between 4.5 - 2124.5 [Im and is generally divided into 6 (Six)
parts, namely the first layer with resistivity values between
12.8 - 13.3 meter, which is volcanic soil / weathering (surface
layer), soft hardness, thickness up to 5 meters and depth
between 0 - 5 meter. The second layer resistivity value of 4.5
— 12.8 [Im is a tuff layer suspected to be a shallow
groundwater aquifer layer that has potential with freshwater
conditions but is influenced by seasons. The layer has
sufficient water discharge with freshwater conditions so,
thickness up to 15 meters, depth between 5 - 20 meter.

The third layer resistivity value of 4.5 - 12.8 [Im, which is
a tuff layer suspected to be a shallow groundwater aquifer

layer with brackish water conditions. The layer must be
covered (grouting cement). Thickness up to 10 meters (depth
between 20 - 30 m). The fourth layer resistivity value of 6.1 —
139.5 [Im is a tuff layer suspected to be a shallow groundwater
aquifer layer that has potential with freshwater conditions but
is influenced by seasons.

The layer has sufficient water discharge with freshwater
conditions so, thickness up to 20 meters and depth between 30
- 50 m. The fifth layer resistivity value of 139.5 - 2124.5(7111m
isavolcanic breccia layer, the layer is a massive layer, medium
- hard layer hardness, thickness up to 70 meters and depth
between 50 - 125 m. The sixth layer resistivity value of 4.8 —
143.4 [1m is a tuff layer suspected to be a deep groundwater
aquifer layer with potential freshwater conditions. The layer
has a large enough water discharge with freshwater conditions,
so that it can be recommended for exploitation, thickness up to
25 m and depth between 125 - 150 m.
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Figure 5. Geoelectrical inversion cross section of GL.03

Table 4. Interpretation of resistivity values
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INTERPRETATION OF GEOELECTRIC RESULTS

Layers Lithology Thick Depth Resistivity
(m) (m) (Ohm.m)

Soil / voleanic layer (surface layer) 5 0-5% 128-13.3
Sofl hardness a : * Ea
Tula ( shallow/fresh aquifer )

- Soft harduess - medium 15 5-20 45-12.8
Tufa (shallow/brackish aquifer) -30 =

[Z] Soft hardness- medium L 208 42=62
Tufa ( shallow/fresh aquifer ) - g

B 20 30-50 6,1-139,5
Volcanic breccia (massive layer)

- Medium hardness 75 50-125 139,5-2124,5

- Tufa (deep/fresh aquiter) 25 125-150 4,8 - 143,4
Soft hardness- medium

4. CONCLUSION

From the analysis that has been done, several conclusions can

be drawn, including:

1. The results of the analysis of geoelectrical interpretation at
3 (three) investigation points can be made of 6 (six)
subsurface layers, namely soil/volcanic weathering, tuff
layers as shallow aquifers (freshwater), shallow aquifer
tuff layers (brackish), shallow aquifer tuffs (freshwater),
volcanic breccia layer as a hard layer (massive), tuff layers
of deep aquifers that have prospects for exploitation
(freshwater).

2. The lithological composition is generally volcanic rock in
the form of water-saturated tuff, showing low resistivity
values and weathered volcanic breccias in a compact
(massive) state, with large resistivity values.

3. The recommended aquifer layer in the groundwater-
carrying rock layer has the smallest resistivity value
(aquifer) and the layer has the greatest thickness.

ACKNOWLEDGMENT

Thanks to all members of the research team, who have helped
in the settlement of administration and retrieval field data, and
the tools to facilitate data collection and contribute ideas and
all personnel who helped in the success of this research.

4



Husain et al/Gravitasi 22 (1) (© 2023)

REFERENCES

(1]

(2]

(3]

[4]

5]

(6]

Halik, Gusfan, Jojok Widodo S., "Pendugaan Potensi Air Tanah
dengan Metode Geolistrik Konfigurasi Schlumberger di
Kampus Tegal Boto Universitas Jember”, Laboratorium
Hidroteknik Fakultas Teknik Jurusan Sipil Unej, 2008

Wijaya, Andrias Sanggra, Aplikasi Metode Geolistrik
Resistivitas Konfigurasi Wenner Untuk Menentukan Struktur
Tanah di Halaman Belakang SCC ITS Surabaya, Jurnal Fisika
Indonesia, Institut Teknologi Sepuluh Nopember, 2015
Sedana Dewi, As’ari, Adey Tanauma, "Pemetaan Akuifer Air
Tanah di Jalan Ringroad Kelurahan Malendeng dengan
Menggunakan Metode Geolistrik Tahanan Jenis" Jurnal IImiah
Sains, Universitas Sam Ratulangi Manado, 2015 [Online],
Auvailable: https://doi.org/10.35799/jis.15.1.2015.6778

Loke, M.H., “Electrical Imaging survey for environmental
and engineering studies, A practical guide to 2-D and 3-D
surveys”, Cangkat Minden Lorong 6, Minden Heights, 11700
Penang, Malaysia, 1999.

Fitrianto T. N., Supryadi, Ulil Albab Taufig, Teguh Maulana
Mukromin, Anggit Pranatya Wardana, "ldentification of
Groundwater Potential Using the Schlumberger Configuration
Resistivity Geoelectric Method in Bapangsari Village,
Bagelen District, Purworejo Regency", Journal of Physics
FLUX, 2018, [Online]P.100-104, Available:
https://www.researchgate.net/publication/332403730 _Identifik
asi_Potensi_Air_Tanah Menggunakan Metode Geolistrik_R
esistivitas_Konfigurasi_Schlumberger_di_Kelurahan_Bapang
sari_Kecamatan_Bagelen_Kabupaten_Purworejo/fulltext/5cbf
0db2a6fdcc1d49a90e52/Identifikasi-Potensi-Air-Tanah-
Menggunakan-Metode-Geolistrik-Resistivitas-Konfigurasi-
Schlumberger-di-Kelurahan Bapangsari-Kecamatan-Bagelen-
Kabupaten-Purworejo.pdf

Musa M. D. T. dan Murniasih S., "Identifikasi Lapisan
Akuifer di Kelurahan Petobo Kota Palu Menggunakan Metode
Geolistrik Hambatan Jenis" Gravitasi Vol. 20 No. 2 p. 34-41,

42

[7]

(8]
(9]

[10]

[11]

(12]

[13]

(14]

[15]

2021 [Online], Available:
https://bestjournal.untad.ac.id/index.php/GravitasiFisika
Emmawan Haryono, “Analisis dan Interpretasi Data Geolistrik
untuk Airtanah, Pelatihan Teknologi Geolistrik2 Dimensi untuk
Perencanaan Pemanfaatan Potensi Airtanah”, Kementerian
Pekerjaan Umum dan Perumahan Rakyat, Pusat Pendidikan dan
Pelatihan Sumber Daya Air dan Konstruksi, 2021, [online],
Auvailable:https://simantu.pu.go.id/epel/edok/11725 6. Analis
is_dan_Interpretasi_Data_Geolistrik_untuk_Airtanah.pdf
Telford, W.M., Geldart., L.P, R.E., and Keys,.DA., Applied
Geophysics, 2" ed, Cambridge University Press,1990,

Todd. K., Groundwater Hydrology, 2nd edition. New York,
Chichester, Brisbane, Toronto: John Wiley, 1980, ISBN 0471
87616 X. - Volume 118 Issue 4 - JW.L.,

Sukamto, Rab, “Peta Geologi Indonesia, Lembar
Ujungpandang  VIII  Direktorat Geologi Departemen
Pertambangan Republik Indonesia”, bekerja sama dengan U.S.
Geological Survey — USAID (Biro America Serikat untuk
Pengembangan International, Bandung, Indonesia, 1975

Rab. Sukamto and Supriatna S., “Peta Geologi Lembar Lembar
Ujungpandang, Benteng dan Sinjai”, Pusat Penelitian dan
Pengembangan Geologi, Direktorat Pertambangan Umum
Departemen Pertambangan dan Energi, Bandung, 1982.

Boggs JR., Principles of Sedimentology and Stratigraphy,
Second Edition, Prentice-River, New Yersey, 1995.

Van Leeuwen, T.M., “The Geology of Southwest Sulawesi with
special to Biru area”, In A.J. Barber & S. Wiryosayono (eds),
The Geology and Tectonics of Eastern Indonesia, GRDC
Bandung, 1978, Spec. Publ.2, p.277-304

Fisher R.V., “Proposed Classification of Volcaniclastic
Sediment and Rocks”; Geologycal Society of America Bulletin,
V.72, 1961, p.1409-1414

Krisnasiwi, I. F., "Estimation of Groundwater Potential Using
Geolistric Methods In Tanah Righu District, West Sumba
Regency Province Of East Nusa Tenggara", scientific journals
Teknologi FST Undana, 2021



https://doi.org/10.35799/jis.15.1.2015.6778
http://www.researchgate.net/publication/332403730_Identifikasi_Potensi_Air_Tanah_Menggunakan_Meto
http://www.researchgate.net/publication/332403730_Identifikasi_Potensi_Air_Tanah_Menggunakan_Meto
https://bestjournal.untad.ac.id/index.php/GravitasiFisika

