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In desert regions like Saudi Arabia, groundwater exploration is critical for drinking, household, and agri-
cultural purposes. The purpose of this study is to use Vertical Electric Sounding (VES) to assign near-
surface groundwater sources in the Wadi Nisah area of central Saudi Arabia. Twenty VES stations were
installed in the central part of Wadi Nisah, with a maximum half current electrode separation (AB/2)
of 100 m, utilizing a Syscal R2 resistivity-meter with Schlumberger electrode design. The interpretation
of these VES’s revealed five geoelectric layers, the first of which is formed of dry sand with greater resis-
tivity values and has a depth of around 3 m. The groundwater-bearing aquifer is represented by the fifth
layer, which is the deepest, with depths ranging from 37.8 to 52.25 m below the surface and resistivities
ranging from 47 O-m to 115.3 O-m. Six geoelectrical cross-sections were also mapped to show the lateral
and vertical heterogeneities of the underlying lithology in the study area. These findings suggest that the
groundwater bearing layer is a hydrologically promising zone capable of delivering optimal groundwater
yield for drinking and agricultural use in the study area; the VES technique is a useful tool for identifying
groundwater prospective zones.
� 2022 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
1. Introduction

In Saudi Arabia, groundwater aquifers are the primary source of
water. These aquifers run alongside important wadies in the
Riyadh region, including Wadi Nisah, where around 14 * 106 m3

of water potentiality is stored (Abdulrazzak, 1976). Wadi Nisah’s
significance is due to its ability to provide water to the Riyadh
region for many years. Wadi Nisah is located about 40 km south
of Riyadh city (Fig. 1) and is the area’s longest drainage wadi,
stretching 75 km in a nearly east–west direction with an average
width of 2.5 km. According to Denis et al. (1991), the drainage pat-
tern, particularly Wadi Nisah, has a significant impact on ground-
water occurrences in the area. Wadi Nisah receives a significant
amount of annual rainfall, which results in fertile soil that is suited
for agricultural development.
Since 1963, groundwater in Wadi Nisah has been used, and the
quality of the water is regarded as outstanding, with total dis-
solved solids ranging from 404 to 456 parts per million
(Abdulrazzak, 1976). The gravels of the wadi channels are the only
source of groundwater in the shallow zone. Precipitation is respon-
sible for recharging groundwater in near-surface sediments.
According to Sogreah (1967), the annual recharge is between 1.5
and 3.5 million cubic meters. The gravel groundwater-bearing
aquifer runs from the current wadi channel’s ground surface to
the solid limestone bed. The thickness of the gravel aquifer deter-
mines how much groundwater is stored. Due to a difference in ele-
vation, groundwater contained in the gravel travels downstream
through the gravel and may also escape into the limestone fissures
in the wadi beds. According to Abdulrazzak (1976), the average
yearly infiltration is 7.15 million cubic meters (5800 acre-feet).

One of the geoelectrical procedures is the vertical electrical
sounding (VES), which is used to establish a one-dimensional resis-
tivity distribution in vertical profiling. VES has been certified for
use in hydrogeological research around the world (for example;
Suryadi et al., 2018; Asry et al., 2012; Azhar et al., 2016; Hamzah
et al., 2008, 2007; Bashir et al., 2014; Manu et al., 2019; Octova
et al., 2019; Gisland et al., 2017). Some hydrogeological and hydro-
chemical research has been carried out in Saudi Arabia (Hafiz et al.,
2013; Aboud et al., 2014; Alhenaki and Alsoma, 2015; Al Rajeh
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Fig. 1. The study area’s location map.
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et al., 2017; Alharbi, 2018; Musaed et al., 2020). The main goal of
this study is to determine the groundwater potentiality of near-
surface alluvial deposits in the Wadi Nisah area using ground elec-
trical resistivity measurements.
2. Geological setting of the study area

The Phanerozoic succession, which sits on the Proterozoic base-
ment, underpins Wadi Nisah (Phoenix Corporation, 1985). In much
of the area, this sequence is unconformably overlain by Late Ter-
tiary to Quaternary eolian, fluviatile, and (lacustrine) depression
deposits. The outcrop sequence has a slightly dipping homocline
and is associated with Mesozoic to Cenozoic lithological forma-
tions. With a length of 90 km and a width of 2–8 km, Wadi Nisah
is considered an east–west trending graben (Fig. 2). (Powers et al.,
1966; Vaslet et al., 1991). It is surrounded by normal faults that dip
at 60� to 70� under the down-dropped floor. It is included in the
central Arabian graben and trough system (Powers et al., 1966).
The creation of the graben could have occurred during the Plio-
Quaternary period (Weijermars, 1998). The complex of Jurassic
and Early Cretaceous geological formations outcropping within
the Wadi Nisah drainage basin, according to Wolfart (1961) and
Sogreah (1968) geological studies, are primarily limestone and of
marine origin.

The subsurface water flow in the area surrounding Wadi Nisah
is affected by this tectonic setting, but in Wadi Nisah, a block of
porous sandstone, the Lower Cretaceous Biyadh sandstone, is low-
ered down in the graben to form a groundwater aquifer (Brown
and Lough, 1963). The limestone and marly limestone of the Juras-
sic (Tuwaiq, Hanifa, Jubailah, and Arab Formations) and Early-
2

Middle Cretaceous (Sulay, Yamama, Buwayb, and Biyadh forma-
tions) outcrop on both banks of Wadi Nisah (Hancock et al.,
1981). The Sha’al Formation, which dates from the Neogene to
the Early Quaternary, rests unconformably on top of the Biyadh
Formation. The valley’s unconsolidated alluvial sediments dates
from the Quaternary Epoch.

Hydrogeological, the Minjur sandstone aquifer, the Dhruma car-
bonate aquifer, and the quaternary alluvial deposits are all part of
the study area’s multi-layered aquifer system. The Minjur sand-
stone Formation and Quaternary alluvial deposits provide the
majority of the region’s water supply (Alharbi, 2018). In and nearby
the study area, the depth of groundwater level measured in 14
wells ranged from 35 to 190 m. The alluvial aquifer is tapped by
shallow wells in the area, while the Minjur and Dhruma Forma-
tions are tapped by deeper wells (Musaed et al., 2020). The Manjur
Formation, Jurassic Limestone Formations, Cretaceous Wasia, and
Biyadh Formation, as well as Quaternary alluvial deposits, are the
main sources of water supply in the research area.
3. Materials and methods

The vertical electrical sounding (VES) technique was used to
define the near-surface prospective groundwater-bearing zones
in this research. The survey used a Schlumberger array arrange-
ment with a maximum half current electrode spacing of 100 m.
(Fig. 3). Furthermore, this array requires at least three individuals
for data collection, improved resolution, and larger penetration
depth (Kearey and Brooks, 1984). The Schlumberger array consists
of four collinear electrodes separated by a known distance (the
outer two are current electrodes while the interiors are potential)



Fig. 2. Wadi Nisah geological setting map (Denis et al., 1991).
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(Sharma, 1997). At each VES station, the apparent resistivity was
measured using a Syscal R2 resistivitymeter. The potential elec-
trodes were placed in the middle of the electrode array at each
sounding location, with electrode spacing less than one-fifth that
of the current electrodes (Sharma 1997).

Field data was recorded and plotted on a bi-logarithmic graph
of apparent resistivity against half-electrode spacing. The VES
curves created were smoothed to guarantee that the effects of lat-
eral inhomogeneity and other types of noisy fingerprints were
eliminated (Bhattacharya and Patra, 1968). The resistances were
multiplied by the geometric factor at each station to convert the
field data to apparent resistivity (Sharma, 1997). The AGI EarthI-
mager 1D software (https://www.agiusa.com/agi-earthimager-
1d-ves) was used to create a 1D model of the sounding curve from
3

the final computed apparent resistivity data. In EarthImager 1D,
both smooth model inversion and damped least-squares inversion
algorithms were incorporated (Mogaji et al., 2015). The evaluation
of the final 1D resistivity model revealed information concerning
layer resistivity, thicknesses, and occurrence depths. These 1D
VES models were then used to derive the geological model. A tol-
erable root mean square error (RMS) value of 5–8% was maintained
in the data fit.

4. Results and interpretation

Table 1 and Fig. 4 illustrate the VES model resistivity values and
their corresponding thicknesses. These findings revealed that
five geoelectric layers exist in the studied area; the uppermost

https://www.agiusa.com/agi-earthimager-1d-ves
https://www.agiusa.com/agi-earthimager-1d-ves


Fig. 3. Shows the placement of VES stations as well as geoelectrical cross-sections in the studied area.

Table 1
Shows the results of the VES model resistivity and the thicknesses associated with it.

VES No: Layer 1 Layer 2 Layer 3 Layer 4 Layer 5

Resistivity
(O.m)

Thickness
(m)

Resistivity (O.m) Thickness
(m)

Resistivity
(O.m)

Thickness
(m)

Resistivity
(O.m)

Thickness
(m)

Resistivity
(O.m)

Thickness
(m)

VES1 569.6 1.2 661.6 3.8 604.1 6 374.5 18.57 89.9 –

VES2 291.2 0.41 501.2 3.3 320.5 6.84 285.8 25.88 71.1 –
VES3 249.2 0.95 316.5 3.9 167.1 10.25 280.0 20.15 73.1 –
VES4 760.7 0.42 492.8 2.6 326.1 10 190.7 22.17 86.4 –
VES5 566.7 0.34 230.7 4.5 373.7 11.20 139.5 33.19 87.4 –
VES6 320.8 0.49 261.4 3.1 528.3 7.2 185.3 33.43 92.0 –
VES7 334.9 0.22 258.3 2.360 375.2 6.11 210.0 44.5 59.2 –
VES8 641.6 1.31 363.4 4.95 463.5 9.35 250.1 25.11 47.0 –
VES9 430.1 2.2 244.6 3.5 244.6 11.96 122.4 20.1 61.8 –
VES10 522.0 0.38 969.9 2.99 322 12.22 206.5 24.60 51.6 –
VES11 436.2 0.88 674.9 2.25 444.6 15.2 167.4 20 69.9 –
VES12 344 2.1 444.5 6.5 341.8 20 184 29.8 57.9 –
VES13 400.1 0.4 319.7 4.19 351.8 9.98 197.6 20.1 68.5 –
VES14 557 2.2 245.3 3.42 274.3 12 128.2 34.25 111.2 –
VES15 541 1.56 146.8 3.14 240.5 20.12 107.2 26.84 75.4 –
VES16 528.5 0.18 849.2 2.62 506.5 13.74 333.6 29.33 115.3 –
VES17 524.9 1.3 308.8 3.8 373.7 12.21 182.3 23.11 69.5 –
VES18 188 0.16 312.2 3.22 426.5 11.12 166.8 18.21 100.5 –
VES19 395.8 0.15 583.3 2.44 215.1 9.50 184.9 29.97 105.4 –
VES20 477.8 0.12 580.9 1.54 226.8 5.54 365.6 35.4 91.5 –
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(superficial) geoelectric layer has resistivity values extending from
188 X.m (VES18) to 641.6 X.m (VES8) and a thickness of 0.11 m
(VES19) to 2.2 m. (VES9). The resistivity of the second layer ranges
from 146.8 X.m (VES15) to 849.2 X.m (VES16), with a thickness of
1.54 m (VES20) to 8.51 m (VES12). The third layer has a resistivity
4

of 167.1 X.m (VES3) 604 X.m (VES1) with a thickness of 6.0 m
(VES1) to 25.66 m (VES15). The fourth layer has a resistivity range
of 107 X.m (VES15) to 374.5 X.m (VES1) and a thickness range of
18.21 m (VES18) to 34.25 m (VES14). The resistivity of the fifth
layer varies from 47.0X.m (VES8) to 111.2X.m (VES14). The upper



Fig. 4. The one-dimensional inverse model for each in the study area.

S.S. Alarifi, K. Abdelrahman and B.Y. Hazaea Journal of King Saud University – Science 34 (2022) 102207

5



Fig. 4 (continued)
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limit of this layer is only recognized while the thickness cannot be
computed because it is the deepest layer that has been located
beneath the VES stations.

The fifth layer represents the near-surface groundwater-bearing
layer in the study region, based on data collected from the local
farms that are distributed inside and near the study area, and this
is corroborated by the electrical resistivity values of this layer
6

derived from this study. Table 2 shows the electrical parameters
of electrical resistivity and conductivity in the groundwater bear-
ing layer (zone), as well as their depth, while Figs. 5 and 6 show
the distribution of these parameters within the studied area.

Fig. 5 depicts the lateral distribution of groundwater bearing
zone resistivity values, which range from 47.0 X.m (in the north-
ern part of the analyzed area) to 111.2 X.m (in the southeastern



Table 2
Summary of aquifer electric parameter.

VES No: True Resistivity (O/m) Ec (m/O) Depth(m)

VES1 89.9 0.011123 30.78
VES2 71.1 0.014065 36.98
VES3 73.1 0.01368 43.75
VES4 86.4 0.011574 35.8
VES5 87.4 0.011442 38.32
VES6 92 0.01087 34.84
VES7 59. 0.016892 41.27
VES8 47 0.021277 39.91
VES9 61.8 0.016181 48.9
VES10 51.6 0.01938 41.21
VES11 69.9 0.014306 47.41
VES12 57.9 0.017271 49.56
VES13 68.5 0.014599 43.8
VES14 111.2 0.008993 52.25
VES15 75.4 0.013263 51.99
VES16 115.3 0.008673 49.67
VES17 69.5 0.014388 48.9
VES18 100.5 0.00995 43
VES19 105.4 0.009488 41.31
VES20 91.5 0.010929 43.04

Fig. 5. The shallow groundwater bearing zone’s geoelectrical resistivity contour
map.

Fig. 6. Shallow groundwater be depth contour map.
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zone). The resistivity values in the southeastern and western zones
of the studied area, although the central zone has moderate values
of about 75X.m, as seen in this figure. The depth of the groundwa-
ter bearing layer (zone) varies from 30.78 m (VES1) to 52.25 m
(VES14) (Fig. 6). The shallowest zone is found in the northwestern
zone, while the middle zone is defined by moderate depth, which
runs from 39 to 43 m. The typical drop of the groundwater bearing
zone towards the southern part of the studied area could explain
these findings.
Fig. 7. Shows a contour map of electrical conductivity (EC) in a shallow ground-
water-bearing aquifer.
4.1. Electrical conductivity (EC)

The electrical conductivity (EC) value (1/q) has been calculated,
which reflects the porosity and amount of dissolved material in
water and represents the ability of an electric current to pass
through it. The conductivity of water increases as the amount of
dissolved particles increases. The lateral distribution of electrical
conductivity (EC) of the groundwater bearing zone (layer) through
7

the selected area for a present investigation is depicted in Fig. 7,
with higher conductivity values obtained in the northern sections
and extending southwestward to cover the majority of the area.
The smallest conductivity values have been found in the area’s
southeastern zone.
4.2. Geoelectrical cross-sections

Six geoelectric cross-sections (shown in Fig. 3) were built in the
Wadi Nisah studied area, linking the majority of VES stations (ap-
proximately 15 VES from the total number of VESes). The resistiv-
ity values obtained from the inverted 1D resistivity profiles are
used to assess the lithology and fluid content (Fig. 8a–f).

The geoelectrical cross-section No.1 (Fig. 8a) extends W-E and
connects the VESes 6, 7, 8, 9, and 10. This cross-section displays
five geoelectric layers arranged from top to bottom as; 1st geoelec-
trical layer has a wide range of resistivity values ranging from 320
(VES6)-641 X.m (VES8) that, in turn, due to the great heterogene-
ity of this thin layer (Alhenaki and Alsoma, 2015). The thickness



Fig. 8. The geoelectrical cross-section through the studied area.
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varies between 0.22 m (VES7) and 2.2 m (VES9). This layer repre-
sents the superficial (topmost) layer and is composed of dry allu-
vial deposits; the 2nd layer is constituted by sands and gravel of
resistivities spread from 258 (VES7) to 969 X.m (VES10) with
thickness between 2.36 m (VES7) and 5.76 (VES8); the 3rd layer
has resistivities in the range from 244 X.m (VES9) 528.3 X.m
8

(VES6) and thickness from 6.11 m (VES7) to 12.22 m (VES10). This
layer is occupied with sandy clay deposits where its thickness
increases eastward; the 4th layer has a thickness that varies from
20.1 m (VES9) to 44.5 m (VES7) and resistivity values from
122.4 X.m (VES9) to 250 X.m (VES8). This layer consists of clayey
sand deposits; the 5th layer signifies the bottom layer in the
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cross-section with resistivity values in the range from 47.0 X.m
(VES8) to 92.0X.m (VES6). This layer represented the groundwater
bearing layer where it is composed of sandstone belonging to the
Bayadh Formation (Hafiz et al., 2013) which epitomizes the shal-
low groundwater aquifer in the Riyadh region.

The geoelectrical cross-section No.2 (Fig. 8b) extendsWNW-ESE
and connects the VESes 16, 17, 18, 19, and 20. This cross-section
displays five geoelectric layers arranged from top to bottom as;
1st geoelectrical layer has a wide range of resistivity values ranging
from 188 (VES18) 528.5 X.m (VES16), which is due to the thin
layer with great heterogeneity (Alhenaki and Alsoma, 2015). The
thickness ranges from 0.12 m (VES20) and 1.3 m (VES17). This
layer is the superficial (topmost) layer and is made up of dry allu-
vial deposits; the 2nd layer is constituted by sands and gravel with
resistivities ranging from 308.8 (VES17) to 849 X.m (VES16) and
thicknesses between 1.54 m (VES20) and 3.8 (VES17); the 3rd layer
has resistivities ranging from 215 X.m (VES19) 506.5 X.m (VES16)
and thickness from 5.54 m (VES20) to 13.7 m (VES16). This layer is
occupied with sandy clay deposits where its thickness increases
eastward; the 4th layer is having a thickness ranging from
18.21 m (VES18) to 35.4 m (VES20) and resistivity values from
166.8 X.m (VES18) to 365.6 X.m (VES20). This layer comprises
clayey sand deposits; the 5th layer represents the cross-section
indicating the bottom layer, with resistivity values varying from
69.5 X.m (VES17) to 115.3 X.m (VES16). This layer represented
the groundwater bearing layer, which is made up of sandstone of
the Bayadh Formation (Hafiz et al., 2013), which reflects the shal-
low groundwater aquifer through the Riyadh region.

The geoelectrical cross-section No. 3 (Fig. 8c) extends NNE-SSW
and connects the VESes 6, 1, ,11 and 16. This cross-section shows
five geoelectric layers arranged from top to bottom as; 1st geoelec-
trical layer has resistivity values ranging from 320 (VES6) 569 X.m
(VES1), which, in turn, is related to the heterogeneity of the thin
layer (Alhenaki and Alsoma, 2015). The thickness ranges from
0.18 m (VES16) and 1.2 m (VES1). This layer represents is the top-
most layer and is composed of dry alluvial deposits; the 2nd layer
is constituted by sands and gravel of resistivities spread from 261
(VES6) to 849 X.m (VES16) with thickness between 2.25 m
(VES11) and 3.8 (VES1); the 3rd layer has resistivities in the range
from 444.6 X.m (VES11) 604 X.m (VES1) and thickness from 6 m
(VES1) to 15.2 m (VES11). This layer is occupied with sandy clay
deposits where its thickness increases eastward; the 4th layer is
characterized by thickness from 18.6 m (VES1) to 33.4 m (VES6)
and resistivity values from 167.4 X.m (VES11) to 374.5 X.m
(VES1). This layer consists of clayey sand deposits; the 5th layer
denotes the bottom layer in the cross-section with resistivity val-
ues in the range from 69.9X.m (VES11) to 115.3X.m (VES16). This
layer signified the groundwater bearing layer where it is made up
of sandstone belonging to the Bayadh Formation (Hafiz et al.,
2013), which reflects the shallow groundwater aquifer in the
Riyadh region.

The geoelectrical cross-section No. 4 (Fig. 8d) extends NNE-SSW
and connects the VESes 10, 5, 15, and 20. This cross-section dis-
plays five geoelectric layers arranged from top to bottom as; 1st
geoelectrical layer has a wide range of resistivity values ranging
from 477 (VES20)-566.7 X.m (VES5) that, in turn, due to the great
heterogeneity of this thin layer (Alhenaki and Alsoma, 2015). The
thickness varies between 0.12 m (VES20) and 1.5 m (VES15). This
layer represents the superficial (topmost) layer and is made up of
dry alluvial deposits; the 2nd layer is constituted by sands and
gravel of resistivities spread from 146.8 (VES15) to 969.9 X.m
(VES10) with thickness between 1.54 m (VES20) and 4.5 (VES5);
the 3rd layer has resistivities in the range from 226.8 X.m
(VES20) to 373.7 X.m (VES5) and thickness from 5.54 m (VES20)
to 20.2 m (VES15). This layer is occupied with sandy clay deposits
where its thickness increases eastward; the 4th layer is character-
9

ized by thickness from 24.6 m (VES10) to 35.4 m (VES20) and resis-
tivity values from 107.2 X.m (VES15) to 365.6 X.m (VES20). This
layer consists of clayey sand deposits; the 5th layer represents
the bottom layer in the cross-section with resistivity values in
the range from 51.6 X.m (VES10) to 91.5 X.m (VES20). This layer
signified the groundwater bearing layer where it is composed of
sandstone that belongs to the Bayadh Formation (Hafiz et al.,
2013) which represents the shallow groundwater aquifer in the
Riyadh region.

The geoelectrical cross-section No.5 (Fig. 8e) joins the VESes 2,
6, 14, and 20 and runs NW-SE. This cross-section illustrates five
geoelectric layers as follows from top to bottom; 1st geoelectrical
layer with resistivity values ranging from 291 (VES2) 557 X.m
(VES14) which, in turn, reflects the heterogeneity of this layer
(Alhenaki and Alsoma, 2015). The thickness varies between
0.12 m (VES20) and 2.2 m (VES14). This is the topmost layer and
is represented by dry alluvial deposits; the 2nd layer is consisting
of sands and gravel with resistivities spread from 245.3 (VES14) to
580.9X.m (VES20) with thickness between 1.54 m (VES20) and 3.4
(VES14); the 3rd layer has resistivities in the range from 226.8X.m
(VES20) 528.3 X.m (VES6) and thickness from 5.54 m (VES20) to
12 m (VES14). This sandy clay layer where its thickness increases
eastward; the 4th layer is characterized by thickness from
25.88 m (VES2) to 35.4 m (VES20) and resistivity values from
128.2 X.m (VES14) to 365.6 X.m (VES20). This layer comprises
clayey sand deposits; the 5th layer in the cross-section defines
the bottom layer with resistivity values ranging from 71.1 X.m
(VES2) to 111.2X.m (VES14). This layer is the groundwater bearing
layer, which is composed of sandstone of the Bayadh Formation
(Hafiz et al., 2013), which is the shallow groundwater aquifer in
the Riyadh region.

The geoelectrical cross-section No.6 (Fig. 8f) extends NE-SW
and connects the VESes 10, 3, 12, and 20. This cross-section exhi-
bits five geoelectric layers organized from top to bottom as; 1st
geoelectrical layer characterized by resistivity values ranging from
249.2 (VES3)-522 X.m (VES10) that, in turn, related to the hetero-
geneity of this layer (Alhenaki and Alsoma, 2015). The thickness
varies between 0.12 m (VES20) and 2.1 m (VES12). This layer is
the superficial layer and is made up of dry alluvial deposits; the
2nd layer is of sands and gravel with resistivities ranging from
444.5 X.m (VES6) to 969.9 X.m (VES10) and thickness varies
between 1.54 m (VES20) and 6.5 m (VES12); the 3rd layer has
resistivities in the range from 167.1 X.m (VES3) 341.8 X.m
(VES12) and thickness from 5.54 m (VES20) to 20 m (VES12). This
layer is of sandy clay deposits where its thickness increases east-
ward; the 4th layer is characterized by thickness from 20.15 m
(VES3) to 35.4 m (VES20) and resistivity values from 184 X.m
(VES12) to 365.6 X.m (VES20). This layer consists of clayey sand
deposits; the 5th layer in the cross-section reveals the bottom
layer, with resistivity values ranging from 51.6 X.m (VES10) to
91.5 X.m (VES20). This layer is the groundwater bearing layer
where it is composed of sandstone belonging to the Bayadh Forma-
tion (Hafiz et al., 2013), which indicates the shallow groundwater
aquifer in the Riyadh region.
5. Conclusions

The vertical electrical sounding (VES) procedure is one of the
least expensive methods for obtaining resistivity per unit depth.
A Schlumberger configuration with current electrodes half-
spacing that reach 100 m was used to conduct the vertical electri-
cal soundings at 20 sites using IRIS Syscal R2 field resistivity-meter.
The data analysis and resistivity results show that there are five
geoelectric layers. the resistivity of the first layer range from 188
to 760.7 O/m, the resistivity of the second layer range from 146.8
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to 969 O/m, the resistivity values of the third layer range from
167.1 to 604 O/m, the resistivity of the fourth layer range from
107.2 to 374.5 O/m and the resistivity of the fifth layer from 47
to 115.3 O/m, the conductivity of the fifth layer range from
0.008993 to 0.0212777 m/O, also the depth of the five-layer range
from 3.78 m to 52.25 m. The decrease in the resistivity and the
increase in the conductivity of the fifth layer indicate the
groundwater-bearing layer.

The groundwater-bearing layer is indicated by drop-in resistiv-
ity values in the fifth layer. According to these findings, the fifth
layer, which has a lower value of resistivity, is water-bearing and
serves as the primary supply of water for the region’s agricultural
areas.
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