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The study integrates Earth observation and geospatial data to evaluate groundwater

4

potential and conditions in Muzaffargarh, South Punjab, Pakistan, a region grappling

with freshwater scarcity due to high sediment concentrations in subsurface water. The
developed approach aims to enhance sustainable water resource management in areas affected
by such sediment challenges. An electrical resistivity survey was conducted at 40 locations within
the study area, incorporating Vertical Electrical Sounding (VES) and spatial analysis with
hydrogeological parameters to analyze and visualize the spatial distribution of freshwater. A
weighted overlay analysis was employed to map freshwater and saline water zones, supported
by 2D resistivity maps. The study generated several thematic layers, including data on geology,
rainfall, lineaments, land use/land cover (LULC), drainage density, soil type, and slope. A
groundwater potential (GWP) zone map was created, categorizing the area into four zones: very
good, good, moderate, and poor. Additionally, resistivity maps were produced at depths of 2m,
10m, 50m, 80m, 200m, and 300m to analyze resistivity variations in the Ghazi Ghat and Qasba
Gujrat areas of Muzaffargarh district. The study's findings include curves indicating potential
groundwater zones and a comprehensive understanding of subsurface characteristics through
resistivity curve comparisons. These results provide valuable insights for the sustainable
management of groundwater resources in the region, particularly in addressing freshwater
scarcity.
Keywords: Electrical Resistivity Survey, Vertical Electrical Sounding, Google Earth Engine,
Groundwater Potential Zone.
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Introduction:

A region's socioeconomic development and urbanization are heavily influenced by its
sustainable freshwater supply [1]. Water's ability to dissolve, suspend, and adsorb a variety of
pollutants, including organic and inorganic substances like arsenic, sulfides, and chlorides, is due
to its high solubility [2]. Pakistan faces significant freshwater shortages, primarily due to its arid
to semi-arid climate and limited precipitation. Consequently, the population depends heavily on
groundwater for industrial, agricultural, and domestic needs. Groundwater contamination
primarily results from poor solid waste disposal practices, while excessive extraction contributes
to rising salinity levels [3]. Groundwater, which fills pore spaces in soil and fractures in rock
formations, is a vital resource supporting biodiversity, economic growth, and human health. Its
occurrence and movement depend on various factors, with the hydrological cycle maintaining
an equilibrium where inflow equals outflow, resulting in minimal net change [4][5]. Given the
random distribution of global water resources, effective scientific methods are crucial for
identifying potential aquifer zones for replenishment and use. Geophysical methods, including
the Electrical Resistivity Method (ERM), are employed to investigate groundwater. ERM has
long been used for mapping geological environments and assessing the thickness of layered
media. Its ease of use, effectiveness, and non-destructiveness make it a preferred method for
groundwater studies. Groundwater potential zonation assesses an area's groundwater potential
using both quantitative and qualitative methods, employing surface and subsurface indicators.
Subsurface data is gathered via observatory wells, electrical resistivity techniques, and direct
observations, while surface features are accessed through remote sensing and field verification.
Electrical resistivity sounding offers an indirect method for interpreting subsurface geological
conditions, particularly in lineaments and weathered rock zones. Vertical electrical sounding
(VES) is widely used due to its cost-effectiveness and suitability for deep probing.

The integration of remote sensing, Geographic Information Systems (GIS), and
electrical resistivity has revolutionized groundwater resource assessment and management.
These technologies are essential for locating and characterizing potential groundwater zones,
with GIS enabling the integration, analysis, and visualization of spatial data. Electrical resistivity
directly probes geological formations to assess their groundwater storage and transmission
capacity. This integrated approach allows for accurate identification, delineation, and assessment
of freshwater potential zones, supporting sustainable groundwater management. The study aims
to assess and delineate groundwater potential zones in Muzaffargarh, South Punjab, Pakistan,
addressing the region's freshwater scarcity due to high sediment concentrations. The research
develops a sustainable water resource management approach, involving an electrical resistivity
survey at 40 locations, integrating Vertical Electrical Sounding (VES) and spatial analysis with
hydrogeological parameters. A weighted overlay analysis maps fresh and saline water zones using
2D resistivity maps. The study also seeks to determine water depth and quality at various levels,
identify freshwater zones in the subsurface, and create a comprehensive groundwater potential
map by integrating remote sensing, GIS, and electrical resistivity data.

Material and Methods:
Description of Study Area

Muzaffargarh is an agricultural district located in Punjab, Pakistan, positioned between
29° 6' to 30° 45" N latitude and 70° 30' to 71° 48" E longitude. It is centrally situated between
the Chenab and Indus rivers. The district encompasses four tehsils: Alipur, Jatoi, Kot Addu, and
Muzaffargarh. Spanning a total area of 830,000 hectares, Muzaffargarh is connected by 1,084
km of metalloid roads to neighboring districts such as Multan, Rajanpur, D.G. Khan, and Rahim
Yar Khan. Within this area, 112,700 hectares are affected by salinity, and 1,170 hectares are
waterlogged. According to the 1998 census, the district had a population of 2,635,903 [18]. Thal
Doab, a triangular region bordered by the Indus River to the west and the Chenab River to the
east, covers an area of 7.9 million acres [19][20]. Our study area, situated in Thal Doab within
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Muzaffargarh, has an average elevation of approximately 122 meters above sea level and lies
along the southern bank of the Chenab River [21]. The hydrology of the region faces several
critical issues, including water scarcity and contamination. Persistent water shortages and poor
water quality, due to contamination, have long been concerns for local residents. The area
experiences minimal annual rainfall, which exacerbates soil salinity problems. The primary
objective of this study is to identify significant freshwater aquifers and regions with

contaminated subsurface water to address these pressing challenges.
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Figure 1: Map showing the location of the study area and distribution of ground survey points
in southern Punjab Pakistan
Geology of Muzaffargarh:

The district of Muzaffargarh is classified into various lithological units based on a
geological map published by the Geological Survey of Pakistan (GSP, 1964), compiled by M.
Abu Bakr, M.S.C. from the Geological Survey of Pakistan, and Roy O. Jackson from the U.S.
Geological Survey. The research area falls within the Central Indus Basin and is primarily
composed of Quaternary deposits. These deposits are categorized as follows: Eolian sand of the
Thar Desert or dune sand deposits (QQs), floodplain deposits or eolian sand deposits, deposits of
extinct streams with relief less than 100 feet (Qsc), stream-bed and meander-belt deposits (Qm),
and active floodplain deposits (Qf).

Data Collection:

An electrical resistivity survey was conducted to estimate water quality in the Thal Desert
area, which primarily consists of clay, sand, silt, and silty clay. The Schlumberger configuration
was used for this survey, where electrodes are arranged in a straight line to form a circuit. In this
configuration, the distance between the inner electrodes remains constant, while the distance
between the outer electrodes is varied at each Vertical Electrical Sounding (VES) point. The
Schlumberger configuration requires that the current electrode spacing be greater than or equal
to the distance between the inner electrodes. Certain conditions must be met before initiating
the resistivity survey to ensure accurate results.
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AB = 5MN (1)
. Resistivity contrasts should be evident among the formations being examined.
. If the surface consists of alternating thin layers, the measured resistivity reflects the

average effect of these layers.

. The resistivity array should be positioned away from electrical lines in the field. If
electrical lines are close to the investigation point, the array should be oriented
perpendicularly to these lines to prevent electrical interference from affecting the
resistivity measurements and introducing noise.

Using the Schlumberger configuration, approximately 40 Vertical Electrical Sounding
(VES) points were established. At each VES point, the AB/2 distances used were 1.5, 2, 3, 4, 6,
8, 10, 15, 20, 25, 30, 40, 50, 60, 80, 100, 125, 150, 200, 250, and 300 meters. The AB/2 distance
was adjusted at each VES point, and when the Schlumberger configuration began yielding low
resistivity values, the MN distance was also modified. Upon completing the circuit, a current of
200 mA was introduced into the ground, which was then measured by potential electrodes to
determine the resistivity values. The resistivity meter was used to measure resistance in
ohmmeters. The primary objective of this survey was to calculate apparent resistivity, which
represents the average resistivity of subsurface materials. Apparent resistivity was calculated
using resistance and a geometric constant (K), both of which were derived from field
measurements.

p. = R*K 2
. p. = apparent resistivity
° K= geometric constant
° R = resistance offered by ground
. R is calculated by using the given formula
LA ©)

1
° R = resistance
° V = Potential difference
° I = electric current

Geometric factor K was calculated by using the given formula
o (AB/2)"2 — (MN/2)"2

K =mw
o @
o AB = distance between outer current electrodes
° MN = distance between inner potential electrodes

Apparent resistivity was calculated using the specified formulas, and values for all
parameters were plotted to create graphs of apparent resistivity. These graphs were plotted with
AB/2 on the x-axis and apparent resistivity (pa) on the y-axis. After generating graphs for each
VES point and compiling them into a Word document, the data were further processed using
the software IPI2ZWIN. This software generates synthetic curves that correspond to the field
resistivity curves. The field resistivity curves, derived from field-acquired data, were compared
with synthetic curves produced by minimizing potential errors.

The models generated by IPI2ZWIN were utilized to determine the thickness and depth
of geological layers. The software’s table window displays the Root Mean Square (RMS) error,
which should be less than 1%. To achieve this, adjustments were made to the apparent resistivity
(0a), resulting in changes to the RMS value. Several models produced by IPI2WIN are shown
in Figure 6, where red curves represent synthetic or best-fit curves, while black curves depict
field data. The blue layers indicate lithological units, with layer identification achieved through
analysis of these curves. Vertical Electrical Sounding (VES) is a reliable, non-destructive method
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for groundwater exploration, requiring specific conditions to ensure accuracy. Its effectiveness
can be further validated by correlating results with borehole data. Despite its reliability, VES has
a limitation: it necessitates a long array of wires, which can be challenging to manage during data
collection from deep resources. Nonetheless, the method’s overall reliability mitigates this
limitation.
CI
CR = Rl (5)
Where RI denotes the Random Index, CI represents the Consistency Index, and CR

stands for the Consistency Ratio. A CR value of < 0.10 is considered acceptable, with a CR of
0 indicating a perfect level of consistency. The groundwater potential zone map for
Muzaffargarh was developed by integrating all seven thematic maps through a weighted overlay
assessment approach on a GIS platform, utilizing an algorithm to combine the data effectively.
Research Methodology:

In this study, various spatial analysis techniques in ArcGIS were utilized to process and
evaluate integrated datasets. This involved creating derivative maps and performing spatial
overlays to identify relationships and patterns among variables (Figure 2).
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Figure 2: Flow chart indicating the step-by-step procedure adopted in the study

Remote sensing (RS) and GIS methods were employed for hydrological investigations
of drainage basins, addressing various aspects of the physical environment within the basin and
its surroundings. These techniques are particularly crucial in arid regions facing issues like limited
freshwater resources and frequent flash floods. RS and GIS facilitated the extraction of
hydrological data for both qualitative and quantitative assessments of drainage system
parameters in dryland environments.

The study incorporated various geospatial datasets, including Digital Elevation Models
(DEM) from the Shuttle Radar Topography Mission (SRTM) sourced from the USGS website,
as well as field surveys, soil types, water table depth, and geological data. These datasets were
processed using ArcGIS version 10.5 to analyze factors such as DEM, land use, soil types,
geomorphology, hill shade, and drainage density. Thematic maps, including geology, drainage
density, soil, land use/land cover (LULC), rainfall, lineament density, and slope, were created to
estimate recharge potential and groundwater potential zones in the study area. The soil map was
prepared using data from the “Soil Grids” website, LULC data was directly downloaded from
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the ESRI website, and the rainfall map was compiled from data available on “Cru data.” The
geology map was digitized based on information from the Geological Survey of Pakistan, while
other maps were generated using DEM data.

Additionally, the study aimed to utilize Electrical Resistivity Surveys to determine
subsurface layers through the Inverse Slope method using IPI2ZWIN software. Satellite data was
also employed for map creation. Electrical resistivity surveys, a widely used geophysical method
for groundwater prospecting and hydrogeological investigations, are effective in areas where
resistivity contrasts are present among surrounding formations and water-bearing strata. This
technique helps determine the thickness and resistivity of layered media to locate groundwater
aquifers. Vertical Electrical Sounding (VES), which employs four electrodes—two current
electrodes (A and B) and two potential electrodes (M and N)—is used to measure resistivity.
The Schlumberger electrode configuration, as illustrated in Figure 3, was utilized, with current
electrodes injecting current into the ground and potential electrodes measuring the resultant
potential difference.

Table 1: AHP matrix indicating weight for each layer

. . Normalized
Matrix Rainfall | Geology | Slope %r::;?tge LULC ngﬁ;?tent Soil Principal
y y Eigenvector
Rainfall 25.38%
Geology 21.79%
Slope 15.70%
Drainage 0
Density 9.19%
LULC 16.16%
Lineament 0
Density 8.75%
Soil 3.02%

1 1

Figure 3: Illustration of electrode array using Schlumberger electrode configuration used in
field during data acquisition.
The weighted overlay method in ArcGIS 10.5 was used to estimate groundwater zones
by combining various thematic maps. Each layer was assigned a weight and rank, as outlined in
Equation (6), where \ (A \) represents the weight of the parameter, \ (B \) is the rank of the
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subclasses in each parameter map, and \(1i \) and \( n \) denote the initial and final values,
respectively, for the number of parameters. After determining the total normalized weights for
each thematic layer and its attributes, the groundwater potential zones were delineated using the
raster calculator in ArcGIS 10.8. Based on the cumulative score of the groundwater potential
zones, four classes were identified: very good, good, moderate, and poor.

Results:

The research area, located in Muzaffargarh within the Central Indus Basin, is
characterized by Quaternary deposits. Using ArcGIS, various layers were created to represent
the area's geological and hydrological features, as detailed in Figure 4. Models generated with
ground data and IPI2ZWIN software illustrate the subsurface lithologies and types of water
present. Resistivity values were used to differentiate between materials: low resistivity values
indicate clay sediments above the water table or saline water below it, while high resistivity values
suggest the presence of fresh water with some sandy strata. The resistivity values for different
materials are listed in Table 2. Ground data collected in the field were plotted in ArcGIS to
visualize resistivity at various depths, as shown in Figure 7.

Table 2: Resistivity threshold values for various lithologies utilized in the interpretation of
Vertical Electrical Sounding (VES) data.
Resistivity Zone Resistivity Range (ohm-m) Interpreted Lithology

Very high Greater than 230 Coarse sand with gravels and Kanker
. Sand with gravels with minor
High 230 t0 100 interbedde% thin layers of silt and clay
Medium 100 to 40 Medium to coarse sand
Low 40 to 20 A mixture of sand with silt and clay
Silty clay / clayey silt (Above GWT)
Very low Less than 20 Saline sediments, silty clay in

dominance (Below GWT)

Elevation and Slope:

The elevation of the land surface plays a crucial role in groundwater replenishment by
driving water movement through gravity. By analyzing elevation data, we can identify regions
that contribute to groundwater flow [23]. Elevation is a key topographic feature for assessing
groundwater potential. The elevation map for the study area was developed using the SRTM
DEM. Altitude influences climate variations, which in turn affect rainfall patterns and soil quality
[24]. Elevation gradients impact groundwater direction and flow, while changes in landscape
elevation contribute to groundwater recharge and movement. This information is vital for
effective water resource management and sustainability [25]. Typically, flat land surfaces
experience lower runoff compared to moderately and highly elevated areas. Runoff in flat
regions ranges from 0 to 0.4%, while infiltration is generally greater in flat areas than in regions
with steep or moderately steep slopes.

Soil Texture:

Land water infiltrates through the soil's voids to reach the aquifer, making soil a
fundamental factor in determining potential groundwater zones. Consequently, various
technologies and techniques, such as remote sensing, GIS, and AHP, are employed in
groundwater research [26]. Soil type maps are created based on the average size of solid particles
in the soil, including sand, silt, and clay. Soils with high infiltration rates, such as sand, gravel,
and boulders, are assigned higher weights (Figure 4g).

LULC:

Land Use and Land Cover (LULC) maps were generated by classifying raster datasets
for the years 2000, 2010, and 2020, as shown in Figure 4f. Seven categories were developed
based on land use types for these different years.
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Rainfall:

Rainfall data for the years 2011-2021 was downloaded and processed in ArcMap to
create an average rainfall map, shown in Figure 4c. Geophysical methods are essential for
analyzing the subsurface geology of specific areas by detecting discontinuities caused by
contrasts in the physical properties of rocks. Given the complexity of geophysical patterns and
the interpretation of these discontinuities, an integrated survey using two or more geophysical
methods is commonly employed. This approach provides a more accurate depiction of
subsurface geology and addresses challenges related to the earth's inhomogeneous nature. For
this project, a geophysical survey was conducted incorporating GIS, remote sensing (RS), and
electrical resistivity methods for groundwater exploration.

Groundwater Potential Zone Map:

A groundwater potential (GWP) zone map was created using thematic layers,
categorizing the study area into four zones: very good, good, moderate, and poor, as shown in
Figure 5.
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Figure 4: The map of thematic layers for Muzaffargarh, utilized in creating the GWPZ map,
includes the study area indicated by a small black box. This figure comprises the following: a)
Slope, b) Geology, ¢) Rainfall, d) Drainage Density, ¢) Lineament Density, f) Land Use/Land
Cover (LULC), and g) Soil Classification Map.
Table 3: Interpretation of GG-01
Layer Resistivity Thickness Depth

No. (Ohm-m) (m) (m) Interpretation Remarks
1 3.91 1.21 121 Clay The third, fourth, and
2 191 1.48 2,69 Gravel fifth layers are water-
3 10.6 7.82 10.5  Saline sediments bearing. Drilling s
Medlum to  coarse required for further
4 66.6 45.7 56.2  grain sand with fresh investigation.
groundwater
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Figure 5: Groundwater Potential Zone Map of Muzaffargarh, it classifies the area into four
groundwater quality zones: Very Good, Good, Moderate, and Very Low.
Interpretation of some of points is given below:
Table 4: Interpretation of KA-04

Layer Resistivity Thickness Depth (m) Interpretation Remarks
No. (Ohm-m) (m)
1 20.6 0.964 0.964 Clay or silt The second and
2 34.3 39.2 40.1 Clay or silty clay or third layers are
clayey silt saturated water-bearing.
with water Drilling is
3 51.6 Medium to coarse required for
grain sand with fresh further
groundwater investigation
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Figure 6: 1D inverted models of apparent resistivity data are indicated by small circles. The
solid black curve represents the apparent resistivity curve, while the red curve is the best fit to
this data. The solid blue block line shows the modeled (synthetic) resistivity. The horizontal
axis represents the current electrode spacing (AB/2) in meters, and the vertical axis shows the
resistivity in ohm meters. The figure includes the following plots: a) GG-01, b) KA-01, ¢) KA-
04, d) KA-05, and ¢) KA-08.
Table 5: Interpretation of KA-05

Layer Resistivity Thickness Depth Interpretation Remarks
No. (Ohm-m) (m) (m)
1 21.2 2.66 2.66  Clay or silt The second and
2 13.2 92.2 949  Saline sediments third  layers are
Medium to coarse water-bearing.
3 67.9 grain sand with Drilling is required
fresh groundwater  further.
Table 6: Interpretation of KA-08
Ll?(f)e.r I({Ssﬁls;l_‘;lt)y Thl(c:rlflr)less D(fg:)th Interpretation Remarks
1 25 2.9 2.9 Clay or silt
Medium to coarse The second, third,
2 55.8 7.87 10.8  grain sand with and fourth layers are
fresh groundwater ~water-bearing.
3 57 198 209 Clay or silt with Drilling is required
marginal water for further
4 0.354 Saline sediments
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Figure 7: Contour map representing resistivity distribution at study area in Muzaffargarh at
different depth i.e. 2) 2m, b) 10m, ¢) 50m, d) 80m, ¢) 200m, f) 300m
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Resistivity maps were generated at depth levels of 2 m, 10 m, 50 m, 80 m, 150 m, 200
m, and 300 m to analyze the variation in resistivity values in the Ghazi Ghat and Qasba Gujrat
areas of the Muzaffargarh district. Clays and silty clay sediments present above the water table
exhibit low resistivity values. Water-saturated sand sediments have resistivity values ranging
from 40 to 100 ohmmeters. Saline sediments show low resistivity values both above and below
the water table. The resistivity maps, created from ground data at various depths, illustrate
groundwater quality and the variation in resistivity according to depth. These maps, shown in
Figure 7, clearly depict the differences in water quality and resistivity at different locations.
Discussion:

Several studies have highlighted the risks associated with groundwater depletion due to
agricultural use. In this study, approximately 40 observations of groundwater levels were
conducted across different locations for resistivity modeling and groundwater mapping.
Resistivity models were generated and plotted, displaying resistivity values against depths, and
consisting of sequences of horizontal layers distinguished by discrete resistivity bands.
Calibration between lithology and resistivity was established using provided information and
resistivity data, as summarized in Table 2.

Interpreting the Vertical Electrical Sounding (VES) results in this region proved
challenging due to similar resistivity readings between shallow and deep alluvial sediments. Sand
and gravel sediments typically serve as good aquifers for fresh groundwater, while clay-rich
sediments act as aquifers for saline water. Figure 6 presents various models where the red curves
represent synthetic or best-fit curves for the field data, demonstrating a Root Mean Square Error
(RMSE) of less than 1. These synthetic curves help minimize errors, with the blue lines indicating
subsurface lithologies and their corresponding depths.

Figure 6a illustrates four subsurface layers: clay, gravelly sand, silt, and sand saturated
with freshwater. Low resistivity values suggest saline water, while high resistivity values indicate
freshwater. Figure 6b shows five geo-electric layers with distinct lithologies, including clay,
gravel, saline sediments, medium to coarse-grained sand with freshwater, and water-saturated
clay or silty clay. The coordinates for these layers are 30° 18" 94" N, 70° 94" 97" E. Figure 6c,
located at 30° 13" 11" N, 70° 56’ 28" E, depicts three lithologic layers: clay or silt (top layer), clay
or silty clay saturated with water (middle layer), and medium to coarse-grained sand with
freshwater (bottom layer). Figure 6d, at 30° 12" 25" N, 70° 57" 40" E, features three lithologic
units: clay or silt (uppermost layer), saline sediments (second layer), and medium to coarse-
grained sand with fresh groundwater (third layer). Figure Ge, located at 30° 13" 21" N, 71° 00’
33" E, shows four lithologic units: clay or silt (top layer), medium to coarse-grained sand with
freshwater (second layer), clay or silt (third layer), and saline sediments (fourth layer).

In the study area, resistivity values are categorized as follows: very high (greater than 230
Q-m), high (between 100 and 200 2-m), medium (between 40 and 100 €2-m), low (between 20
and 40 €-m), and very low (less than 20 €2-m). The electrical resistivity data reveal thick layers
of Quaternary sediments in the subsurface, primarily composed of clay, silt, sand, and gravel.
These resistivity values were determined from field data and plotted at various depths in ArcGIS.
Resistivity maps were created at different depths, including 2 m, 10 m, 50 m, 80 m, 200 m, and
300 m, to analyze variations in resistivity. Figure 7 presents these maps, illustrating resistivity at
different depths.

Figure 7a shows the resistivity map at a depth of 2 meters, primarily reflecting lithologic
variations, with resistivity values ranging from less than 10 Q-m to over 250 Q-m. Sampling
locations towards the west exhibit low resistivity values, suggesting alluvium or silty materials,
while those towards the east show high resistivity values, indicating boulders or gravelly strata.
Figure 7b displays resistivity at 10 meters, with medium to high resistivity values indicating
freshwater, and values up to 40 Q-m suggesting silty clay or clayey silt with brackish water.
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Values below 10 -m show saline sediments. Figure 7c illustrates resistivity distribution at 50
meters, with high to very high resistivity values (120-200 Q-m) indicating freshwater, while other
locations show low to medium resistivity. Figure 7d shows resistivity distribution at 80 meters,
with a trend from low to high resistivity from east to west. Figures 7e and 7f indicate favorable
locations for freshwater towards the west, with sand and gravel containing fresh and saline water.
Conclusion:

The study effectively employed Remote Sensing (RS), Geographic Information Systems
(GIS), the Analytical Hierarchy Process (AHP), and electrical resistivity techniques to evaluate
and identify potential groundwater zones. The research involved creating thematic layers,
assigning weights using AHP, and performing overlay analysis to delineate groundwater
potential zones. Electrical resistivity surveys revealed three to five geoelectric layers in the study
area, including organic content, silty clay, fine to coarse sand, and gravel. Low resistivity values
indicate saline water, while high values suggest freshwater. Sites with high resistivity, primarily
consisting of gravelly sand, show potential for freshwater. Sites such as GG-01, GG-02, GG-
03, GG-04, GG-05, GG-06, GG-07, GG-08, KA-01, KA-02, KA-03, KA-04, KA-05, KA-08,
and KA-10 are recommended for test drilling.

Recommendations:

. Validate survey data with borehole information.

e  Allocate a groundwater budget for water management in underdeveloped areas.

. Conduct groundwater quality surveys every five years under the Ministry of Water and
Power's supervision.

° Utilize vertical electrical sounding, electrical resistivity tomography, and seismic
refraction techniques for result verification.

o Ensure public accessibility to borehole data in underdeveloped areas.

. Launch a government awareness campaign on the importance of quality water.

. Obtain government approval before installing new water tube wells.
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