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Abstract
Vairavanpatti is a rural area in the district of Sivagangai, Tamil Nadu, India, prone to water deficiency. Azimuthal
square array for vertical electrical sounding (VES) techniques were used to delineate the geoelectrical layers at five
different locations. Groundwater samples were collected in 15 locations and analyzed for pH, EC, TDS, TH, T-Alk, Ca,
Cl, SO4, Fe, and SiO2 levels. The minimum and maximum apparent resistivity values recorded in location 5 with
37.6 Ωm and location 4 with 1150.7 Ωm. Most of the quality parameters exceeds the WHO (2008) and BIS (2012)
guideline values except pH and SO4. Iso-resistivity maps for apparent resistivity values suggest at 10-m intervals a total
depth of 80 m. The iso-resistivity maps and spatial distribution maps were reclassified with respect to their desired
values based on WHO (2008) and BIS (2012) guidelines for drinking water. Analytical hierarchy processes (AHPs) were
used to assign the weights for each reclassified layers. The relative importance of layers for potable groundwater and
potential zone were identified, in which the consistency ratio is kept as below 0.1. The result shows that the 23%
groundwater of northern part is not suitable for drinking purposes. In the overall study area, 51.33% of the southwest,
southeast, and central parts possess potable groundwater with moderate potential. In northern part, 22.42% have non-
potable and moderate potential while 13.38% of the northeastern part contains good potential of potable groundwater.
All other categories are 12.21% of potable and poor potential, 0.5% of non-potable with good potential, and 0.16% of
non-potable with poor potential of groundwater in the study area. Rainwater harvesting and artificial recharge must be
implemented in these areas to improve the potential and quality of groundwater. It is understood that AHP-enabled GIS
can be used effectively in the identification of potable and potential groundwater zone in any complex regions.
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Introduction

Groundwater investigation is given more significance due to
water scarcity in India and for the ever-growing demand for
water provisions, particularly in areas with insufficient surface
water resources. Ten percent of the world’s population is ex-
aggerated by chronic water shortage, and this is expected to

increase one third by 2025 (WHO 1996). Since, the industrial
insurgency, detailed studies on natural water systems, and
polluted waters have been given more importance in every
part of the globe (Mohamed et al. 2009; Juahir et al. 2011;
Sivakumar et al. 2016; Ramachandran et al. 2020; Chung et al.
2020). The rising freshwater crisis in terms of quality and
quantity is already felt in India due to the contamination of
freshwater resources, more drafting of groundwater, and de-
clining trends of surface water during summer, and it has
urged the need for a thorough study on the quality and quan-
tity of groundwater in different parts of India (Selvam et al.
2016; Sivakumar et al. 2017; Ravindran et al. 2018; Kanagaraj
et al. 2019; Chandra et al. 2019). Nature of groundwater de-
pends on the rock-water interaction in aquifer systems. The
searching of groundwater is faced with lots of uncertainties; to
minimize or avoid failures altogether, it is pertinent that the
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right exploration techniques are utilized in the definition of
subsurface water-bearing formations (Coker et al. 2009).

The great advances in geophysics during the last two de-
cades altered not only the field equipment and practice but
also the advanced interpretation techniques. The new electron-
ic devices and widespread application of digital computers are
used to interpret the geophysical data. The quality of water, as
well as quantity, is an essential concern since it is directly
linked to plant growth and human health (Hem 1991;
Karanth 1997). Water quality gets modified based on the var-
ious hydrological cycle process such as evaporation, transpi-
ration, and selective uptake by vegetation, oxidation/reduc-
tion, cation exchange, dissociation of minerals, precipitation
of secondary minerals, mixing of waters, leaching of fertilizers
and manure, pollution, and biological processes (Appelo and
Postma 2005). The hydrochemical knowledge is vital in de-
termining the source and composition of groundwater
(Zaporozec 1972).

Physicochemical parameters are necessary for assessing
the suitability of water for various purposes like drinking,
domestic, agricultural, and industrial. Many studies in differ-
ent parts of India have been carried out on groundwater qual-
ity deterioration with respect to drinking domestic and irriga-
tion purposes (Majumdar and Gupta 2000; Dasgupta and
Purohit 2001; Khurshid et al. 2002; Sujatha and Redd 2003;
Pulle et al. 2005; Subba Rao 2006). Some of the common
geochemical processes that control the physicochemical pa-
rameters of the aquifer water are evaporation, deposition, dis-
solution, weathering of minerals, and ion exchange. These
processes are also responsible for the seasonal and spatial
variations of groundwater chemistry. The quality of waters
is influenced by rainfall patterns, surface characteristics, land
use, soils, and geology of the areas. Detailed knowledge of the
hydrogeochemical process that control chemistry is very es-
sential to understand and deal with the groundwater-
associated problems. The continuous monitoring of ground-
water to know the variation in its chemical composition and
the graphical analyses of hydro-geochemical data helps to
determine the hydrogeochemical processes of a particular re-
gion. Thus, the hydrogeochemical studies will assist in plan-
ning and in taking counteractive actions to protect aquifers
that are contaminated by natural and as well as anthropogenic
activities (Chidambaram et al. 2012, 2013; Chandrasekar et al.
2013; Krishna kumar et al. 2014). Geographic information
system (GIS) is a potential tool to address the issues in water
resource like quality assessment and management for regional
as well as local scale and used to develop the solutions for
water-related problems (Gnanachandrasamy et al. 2015;
Selvam et al. 2016; Venkatramanan et al. 2017). Analytical
hierarchy process (AHP), developed by Saaty in 1980, is a
well-known method and widely used in multi-criteria analysis
with integrated pairwise comparison matrix to calculate the
weights of each criteria for decision-making problems

(Cabrera and Lee 2019). In recent years, researchers from all
over the globe use the AHP with GIS in natural hazard vul-
nerability mapping and various environmental suitability stud-
ies (Machiwal et al. 2011; Mondal 2012; Rahimi and
Mokarram 2012; Ajin et al. 2014; Fenta et al. 2014; Selvam
et al. 2015; Gangadharan et al. 2016; Ibrahim et al. 2017;
Pinto et al. 2017). The main theme of this work is to elucidate
through geoelectrical methods to measure the subsurface for-
mations, and to know the groundwater potential zones with
new comprehensive techniques for the identification potable
groundwater potential zones (PGWPZ), based on the multi-
criteria analysis in GIS enabled with AHP. This study over-
lays the spatial distribution of geophysical and geochemical
data to delineate the potential groundwater zones, which in
turn could be used for adequate management and decision-
making schemes.

Study area

Vairavanpatti is situated to the southeast of Sivagangai
district, Tamil Nadu, India (Fig. 1). This region is located
between 78° 39′ 12.6″ E and 78° 39′ 50.04″ E latitudes–
10° 07′ 21″ N and 10° 08′ 2.4″ N longitudes, and it covers
150 acres (0.6 km2) of groundwater-based agriculture
land. The annual rainfall ranges from 861 to 988 mm with
an average of 905 mm, and it prevails 60 to 75% of high
relative humidity throughout the year. Southwest and
northeast monsoons are the seasons when the study area
get its rainfall in which northeast monsoon contributes
more precipitation than the southwest monsoon (CGWB
2008). There are two tanks available in the study area
which are fed by rainwater, and the water stored in these
tanks is used for irrigation when they filled mostly in
rainy seasons. The geology of this region is consists of
garnetified charnockite, mica schist, granite gneiss, and
granites associated with intrusive rocks of Archean age.
The area is highly undulated, due to the irregular
weathering conditions. Weathering thickness and inter-
connected regional fractures make the wells to be produc-
tive in this region. The groundwater condition in a terrain
is highly variable depending on the weathering, fracturing
regional groundwater flow, and local withdrawal pattern.
The groundwater condition is mainly influenced by soil
cover, which controls the local vertical recharge of rain-
water. The top soil of the study area is composed of iron-
enriched red loam which is derived from the granitic host
rocks. The thickness of the weathered and jointed rock
decides the total groundwater storage while the opening
in the fractures controls the movement of water in the
subsurface. Distinct drainage futures could not be identi-
fied due the small scale of the study area. The groundwa-
ter condition can be studied in microlevel by studying the
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Fig. 1 Groundwater samples and VES locations of Vairavanpatti, Southern India

Fig. 2 Methodology flowchart
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available well water levels, weathered portion thickness,
joint type, and fractures in the host rocks. The geophysi-
cal surveys are helpful in demarcating the weathered

zones, the nature of the fracture system, the regional
structural features, and the presence of the deep fractures
of particular region.

Fig. 3 Electrode arrangements of
square array method (after
Ravindran 2012)

Table 1 Apparent resistivity (in Ωm) values of vertical electrical soundings

Sl. no. AB/2 in (m) Lat. 10.1254°
Long. 78.6627°

Lat. 10.1256°
Long. 78.6629°

Lat. 10.1247°
Long. 78.6619°

Lat. 10.1250°
Long. 78.6628°

Lat. 10.1255°
Long. 78.6619°

VES 1 Ωm VES 2 Ωm VES 3 Ωm VES 4 Ωm VES 5 Ωm

1 10 78.9 61.0 97.8 62.2 37.6

2 20 131.4 51.5 256.0 569.6 143.6

3 30 234.9 162.0 203.7 89.6 110.5

4 40 161.0 216.5 320.7 55.7 345.2

5 50 817.4 236.0 362.1 93.8 577.8

6 60 890.5 313.0 430.9 567.9 519.1

7 70 322.7 353.5 502.4 1150.7 316.3

8 80 521.8 365.0 606.3 478.5 940.8

9 90 867.8 – 754.0 555.7 –

10 100 – – 768.1 403.6 –

Minimum 78.9 51.5 97.8 55.7 37.6

Maximum 890.5 365.0 768.1 1150.7 940.8

Mean 447.4 219.8 430.2 402.7 373.9

866    Page 4 of 15 Arab J Geosci (2020) 13: 866



Methodology

The methodology adopted for this study to accomplish
the objective can be divided into three major parts. They
are (1) vertical electrical sounding (VES) using azimuthal
square array and groundwater sampling, (2) interpretation
of electrical resistivity method and groundwater sample
analysis for the physicochemical parameters, and (3) po-
table groundwater potential zone identification using
multi-criteria analysis in GIS and AHP (Fig. 2). VES
using the square array method (Fig. 3) is used by

Aquameter (CRM500) resistivity meter (Table 1).
Portable unit of Aquameter CRM 500 is a high power
version (40 W) which is useful for any type of soil, and
it has automatic Earth current setting and rechargeable
batteries. In square array method, the apparent resistivity
values are taken by fixing the current and potential elec-
trodes in three different orientations as given in the Fig.
3 (Ravindran 2012). Groundwater samples were collected
at 15 locations in summer season in the year of 2019
(Table 2). Clean polyethylene bottles of 1-L capacity
were used to collect and store water samples. The bottles

Table 2 Results of physicochemical parameters for drinking purposes

S. no. Latitude in decimal Longitude in decimal pH EC TDS T-Alk TH Ca Cl SO4 Fe SiO2

1 10.125 78.663 7.0 1290 864 264 386 232 142 102 0.28 71

2 10.123 78.660 6.7 1450 972 352 452 268 185 46 0.09 116

3 10.125 78.659 8.4 910 610 432 52 32 131 24 0.07 46

4 10.126 78.658 6.7 1740 1166 312 556 335 256 44 0.17 101

5 10.129 78.658 7.0 1260 844 360 430 256 102 31 0.18 101

6 10.129 78.658 6.8 2200 1474 416 512 300 264 78 0.56 105

7 10.131 78.659 6.7 2596 1741 355 824 479 319 106 0.22 72

8 10.133 78.661 6.5 1920 1286 235 525 320 272 77 0.27 50

9 10.130 78.657 6.7 1750 1173 325 475 285 165 98 0.72 55

10 10.129 78.656 7.8 550 369 225 215 105 17 18 0.40 95

11 10.128 78.657 7.0 640 429 260 240 140 35 12 0.44 91

12 10.128 78.655 7.4 820 549 320 300 185 49 21 0.34 68

13 10.125 78.656 7.6 840 563 164 210 130 96 60 0.06 6

14 10.124 78.658 7.5 461 308 120 146 120 35 10 0.27 16

15 10.130 78.661 7.4 980 657 120 300 224 173 20 0.31 12

Minimum 6.5 461 308 120 52 32 17 10 0.06 6

Maximum 8.4 2596 1741 432 824 479 319 106 0.72 116

Mean 7.1 1294 867 284 375 227 149 50 0.29 67

WHO (2008) and (BIS 2012) guideline values 6.5–8.5 1500 500–2000 20–200 200–600 75–200 250–1000 200–400 0.3 –

*Units for each parameter: pH has no unit, EC in μS/cm, all other parameters are in ppm

Table 3 Correlation matrix for
analytical results Parameters pH EC TDS T-

Alk
TH Ca Cl SO4 Fe SiO2

pH 1.00

EC − 0.71 1.00

TDS − 0.71 1.00 1.00

T-Alk − 0.15 0.51 0.51 1.00

TH − 0.83 0.92 0.92 0.35 1.00

Ca − 0.84 0.90 0.90 0.27 0.99 1.00

Cl − 0.61 0.94 0.94 0.37 0.82 0.83 1.00

SO4 − 0.58 0.80 0.80 0.29 0.71 0.68 0.68 1.00

Fe − 0.30 0.15 0.15 0.04 0.15 0.14 − 0.04 0.22 1.00

SiO2 − 0.43 0.33 0.33 0.65 0.41 0.33 0.17 0.07 0.14 1.00

Significant positive correlation of r>60 is denoted as italic form
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were pre-rinsed with distilled water to avoid the contam-
ination error and rinsed with water before collecting the
samples. Groundwater samples were collected 30 cm be-
low the water level in open wells using buckets while
samples were collected in borewells after few minutes of
pumping. pH, electrical conductivity (EC), and total dis-
solved solids (TDS) were measured using portable me-
ters (PCSTestr 35) in the field. Longitude and latitude of
each VES location and each sampling well were noted
down using the portable GPS device (GARMIN GPS)
(Tables 1 and 2). Samples were analyzed in the labora-
tory for water quality parameters such as total alkalinity
(T-Alk), total hardness (TH), calcium (Ca), chloride (Cl),
sulfate (SO4), iron (Fe), and silicate (SiO2) using stan-
dard procedures of APHA 1995. Correlation matrix for
the analytical results are given in the Table 3 followed
by analytical hierarchy process (Tables 4, 5, 6, 7, 8 and
9). Iso-resistivity maps were prepared for the depth wise
apparent resistivity values and physicochemical parame-
ters interpolated with inverse distance weighted (IDW)
spatial techniques in QGIS 2.8 (Venkatramanan et al.
2015; Gnanachandrasamy et al. 2018). The iso-
resistivity maps and spatial distribution maps were
reclassified based on desired values (Tables 10 and 11)

for potable groundwater potential zones. All the
reclassified layers are incorporated in AHP in QGIS 2.8
of Saga Module (Conrad et al. 2015; Selvam et al.
2015).

Results and discussion

Geophysics

Depth wise apparent resistivity was obtained by varying
spacing between 10 and 100 m, at an interval of 10 m
which is given in the Table 1. Low apparent resistivity
value is obtained from VES profile 5 followed by VES
nos. 2, 4, 1, and 3; high apparent resistivity is obtained
from profile 4 followed by VES nos. 5, 1, 3, and 2. The
order of mean apparent resistivity is 1 > 3 > 4 > 5 > 2.
Vertical electrical cross section of the VES profiles is
shown in Fig. 4. It clearly shows that the location 2 is
having more possibilities for potential groundwater zone
due to its low resistivity in deeper depths compared to
other profiles (Habberjam and Watkins 1967; Habberjam
1972, 1975, 1979; Ravindran 2012; Ravindran et al.
2018), whereas VES 1 and 4 are devising lesser

Table 4 Preference scale between two criteria as used in AHP (Saaty 1980)

Scale Degree of preference Explanation

1 Equally Two criteria contribute equally to the objective

3 Moderately Experience and judgment slightly-to-moderately favor one criterion over another

5 Strongly Experience and judgment strongly or essentially favor one criterion over another

7 Very strongly A criterion is strongly favored over another and its dominance is showed in practice

9 Extremely The evidence of favoring one criterion over another is of the highest degree possible of an affirmation

2, 4, 6, 8 Intermediate values Used to represent compromises between the preferences in weights 1, 3, 5, 7, and 9

1/any of the
scale value

Reciprocals of above
nonzero values

If criteria i has one of the above nonzero numbers assigned to it when compared with criteria j, then j has
the reciprocal value when compared with I and the degree of preferences will change according to the
value.

Table 5 Pairwise comparison
matrix of the eight iso-resistivity
layers

Layers Depth 1 Depth 2 Depth 3 Depth 4 Depth 5 Depth 6 Depth 7 Depth 8

Depth 1 1.000 0.333 0.200 0.200 0.143 0.143 0.111 0.111

Depth 2 3.000 1.000 0.333 0.333 0.200 0.143 0.143 0.111

Depth 3 5.000 3.000 1.000 0.333 0.200 0.200 0.143 0.143

Depth 4 5.000 3.000 3.000 1.000 0.333 0.333 0.200 0.200

Depth 5 7.000 5.000 5.000 3.000 1.000 0.333 0.200 0.143

Depth 6 7.000 7.000 5.000 3.000 3.000 1.000 0.333 0.200

Depth 7 9.000 7.000 7.000 5.000 5.000 3.000 1.000 0.200

Depth 8 9.000 9.000 7.000 5.000 7.000 5.000 5.000 1.000

Sum 46.000 35.333 28.533 17.867 16.876 10.152 7.130 2.108
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possibilities for groundwater as the higher resistivity en-
countered, which is due to the presence of massive rock
formations. Iso-resistivity maps illustrate the spatial dis-
tribution of apparent resistivity values noted at 10-m in-
tervals up to 80-m depth from the surface (Figs. 5 and 6).
The heterogeneity of the subsurface formations due to the
irregular weathering and fracturing results in the uneven
apparent resistivity for the layers that revealed in the iso-
resistivity maps.

Geochemistry

The groundwater analytical results are shown in the
Table 2, in which most of the parameters exceed the
WHO (2008) and BIS (2012) guideline values except pH,
SO4, and SiO2. Box and Whiskers plot (Fig. 7) show the
variable distribution within minima and maxima of the pa-
rameters. Significant positive correlation of r > 60 is found
between the parameters EC, TDS, TH, Ca, Cl, and SO4.

The T-Alk shows positive correlation of above 60 with
SiO2 in groundwater, whereas no mutual correlation was
recorded by pH and Fe with other parameters which reveal
that pH and Fe are independent (Table 3) . The spatial
distribution of the obtained results and the respective
reclassifed layers are shown in the Figs. 8 and 9.

Hydrogen ion activity (pH)

The regional distribution of groundwater pH is shown in
the Fig. 8 (pH). Groundwater pH varies between 6.5 and
8.4 with an average of 7.1, and it is having an increasing
trend in southern direction; it may be due to overpumping
from deeper aquifers tending to increase the influence of
the highly saturated groundwater. The maximum value of
pH 8.4 was recorded in the sample number 3, which did
not exceeded the WHO 2008 guideline value for drinking
water.

Table 6 The normalized
eigenvector for comparison
matrix of iso-resistivity layers

Layers Depth
1

Depth
2

Depth
3

Depth
4

Depth
5

Depth
6

Depth
7

Depth
8

Weights

Depth 1 0.022 0.009 0.007 0.011 0.008 0.014 0.016 0.053 0.018

Depth 2 0.065 0.028 0.012 0.019 0.012 0.014 0.020 0.053 0.028

Depth 3 0.109 0.085 0.035 0.019 0.012 0.020 0.020 0.068 0.046

Depth 4 0.109 0.085 0.105 0.056 0.020 0.033 0.028 0.095 0.066

Depth 5 0.152 0.142 0.175 0.168 0.059 0.033 0.028 0.068 0.103

Depth 6 0.152 0.198 0.175 0.168 0.178 0.098 0.047 0.095 0.139

Depth 7 0.196 0.198 0.245 0.280 0.296 0.295 0.140 0.095 0.218

Depth 8 0.196 0.255 0.245 0.280 0.415 0.492 0.701 0.474 0.382

Eigenvector 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000

Table 7 Pairwise comparison matrix of water quality parameters

Parameters pH EC TDS TH T-Alk Ca Cl SO4 Fe SiO2

pH 1.000 0.333 0.333 0.333 0.200 0.200 0.143 0.143 0.111 3.000

EC 3.000 1.000 1.000 0.333 0.333 0.333 0.200 0.143 0.111 3.000

TDS 3.000 1.000 1.000 0.333 0.333 0.200 0.200 0.143 0.111 3.000

TH 3.000 3.000 3.000 1.000 0.333 0.333 0.200 0.200 0.143 3.000

T-Alk 5.000 3.000 3.000 3.000 1.000 0.333 0.333 0.200 0.143 3.000

Ca 5.000 3.000 5.000 3.000 3.000 1.000 0.333 0.200 0.200 9.000

Cl 7.000 5.000 5.000 5.000 3.000 3.000 1.000 5.000 0.333 9.000

SO4 7.000 7.000 7.000 5.000 5.000 5.000 0.200 1.000 0.200 9.000

Fe 9.000 9.000 9.000 7.000 7.000 5.000 3.000 5.000 1.000 9.000

SiO2 0.333 0.333 0.333 0.333 0.333 0.111 0.111 0.111 0.111 1.000

Sum 43.333 32.667 34.667 25.333 20.533 15.511 5.721 12.140 2.463 52.000
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Electrical conductivity (EC)

The flow of electrical current through the water is based
on the salt content of the water, and the measurement of
the flowing current is denoted as electrical conductivity
(EC) of the water. In general, the higher the salt content,
the greater the flow of electrical current. EC is expressed
as μS/cm and is reciprocal of resistivity (R). Figure 8
(EC) shows the clear picture of the spatial distribution
of the EC value in the study area. The minimum, maxi-
mum, and mean EC values of the groundwater sample are
461, 2596, and 1294 μS/cm. The regional distribution of
EC is similar to that of TDS though both are interrelated
variables. Higher EC is found in the northern part; it may
be due to the rock water interaction which increases the
dissolved solid content in this region. Thirty-three percent
of the groundwater samples exceed the WHO 2008 guide-
line value of 1500 μS/cm for drinking purpose.

Total dissolved solids (TDS)

The TDS values are varying between 308 and 1741 ppm
with an average value of 867 ppm in the study area. The

WHO (2008) and (BIS 2012) permissible limits are 1000
and 2000 ppm, and the acceptable limit is 500 ppm for
drinking water. Groundwater samples of 10, 11, and 14
are measured as below 500 ppm for TDS, making them
suitable for drinking. The spatial distribution of TDS
concentration in groundwater is presented in Fig. 8
(TDS). The TDS is very high in the northeastern part,
and it may be due to the dissolution of the elements from
the aquifer media (Chidambaram et al. 2013).

Total alkalinity (T-Alk)

The alkalinity values range from 120 to 432 ppm with an
average value of 284 ppm. Carbonates, phosphates, and
hydroxides are the common materials present in water to
increase the alkalinity. Figure 8 (T-Alk) shows the spatial
pattern of the alkalinity values in which the northeast and
southwest parts recorded low alkalinity. Twenty to
200 ppm is the acceptable to permissible range for
alkalinity in drinking water as per WHO (2008) and BIS
(2012). Three samples (13, 14, and 15) fall under the per-
missible limit for total alkalinity.

Table 8 The normalized eigenvector for comparison matrix of spatial distribution layers

Parameters pH EC TDS TH T-
Alk

Ca Cl SO4 Fe SiO2 Weights

pH 0.023 0.010 0.010 0.013 0.010 0.013 0.025 0.012 0.045 0.058 0.022

EC 0.069 0.031 0.029 0.013 0.016 0.021 0.035 0.012 0.045 0.058 0.033

TDS 0.069 0.031 0.029 0.013 0.016 0.013 0.035 0.012 0.045 0.058 0.032

TH 0.069 0.092 0.087 0.039 0.016 0.021 0.035 0.016 0.058 0.058 0.049

T-Alk 0.115 0.092 0.087 0.118 0.049 0.021 0.058 0.016 0.058 0.058 0.067

Ca 0.115 0.092 0.144 0.118 0.146 0.064 0.058 0.016 0.081 0.173 0.101

Cl 0.162 0.153 0.144 0.197 0.146 0.193 0.175 0.412 0.135 0.173 0.189

SO4 0.162 0.214 0.202 0.197 0.244 0.322 0.035 0.082 0.081 0.173 0.171

Fe 0.208 0.276 0.260 0.276 0.341 0.322 0.524 0.412 0.406 0.173 0.320

SiO2 0.008 0.010 0.010 0.013 0.016 0.007 0.019 0.009 0.045 0.019 0.016

Eigenvector 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000

Table 9 The consistency evaluation of weights derived in AHP

Consistency evaluation Iso-resistivity layers Quality parameters

λmax ¼ ∑
n

i¼1
X i; j �Wi; j 8.046 11.331

Consistency index CIð Þ ¼ λ−n
n−1 0.007 0.148

Random index (RI) (by Saaty 1980) 1.41 (n = 8) 1.49 (n = 10)

Consistency ratio CRð Þ ¼ CI
RI 0.005 0.099

CR < 0.10 so the weights are consistent
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Total hardness (TH)

Total hardness (TH) of groundwater was calculated by TH
(ppm) = 2.497Ca + 4.115 mg (Sawyer and McCarty 1978).
So that the spatial pattern of TH values are almost similar to
the Ca spatial pattern. The hardness values range from 52 to
824 ppm with an average value of 375 ppm during water
hardness. The maximum tolerable limit of TH for drinking is
600 ppm, and the most desirable limit is 200 ppm as per the
BIS standard. Very hard category water is present in the north-
ern part of the study area (Fig. 8 (TH)).

Calcium (Ca)

Generally, in the Earth’s crust, many rock-forming min-
erals contain calcium as a major constituent; it is the most
abundant alkaline element in the Earth’s crust with ex-
treme mobility in hydrosphere. The groundwater calcium
is varied from 32 to 479 ppm, with an average of
227 ppm. From the spatial diagram (Fig. 8 (Ca)), it is
observed that the calcium concentration is high in the

northern part and has decreasing trend towards the south-
ern part which is due to the recharging water dissolving
the calcium-rich feldspars from the granitic rocks
(Chidambaram et al. 2013). All the groundwater samples
exceed the acceptable limit of 75 ppm (WHO 2008) ex-
cept sample no. 3, and 60% of them exceed the permissi-
ble limit of 200 ppm as per BIS (2012).

Chloride (Cl)

Chloride ion is a major dissolved anion of most natural
waters, though it is a minor constituent of the Earth’s
crust. The chloride concentration alone indicates the
quality of water primarily. Figure 8 (Cl) shows the
chloride’s spatial distribution pattern in this region,
and it varies from 17 to 319 ppm with an average value
of 149 ppm. It is observed that the chloride concentra-
tion is high in the northern part and low in the southern
part. Twenty-seven percent of the groundwater is unsuit-
able for drinking because it exceeds the WHO (2008)
guideline value of 250 ppm.

Table 10 Assigned weights for
the reclassified iso-resistivity
layers after AHP

Depth Range (Ωm) Score Weights Depth Range (Ωm) Score Weights

10 m 37–61 3 0.018 50 m 93–236 3 0.103
61–78 2 236–577 2

78–98 1 577–818 1

20 m 51–131 3 0.028 60 m 313–430 3 0.139
131–256 2 430–567 2

256–569 1 567–891 1

30 m 89–110 3 0.046 70 m 316–353 3 0.218
110–203 2 353–502 2

203–235 1 502–1151 1

40 m 55–216 3 0.066 80 m 365–478 3 0.382
216–320 2 578–606 2

320–346 1 606–941 1

Table 11 Assigned weights for
the reclassified spatial layers of
quality parameters after AHP

Parameters Range Boolean
logic

Weights Parameters Range Boolean
logic

Weights

pH 6.5–8 0 0.022 Ca 32–200 0 0.101
8–8.5 1 200–480 1

EC 461–1500 0 0.033 Cl 17–200 0 0.189
1500–2600 1 200–320 1

TDS 308–1000 0 0.032 SO4 10–80 0 0.171
1000–1800 1 80–106 1

TH 52–200 0 0.049 Fe 0.06–0.3 0 0.32
200–825 1 0.3–0.72 1

T-Alk 120–200 0 0.067 SiO2 6–30 0 0.016
200–432 1 30–116 1
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Sulfate (SO4)

Sulfate concentration varies from 10 to 106 ppm, with an
average value of 50 ppm in groundwater of this area. The
spatial variation of sulfate concentration in this area is influ-
enced by the cultivation pattern. Figure 8 (SO4) shows that the

higher concentration of sulfate is observed in the northern and
southeastern parts and small pockets of low sulfate regions are
also observed in the central, southern, and western parts.
However, the SO4 concentration does not exceed the WHO
(2008) and BIS (2012) acceptable limit of 200 ppm for drink-
ing water quality.

Fig. 4 Vertical cross section of the electrical sounding

Fig. 5 Depth wise iso-resistivity maps (10 m, 20 m, 30 m, 40, 50 m, 60 m, 70 m, and 80 m) for the study area at 10-m interval
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Iron (Fe)

Iron is the most copious transition element in the Earth’s
crust and is also probably the most well-known metal in
biologic systems. The concentration of total Fe varied
between 0.061 and 0.72 ppm with a mean concentration
of 0.29 ppm. Spatial distribution (Fig. 8 (Fe)) illustrated

in the west to northwestern parts of the study area re-
corded higher values. Moderately significant values are
observed in the central part and low values observed in
the southern part of the study area. The BIS (2012)
guideline value of Fe for drinking water is 0.3 ppm
which makes 40% of groundwater samples as contami-
nated by Fe.

Fig. 6 Reclassified iso-resistivity layers

Fig. 7 The plot shows the box
and whisker of the analytical
results
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Silica (SiO2)

The total silicate concentration varied between 6 and
116 ppm with a mean of 67 ppm. The samples 2, 4, 5,
and 6 (Fig. 8 (SiO2)) of the study area recorded higher
SiO2 concentration of above 100 ppm; however, there is
no threshold value for SiO2 as per the WHO (2008) and
BIS (2012) drinking water guidelines.

Analytical hierarchy process

The iso-resistivity and spatial distribution maps were
reclassified based on the desired apparent resistivity
values and WHO and BIS guideline values as shown in
the Tables 10 and 11 with assigned weights for each lay-
er. Relatively low apparent resistivity values are desired
for the identification of groundwater potential zones.
Accordingly, acceptable limits of each parameter are

Fig. 8 Spatial distribution of pH, EC, TDS, TH, T-Alk, Ca, Cl, SO4, Fe, and SiO2

Fig. 9 Reclassified layers of pH, EC, TDS, TH, T-Alk, Ca, Cl, SO4, Fe, and SiO2 based on guideline values
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proposed by the WHO and BIS as potable water guideline
values were taken as desirable values for potable ground-
water zone identification. In order to assign the weightage
to each reclassified layer, the AHP was done with the help
of pairwise comparison matrix (Tables 4, 5, and 7) and
the consistency ratios for assigned weights are maintained
as below 0.1 (Table 9) (Saaty 1980). The normalized ei-
genvector for comparison matrix of iso-resistivity and spatial
distribution layer are given in the Tables 6 and 8. The resulting

maps of potable and potential groundwater zones are shown in
Figs. 10a, b, in which 23% of the northern part is denoted by
non-potable groundwater and 12.3% of south to western
stretch is poor potential groundwater zone in the total study
area. These maps were combined to create the potable ground-
water potential zone map (Fig. 11a) using a combine grid tool
in the integrated saga module of Qgis, and the zonal statistics
were illustrated as pie chart (Fig. 11b) and tabulated in
Table 12.

a b
Fig. 10 a Map showing the
potable groundwater zone. bMap
showing the groundwater
potential zone

0.16%
22.42%

0.5%

12.21%
51.33%

13.38%

Non-Potable and Poor Potential

Non-Potable and Moderate Potential

Non-Potable and Good Potential

Potable and Poor Potential

Potable and Moderate Potential

Potable and Good Potential

a bFig. 11 a Map showing the
potable groundwater potential
zone. b Pie chart showing the
percentage of all the classified
zones in the study area

Page 13 of 15     866Arab J Geosci (2020) 13: 866



Conclusion

The relatively low apparent resistivity values obtained from
the study area reveals the saturation condition of subsurface
rock formation, and it lead to the identification of ground-
water potential regions. The northeastern part is having
good potential, whereas west to south are having poor po-
tential and all other regions found moderate potential. The
good potential zone is about 14% and poor potential zone is
about 12% in the total study area, the remaining 74% is
having moderate potential for groundwater. In many
groundwater samples, the physicochemical parameters such
as EC, TDS, TH, T-Alk, Ca, Cl, and Fe values exceeded the
guideline values proposed by WHO and BIS for drinking.
However, pH and SO4 are found to be within the limits. The
overall potable zone map shows that the 23% in northern
part is unsuitable for drinking and 77% of all other parts are
holding potable groundwater. The AHP was successfully
employed for the geophysical and geochemical data to iden-
tify the potable groundwater potential zone. The combined
analysis of AHP layers shows that 51.33% fall in potable
groundwater with moderate potential, 22.42% of non-
potable groundwater with moderate potential, and 13.38%
of potable groundwater with good potential. Poor potential
with non-potable groundwater zone is found in the central
part of the study area, and it is about 0.16% of the total area.
Non-potable with good potential area is about 0.5%, which
is found in the northwestern part of the study area.
Rainwater harvesting and artificial recharging of groundwa-
ter must be implemented in the poor potential zones and
non-potable regions to improve the water level and water
quality for the sustainable development of the study area.
This new comprehensive method using AHP is able to re-
duce the uncertainties in the identification of potable
groundwater potential zones in complex geological regions.
This methodology can be adopted further with different
combination of remote sensing layers to precisely identify
potable as well as potential groundwater zone in regional
and local scale. GIS enabled with AHP is a great advance in
hydrogeological studies which reduces the difficulty of
problems faced by the researchers all over the world.
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