
Vol.:(0123456789)1 3

Applied Water Science (2021) 11:20 
https://doi.org/10.1007/s13201-021-01361-0

ORIGINAL ARTICLE

Hydrogeochemical status and geoelectrical characteristics 
of the shallow aquifers of Kalanad Basin, Kasaragod, Kerala, India

S. Anoop1  · C. Ashwathi1 · V. Haritha Baburaj1 · Resma S. Pillai2

Received: 24 June 2020 / Accepted: 6 January 2021 / Published online: 17 January 2021 
© The Author(s) 2021

Abstract
Groundwater demand has increased due to overpopulation and intensive irrigation which resulted in decline of water resources 
and deterioration of water quality. In this view, a microlevel study was conducted through hydrogeochemical investigation 
and resistivity survey (VES) in Kalanad river basin, Kasaragod, Kerala. The study aims to determine the spatial variations in 
physicochemical parameters with delineation of geological layers of the study area through VES. Hydrogeochemical investi-
gation and water suitability assessment for drinking and irrigation purposes were confined to open well water samples of the 
study area. The sample analysis and comparison with various standards (WHO and BIS) show that the groundwater is not 
entirely fit for drinking with respect to pH. Almost all samples fall within standard values as per the irrigation water quality 
indices. The chemical nature of the groundwater samples was dominated by alkalies and majority of the samples belonged to 
sodium chloride type. This study also dealt with the interpretation of hydrogeochemical data using correlation and R mode 
factor analyses. VES was carried out at seven locations, and the apparent resistivity values obtained had been analysed. The 
interpretation delineated a maximum of four geologic layers in the study area. The sequence of geologic formation is com-
posed of highly resistive top lateritic soil followed by saturated zone and then the basement topography in the entire basin.
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Introduction

Water is the basis of life and it strikes on all themes of the 
agenda for development. The need for adequate fresh water 
resources is not only important for human existence, but also 
for the maintenance and sustainability of natural ecologi-
cal systems. The quality of groundwater is as important as 
its quantity considering the suitability of water for various 
purposes (Kumar et al. 2009; Subramani et al. 2005). The 

industrial and agricultural pollutions due to anthropogenic 
disturbances, overconsumption and urbanization deteriorate 
the groundwater and make the water not suitable for any 
purposes (Carpenter et al. 1998; Jarvie et al.1998; Simeonov 
et al. 2003). Due to growing population, many parts of India 
are already facing acute water scarcity. India’s water qual-
ity per capita has declined fourfold over the past 100 years, 
while it has declined fivefold for Kerala (Basak 1992). Even 
though the Kerala state receives copious amount of 3100 mm 
of rainfall annually which is 2.8 times of the national aver-
age, the per capita availability of freshwater in the state is 
one of the lowest among the other states of India.

Water chemistry is an important aspect to be considered 
prior to its use for domestic, irrigation and industrial pur-
poses. Groundwater quality data cast light on the geological 
past and give clues on groundwater recharge, discharge and 
storage (Walton 1970). Several factors such as climate, soil, 
circulation of groundwater through rock types and saline 
water intrusion influence the quality of groundwater. In 
nature, the occurrence of chemically pure water for an appre-
ciable length of time is not possible. Suitability of ground-
water for domestic and irrigation purposes is determined by 
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its groundwater geochemistry. The groundwater moves very 
slowly, compared to surface water, through the pore spaces 
in the surrounding country rocks. Thus, it gets more resi-
dence time and as a result of the interaction of the groundwa-
ter with the wall rocks, more ions will be dissolved into the 
groundwater. Unlike surface water bodies, if groundwater 
body is once contaminated, it will remain as it is for a long 
time (up to tens of hundreds of years) due to the very slow 
natural processing of the flushing. The suitability of natural 
water for a particular purpose is based on the criteria of 
acceptable quality for that use. Hence, the quality criteria for 
drinking water, industrial water and irrigation water differ 
widely. Numerous studies were attempted earlier to evaluate 
the ground water quality in various parts of India (Prasanna 
et al. 2011; Sreedevi 2004; Brinda et al. 2014; Balwant et al. 
2016;). Exploration of groundwater and groundwater quality 
assessment by using geophysical techniques has been done 
widely. Electrical resistivity method is most commonly used 
in groundwater exploration. The resistivity methods can be 
used to estimate the thickness and electrical nature of the 
formation, which provides valuable knowledge about the 
groundwater potentialities (Griffith and King 1965; Parasins 
1966 and Balakrishna1980). It also enables to identify and 
delineate fresh water and saline water zones.

The present study is carried out in a small watershed in 
the northern coastal region of Kerala state. The main objec-
tives of the study are to assess the suitability of ground-
water for domestic and irrigational purposes by means of 
hydrogeochemical analyses and to recognise the subsurface 
structure of the basin using geoelctrical surveying. Results 
of hydrogeochemical studies were used to assess the domes-
tic and irrigational suitability of groundwater by comparing 
with various standards (BIS and WHO) and some param-
eters. The water chemistry data were also subjected to vari-
ous analyses (Hill-Piper diagram and statistical analyses) 
to find out the intrinsic relationship among variables and 
hydrogeochemical characteristics of the study area.

Materials and methods

Study area

The study area is Kalanad river basin, and it falls within the 
western part of the Kasaragod district of Kerala state. It lies 
between longitude  74059′58.577″E to  75003′40.973″E and 
latitude  12025′37.315″N to  12028′55.128″N (Fig. 1). The 
river has a total length of 7.282 km, and the watershed has 
a total areal extend of 15.96 Sq.km. The crystalline rocks of 
Archaean age forms the basement rock and its exposures are 
limited to the shore line cliffs. Charnockite and gneiss are the 
major crystalline rocks present in the area in which gneiss 
is the major lithounit. Gneiss is of granitic composition and 

is foliated. Charnockites are seen as fractureless and non-
foliated, and they represent granulite facies rocks of the area. 
Both of these crystalline rocks are extensively lateritised, 
and almost entire area is covered by laterite and alluvium. 
The tertiary sedimentary rocks of sandstone and clay with 
lignite intercalations and quaternary deposits of coastal sand 
and alluvium are the other major lithounits.

Groundwater chemistry and quality

Water quality is an important characteristic of any hydro-
geological studies. The chemical quality of groundwater of 
an area depends on various parameters like geology, geo-
morphology, structural and agricultural activities (Vijaya-
kumar et al. 2015). Properties such as amount of ground-
water recharge, its mixing range, the circulation pathway, 
groundwater residence time and its temperature at depth can 
be evaluated using hydrochemical data (Edmunds 1994). In 
the present study, groundwater samples were carefully col-
lected from the 16 representative open wells during Janu-
ary 2019. Water samples were collected in one litre capac-
ity polyethene bottles which were pre cleaned, sterilized 
as per the standard sampling procedures. After carefully 
sealed and labelled, the samples were taken for analyses. 
The locations of water sample collection in the study area 
are shown in Fig. 1.The collected samples were analysed in 
the chemical laboratory, Department of Geology, University 
of Kerala. The parameters like electrical conductivity (EC) 
and hydrogen concentration (pH) were measured in the field 
at the time of sampling. All samples were chemically ana-
lysed according to the standard procedures prescribed by 
APHA (1998) and Trivedi and Goel (1986) for evaluating 
their chemical constituents. Using the standards specified 
by BIS (2012) and WHO (2004), the estimated values of 
the major cations, anions, pH, EC and TDS were compared. 
The estimation methods of each chemical constituent are 
given in the Table 1.

Irrigational quality of ground water

The suitability of water for irrigation purposes depends 
on numerous chemical constituents. Sodium adsorption 
ratio (SAR), residual sodium carbonate (RSC) and percent 
sodium are the common parameters for evaluating water 
quality for irrigation purposes. Using sodium adsorption 
ratio (SAR), the concentration of sodium  Na+,  Ca2+ and 
 Mg2+ in the water samples can be studied. Excess sodium 
in water results in change of soil properties and reduction 
in soil permeability (Kelley 1951). Based on SAR values, 
water can be classified four classes such as excellent, good, 
fair and poor (Richards 1954).

Residual Sodium Carbonate is defined as
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where the ionic concentration is in meq/L.

RSC =

[

CO−

3
+ HCO−

3

]

−

[

Ca2+ + Mg2+
] If carbonate and bicarbonate concentration exceeds the 

permissible limits, and is in excess compared to the alkaline 
earths mainly calcium and magnesium, it adversely affects 

Fig. 1  Location map of the study area
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agriculture (Eaton 1950, and Richards 1954). A negative 
RSC indicates that sodium build-up is not likely to occur 
whereas the positive RSC suggest that sodium build-up in 
the soil is possible. The water is unsuitable for irrigation if 
the RSC exceeds 2.5 meq/L, if RSC value range between 
1.25 and 2.5 meq/L, then the water is of marginal quality, 
and the water is suitable for irrigation only if RSC is < 1.25 
(Lloyd and Heathcote 1985). According to Richards (1954), 
irrigation water can be classified into three categories based 
on RSC values.

Percent sodium content is an important parameter to eval-
uate the suitability of water for agricultural purposes (Wil-
cox 1948). It is important because sodium reacts with the 
soil to reduce its permeability. For agricultural purposes, a 
maximum of 60% sodium in groundwater can be used (Ram-
akrishna 1998). Based on the percent sodium, Wilcox (1995) 
classified irrigation water into different categories such as 
‘excellent’ (< 20 Na%), ‘good’ (20–40 Na%), ‘permissible’ 
(40–60 Na%), ‘doubtful’ (60–80 Na%) and ‘unsuitable’ 
(Na% > than 80%).

Hill‑piper diagram

The trilinear diagram has been used extensively in under-
standing hydrochemical characteristic of groundwater. Tri-
linear diagram was first attempted by Hill (1940) and refined 
by Piper (1944) to describe water chemistry. Piper diagram 
was structured in such a pattern that milliequivalent percent-
ages of cations and anions are plotted on the left triangle and 
the right triangle, respectively. Total cations and total anions 
are each considered as 100 percentages. To get the overall 
character of the water, these plotted points in the triangular 
fields are projected further into the central diamond field. To 
analyse the similarities and differences in the composition 
of water and to group them into different chemical types, the 
piper diagram has been widely used. Hydrochemical facies 
was extensively used in the chemical assessment of ground-
water, and its concept is to identify the water composition 
in different classes. It provides information on the chemical 
quality of water and its origin. Back and co-workers (1965) 
suggested subdivisions of the trilinear diagram to define 
composition class.

Statistical analyses

For statistical analyses, hydrogeochemical data were ana-
lysed and interpreted using correlation and R mode factor 
analyses. Correlation analysis was performed in order to 
establish the associations among the various geochemical 
constituents. The end product of correlation analysis is cor-
relation coefficient “r”, and it is a numerical value range 
between + 1 and − 1. A correlation coefficient r equal to + 1 
indicates variable with a perfect linear relationship in a posi-
tive manner, the value of r equal to – 1 reflects a negative 
linear relationship among variables and condition where 
r equals zero, it reflects a nonlinear relationship between 
variables. Factor analysis was put in to understand the water 
chemistry characteristics that caused most of the variability 
within the dataset. It is a major tool to explain the simi-
larities among variables. Extraction of the eigen values and 
the eigen vectors from the matrix of correlations or covari-
ances is the process done in factor analysis (Davis 1973). 
A small number of factors can give the same amount of 
information as larger set of original observations since the 
factors reduces the overall complexity of the data by tak-
ing advantages of inherent interdependencies. Here R-mode 
factor analysis was done for hydrochemical data to reduce 
the number of variables. Principle component analysis is a 
statistical method where original data are changed to a form 
and can be evaluated in Euclidean space (Joliffe 2002). Vari-
max rotation is followed for principal component analysis, 
and the data interpretation was done by analysing the fac-
tors and its rotated loadings. Kaiser normalization consider 
only factor with eigen values greater than 1 for interpretation 
(Kaiser 1960).

Geoelectrical surveying

The applications of geophysical methods in the exploration 
of groundwater have been explained and reviewed by a num-
ber of workers (Zohdy et aI. 1974; Beeson and Jones 1988; 
Ward 1990; deStadelhofen 1994). One of the most important 
geophysical methods applied in groundwater exploration is 
geoelectrical prospecting. Electrical resistivity methods are 
widely employed for both regional and detailed surveys of 
groundwater exploration because of their greater resolving 
powers, low expense and wide range of field applicabil-
ity (Chandra and Athavale 1979; Chandrasekhran 1988). 
Electrical resistivity technique is basically the response of 
the earth to flow of electric current. In general the depth of 
investigation of resistivity survey is directly proportional to 
the electrode spacing (Bhattacharya and Patra 1968; Zohdy 
et al. 1974; Koefoed 1979). The resistivity of a rock unit 
mainly depends on its mineral composition and intersti-
tial water. Vertical electronic sounding (VES) is employed 
to obtain information of the layers of the subsurface. For 

Table 1  Estimation method used for different parameters

Parameters Estimation method

pH, EC, TDS Portable Water Analyser
Nitrate and Sulphate Double beam UV–VIS

Spectrophotometer
Calcim, Magnesium,
Bicarbonate, Chloride

Titration

Sodium, Pottassium Flame photometer
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the present study, seven soundings were carried out using 
Schlumberger configuration and analysed. In the surveys, the 
minimum and maximum values of current electrode separa-
tion (AB/2) are 2 to 90 m. Data of 7 VES of the study area 
were interpreted qualitatively and quantitatively to attain 
multi-layered resistivity profiles. The apparent resistivity 
and AB/2 values were plotted on double-log sheet in IPI-
2Win software (Moscow State University). Model for the 
layered resistivity is obtained in IPI2 Win, and it interprets 
different resistivity layers. The apparent resistivity, thickness 
and depth to layer interface were estimated from the layered 
resistivity model. Depth-wise isoresistivity maps were gen-
erated using QGIS for qualitative interpretation by using the 
apparent resistivity data at different depths obtained directly 
from VES.

Results and discussions

Suitability of water for domestic purposes

The results of the chemical analyses of water samples are 
given in Tables 2 and 3. These results were summarized 
and compared with the standard guideline values as recom-
mended by the WHO(World Health Organization) and BIS 
(Bureau of Indian Standards) for drinking and public health 
purposes. The results show that all parameters fall within 
the permissible limits defined by BIS (2012) and WHO 
(2004) except pH. pH is the logarithm of the reciprocal of 
the hydrogen ion concentration, which expresses the scale 
of intensity of acidity or alkalinity of water. In the present 
study, pH of open well water samples varies from 5 to 6.68 
with a mean of 5.78 which shows the general acidic trend 

of groundwater in the area. The spatial variation of pH is 
shown in Fig. 2 and it shows that more than 90% of the area 
is having a pH value of less than 6.

Suitability of water for irrigation

The chemistry and quality of groundwater plays a vital role 
in determining its use for agricultural purposes. The suitabil-
ity of water for irrigation mainly depends on the response 
of plants and soil to the effects of mineral constituents in 
water (Hill 1942; Anon 1946). In addition to chemical qual-
ity of water, utilization of groundwater for irrigation pur-
pose also relies on many factors such as climate, soil texture 
and composition type of crop and irrigation practices. The 

Table 2  Results of the chemical 
analysis ( All values are in 
ppm except pH and EC)EC is 
expressed in μS/cm

Location No pH EC TDS HCO3 Cl TH Ca Mg Na K SO4 NO3

1 5.29 109.3 56.39 16 25.8 82 13.4 1.5 20.2 0.95 2.24 2.64
2 5.01 242.4 24.8 8 73.44 42 32 2.2 44.1 1.75 1.42 1.12
3 5.45 99.38 54.14 12 25.8 42 12.4 1.8 17.9 1.5 3.81 3.6
4 5.56 91.93 50.69 8 21.84 38 9.6 0.9 14.7 0.67 4.62 1.5
5 5.13 81.08 45.7 8 23.82 24 11.8 0.7 18.4 0.88 0.92 0.8
6 5.94 51.58 32.49 24 15.88 22 4 2.1 7.2 0.31 1.81 0.6
7 6.22 54.26 33.67 12 21.84 48 6.6 1.9 9.4 0.55 4.92 0.9
8 6.48 41.13 27.93 36 19.85 38 4.8 3.3 8.3 0.51 3.11 0.45
9 6.68 159.8 82.88 80 21.84 66 21.6 4.2 11.5 1.12 2.78 1.63
10 5.75 64.35 38.12 36 2.84 26 7.3 0.6 10.5 0.62 6.79 0.81
11 6.01 30.41 23.37 20 17.86 20 2.9 1.2 4 0.3 7.66 2.21
12 5.63 36.69 8.65 28 21.84 24 3.8 1.26 6.4 0.22 7.01 1.43
13 6.44 1075 555.8 80 291.8 138 107.2 12.1 173 7.73 9.25 3.76
14 5.94 69.07 40.22 20 25.8 12 7.7 1.26 12.4 0.41 7.01 1.97
15 5.9 108.6 55.77 24 35.73 36 24.3 2.1 39.6 1.12 6.02 1.86
16 5 56.82 29.26 8 25.8 14 6.8 0.34 10.8 0.24 5.55 2.21

Table 3  Mean and range values of physicochemical parameters(All 
values are in ppm except pH and EC)EC is expressed in μS/cm

Parameter Range

Minimum Maximum Mean

pH 5 6.68 5.78
EC 30.41 1075 148.24
TDS 8.65 555.8 72.49
Alkalinity 8 80 26.25
Cl 2.84 291.8 41.99
TH 12 138 42
Ca 2.9 107.2 17.26
Mg 0.34 12.11 2.34
Na 4 173 25.53
K 0.22 7.73 1.18
Sulphate 0.92 9.25 4.68
Nitrate 0.45 3.76 1.72
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major parameters applied in the present study to determine 
the suitability of water for irrigation are sodium adsorption 
ratio (SAR), sodium percentage and residual sodium car-
bonate. SAR is the ratio between sodium with respect to 
calcium and magnesium (Iqbal et al. 2012; Haritash et al. 
2014; Sridharan and Senthil Nathan 2017). According to 
the SAR values, the groundwater resources of the study area 
comes under the excellent category for irrigation purpose as 
all of the samples have SAR values less than 10 (Table 4). 
RSC index is generally used to establish the groundwater 
suitability for agricultural purposes in the case of clayey 
soil. The RSC values of the samples range from 0.176 meq/1 
to − 5.03 meq/1. All the well samples are categorized under 
the good category of RSC values (Table 5). In the case of 
sodium percentage index, except location no.9, all other 

values mostly come in permissible range indicating that the 
open well water is good for irrigation purpose (Table 6). 
High content of sodium in irrigation water may bring about 
the exchange of sodium in water for calcium and magnesium 
ions, which will lead to the reduction in the internal drain-
age capacity of the soil (Collins and Jenkins 1996; Singh 
et al.2013).

Fig. 2  Spatial variation of pH in the Kalanad basin

Table 4  Suitability of groundwater for irrigation purpose based on 
SAR (Richards 1954) in the Bekal watershed areas

Range of values Water class No. of sam-
ples

Percentage

< 10 Excellent 16 100
10–18 Good – –
18–26 Fair – –
> 26 Poor – –

Table 5  Classification based on RSC values (Richards 1954)

RSC values Category No. of samples Percentage

 < 1.25 Good 16 100
1.25–2.5 Medium – –
 > 2.5 Bad – –

Table 6  Suitability of groundwater for irrigation purpose based on 
sodium percent (Wilcox 1955)

Na% Quality No. of samples Percentage

0–20 Excellent – –
20–40 Good 1 6.25
40–60 Permissible 15 93.75
60–80 Doubtful – –
> 80 Unsuitable – –
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Hill‑piper diagram

A piper diagram was created using the analytical data from 
the study area. The diagram shows the intrinsic chemical 
relationship between the groundwater samples. Hydrochem-
ical facies analysis is a valuable tool for establishing the 
chemical evolution of groundwater masses (Srinivasamoor-
thy et al. 2010). In majority of the samples (10 numbers), 
alkalies exceed the alkaline earths with respect to relative 
abundance of cations. Basically, the sample plots in the piper 
diagram can be classified into 6 fields such as Ca-HCO3 
type, Na-Cl type, Ca–Mg–Cl type, Ca-Na-HCO3 type, Ca–Cl 
type and Na-  HCO3 type (Fig. 3). In the study area, most 
of them are chloride type (13 samples), and the remaining 
three are bicarbonate type among the anionic species, which 
means strong acids exceeds exceed weak acids when con-
sidering the relative abundance of anions. Evaluation of the 

water types using piper plot suggests that nine samples are 
sodium chloride type (non-carbonate alkali exceeds 50%), 
six samples are confined to Mixed type (no cation and anion 
pairs exceeds 50%), and the remaining one belongs to Mag-
nesium bicarbonate type (carbonate hardness exceeds 50%). 
The dominance of sodium ion in the water samples of the 
study area suggests the influence of nearby sea or the weath-
ering of sodium bearing minerals or some cation exchange 
processes and agricultural activities.

Statistical analyses

In the present study, hydrogeochemical data were analysed 
and interpreted using correlation analysis and R mode fac-
tor analyses. Correlation analyses of the physicochemical 
parameters of the samples were carried out to understand the 
relationship between various parameters, and the analyses 

Fig. 3  Piper trilinear diagram for the groundwater samples of the study area
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show strong correlations among some variables. The corre-
lation matrix of the chemical parameters in the groundwater 
samples of the study area is shown in the Table 7. Electri-
cal conductivity (EC) and total dissolved solids(TDS) have 
strong significant positive correlation with all other param-
eters except sulphate and nitrate. It reflects their discrete 
sources with respect to other ions. The source of sulphate 
and nitrate may be from fertilizers and biological origin, 
respectively. pH shows a strong correlation with alkalinity 
of bicarbonate type only. Total hardness indicates a stronger 
positive correlation with chloride when compared with 
bicarbonate which may indicate the dominant permanent 
hardness of the water.

Major components which account for 93% of total vari-
ance is extracted by R mode factor analysis (Table 8 and 
9). Factor 1 attributes 72% of the variance which is charac-
terised by very high loadings of EC, TDS, total hardness, 
calcium, magnesium, sodium, potassium and nitrate. It can 
be inferred that the factor 1 denotes TDS and permanent 

Table 7  Statistical correlation 
between parameters

pH EC TDS Alkalinity Cl TH Ca Mg Na K SO4 NO3

pH 1.00
EC .280 1.00
TDS .365 .980 1.00
Alkalinity .749 .627 .666 1.00
Cl .246 .991 .966 .560 1.00
TH .360 .852 .850 .646 .812 1.00
Ca .260 .989 .957 .620 .979 .851 1.00
Mg .547 .941 .945 .780 .927 .867 .929 1.00
Na .218 .986 .961 .547 .988 .821 .989 .909 1.00
K .270 .992 .976 .605 .981 .862 .987 .936 .985 1.00
SO4 .329 .382 .446 .315 .409 .156 .345 .338 .391 .360 1.00
NO3 -.034 .552 .578 .231 .550 .547 .548 .466 .552 .589 .433 1.00

Table 8  Total variance explained from R mode Factor analysis

Component Initial eigenvalues Extraction sums of squared loadings Rotation sums of squared loadings

Total % of Variance Cumulative % Total % of Variance Cumulative % Total % of Variance Cumulative %

1 8.659 72.159 72.159 8.659 72.159 72.159 7.470 62.252 62.252
2 1.456 12.137 84.296 1.456 12.137 84.296 2.118 17.649 79.900
3 1.004 8.365 92.661 1.004 8.365 92.661 1.531 12.760 92.661
4 .514 4.279 96.940
5 .176 1.464 98.405
6 .119 .990 99.395
7 .035 .288 99.683
8 .022 .187 99.870
9 .008 .068 99.938
10 .006 .051 99.989
11 .001 .006 99.996
12 .000 .004 100.000

Table 9  Rotated component 
matrix (R mode factor analysis)

Component

1 2 3

pH .096 .957 .104
EC .953 .189 .204
TDS .910 .263 .273
Alkalinity .493 .787 .081
Cl .942 .142 .238
TH .877 .261 .004
Ca .958 .170 .172
Mg .872 .455 .125
Na .951 .114 .223
K .960 .162 .201
SO4 .129 .262 .923
NO3 .551 -.213 .595
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hardness of the water. The second factor which accounts for 
12% of variance and characterised by very high loadings of 
pH and total alkalinity. Third factor with 8% of variance has 
high loadings of sulphate and nitrate which indicates the 
discrete sources for these ions.

Geoelectrical surveying

The thickness of different layers and apparent resistiv-
ity values obtained from 7 VES stations along with curve 
types are given in Table 10. The shape of the VES curve 
is controlled by the nature and distribution of underlying 
formation i.e. the resistivity and thickness of layers. Out 
of total seven locations, five locations depict four-layered 
structure in which three points show KH type, and two show 
QH type. Two of the remaining soundings of Kalanad river 
basin curves are three layered and gives Q and H type. The 
occurrence KH type curve (43%) reveals the presence of 
highly resistive top lateritic soil followed by saturated zone 
and the basement topography in the entire basin. Additional 
indication of a top resistive layer is from wide spread dis-
tribution of different combinations of H types. Therefore, 
it is anticipated here that the water-saturated zone is over-
lained by a top hard layer and underlained by another resis-
tive layer possibly the basement. Among the three-layered 
curves, Q type gives low resistivity which suggests a high 
groundwater potential or the coastal areas where saline water 
prevail. Generally, ‘H’ type curves are attained in hard rock 
terrain consisting of dry top soil of high resistivity followed 
by either a water saturated or weathered layer of low resis-
tivity and then a compact hard rock of very high resistivity. 
According to the present study, Q type is seen in the coastal 
area and the H type in the hard rock terrain.

Resistivity and thickness of layers

Spatial variation maps showing thickness and resistivity of 
geoelectrical layers were prepared. Resistivity of first layer 
(Fig. 4) ranges from 3.957 ohmm (VES location V4) to 798 
ohmm (VES location V7). The spatial variation of first layer 

resistivity suggests high resistivity value in the eastern side 
of the basin, whereas resistivity value decreases towards the 
coastal side. Thickness of first layer is varying from 1.9 m in 
VES location V1 to 12.6 m in VES location V7 (Fig. 5). The 
maximum thickness of first layer is encountered in the north-
eastern part of the study area. Resistivity of second layer 
(Fig. 6) varies from 3.96 ohmm (VES location V2) to 1355 
ohmm(VES location V7), and the second layer thickness 
(Fig. 7) ranges from 3.69 m (VES location V1) to 35.4 m 
(VES location V7).The maximum thickness of second layer 
is found in the coastal areas. The areas showing relatively 
higher values for second layer resistivity and thickness sug-
gest the presence of a thick unsaturated layer below the 
surface which may be laterite. The resistivity of third layer 
(Fig. 8) is ranging from 0.296 ohmm (VES location V1) to 
842 ohmm (VES location V7). In spatial variation map, the 
northeastern side shows high resistivity value for third layer 
which indicates the crystalline bedrocks in that area.

Depth wise isoresistivity

As reference to 5 m, l0 m, 15 m, 25 m, 30 m, 40 m, 60 m, 
70 m, 80 m and 90 m depths isoresistivity maps have been 
prepared, and it gives an idea about the underground struc-
ture and vertical changes in resistivity. In the central and 
southwest portions of the basin, isoresistivity at 10 m,15 m 
and 25 m depth shows low resistivity zones, hence these 
areas are good sites for constructing open wells (Figs. 9, 10 
and 11). Isoresistivity map at 70 m (Fig. 12) indicates the 
presence of a relatively high resistivity area which may be 
due to highly consolidated and compacted sedimentary beds.   

Conclusions

The outcome of the present study in the Kalanad basin is 
given below. Comparisons of various physicochemical 
parameters of the water samples with BIS and WHO stand-
ards show that almost all parameters fall within the maxi-
mum permissible limit. Also, it has been observed that most 
regions in the study area have low pH. The low pH of the 

Table 10  Vertical electrical 
sounding (VES) results of 
Kalanad river basin (Processed 
by IPI2 win)

Location no: Layer Thickness (m) Apparent Resistivity (ohmm) Curve type

h 1 h 2 h 3 h4 ρ1 ρ2 ρ3 ρ4

V1 2.53 5.02 27 148 897 261.1 8631 KH type
V2 4.74 4.17 12.3 164 545 13.3 3188 KH type
V3 3.65 3.69 9.95 306 1355 3.48 2956 KH type
V4 2.99 35.4 3.957 113 0.296 Q type
V5 1.92 26.5 17.1 744 79.2 10.3 2252 QH type
V6 12.6 20.2 303 3.96 842 H type
V7 1.9 25.9 17 798 83.7 9.93 3600 QH type
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well samples can be attributed to the laterite in the study 
area as it has the capacity to generate acidity and utilize 
most of the dissolved oxygen in the water that infiltrates 

into the subsurface. The acidic and corrosive nature of low 
pH (< 6.5) water results in leaching of metal ions such as 
iron, manganese, copper, lead, and zinc from the aquifer 

Fig. 4  Spatial variation map of first layer apparent resistivity (ohmm)

Fig. 5  Spatial variation thickness map of first layer (m)
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and pipings. It can also cause many health problems such as 
stomach pain, ulcers, and hyper acidity. All water samples 
satisfy the various permissible standard values as per the 
irrigation water quality indices. The Percent sodium index 
parameter shows most of the water samples are found within 
the permissible range for irrigation purpose. All the water 
samples are found excellent for irrigation purposes as per 

the Sodium Adsorption Ratio and Residual Sodium Carbon-
ate. The hydrogeochemical facies plot with piper trilinear 
diagram reveals that in majority of the samples, alkalies 
exceed alkaline earths, and also most of the samples belong 
to sodium chloride type which indicate the chances for saline 
water intrusion in coming years in the coastal area. Cor-
relation analysis and third factor of R mode factor analysis 

Fig. 6  Spatial variation mapof second layer apparent resistivity(ohmm)

Fig. 7  Spatial variation map of thickness of second layer
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Fig. 8  Spatial variation map of third layer apparent resistivity(ohmm)

Fig. 9  Isoresistivity at 10 m depth of Kalanad river basin(ohmm)
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Fig. 10  Isoresistivity at 15 m depth of Kalanad river basin(ohmm)

Fig. 11  Isoresistivity at 25 m depth of Kalanad river basin(ohmm)
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indicated that sulphate and nitrate have different sources 
when compared with other ions. R mode factor analysis 
extracted three major components which constitute for 93% 
of total variance. Out of which, factor 1 having 72% of the 
variance represents TDS and permanent hardness of the 
water. The second factor having 12% of variance denotes 
pH and total alkalinity content.

Resistivity data from seven locations are interpreted qual-
itatively and quantitatively. It revealed that five locations 
have four-layered resistivity profile in which three points 
show KH type and two points show QH type. The remain-
ing two soundings in Kalanad river basin curves are three 
layered which are Q and H type. The significant occurrence 
of typical KH type curve shows the presence of highly resis-
tive top lateritic soil followed by saturated zone and then the 
basement in the entire basin. The common occurrence of 
different combinations of H types is a clear indication of a 
top resistive layer. The areas having relatively higher resis-
tivity for second layer and high value for thickness suggest 
the presence of a thick unsaturated layer below the surface 
which can be laterite. In the northeastern side, there is high 
resistivity value for the third layer which indicates fracture-
less crystalline bedrocks in that area. The isoresistivity at 
10 m, 15 m and 25 m depth indicates low resistivity zones 
in the central and southwest portions of the basin which 
can be good sites for constructing open wells. Isoresistivity 
map at 70 m indicates the occurrence of a relatively high 

resistivity material near to the central portions of the study 
area which may be the highly consolidated and compacted 
sedimentary beds.
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