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Abstract: Groundwater is acknowledged to be a reliable source for agronomic activities in arid and semi-arid
regions. An appraisal of the suitability of groundwater for cultivating usage was done on the Tiruchengode
block,  (262.40  sq.  kms), Namakkal District, Tamilnadu, where agriculture is the dominant economic activity.
This study created a GIS based model to evaluate groundwater quality in the hard-rock area of Southern India
based on its hydrochemical characteristics. Seventy five groundwater samples were collected from the study
region through the wet and dry seasons in 2013. The sodium percentage, sodium adsorption ratio, residual
sodium  carbonate,  magnesium  hazard  and  Kelley’s  ratios were used as indicators for the water quality.
Spatial  distribution  maps  were  generated  by  the  geostatistical  technique of the ordinary kriging method.
The thematic maps of salinity hazard, sodium adsorption ratio and sodium percentage indicated an increasing
trend of moving from the west side to the eastern side and similarly from the southern side of the northern part
to the region. The generated groundwater potential maps are extremely helpful tools for a decision maker
concerned with groundwater protection and development.

Key words: Arid  and  Semi-arid  regions   GIS   Hard  rock  area   Spatial  distribution  Geostatistical
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INTRODUCTION Risk mapping of groundwater contamination  can

Groundwater plays a vital role in Indian agriculture. and water resource management. This will allow the
Many factors like the quality of water, soil type, salt integration of groundwater protection and health impact
tolerance characteristics of the plants; the climate and estimation in the analysis. Mapping of risk factors is not
drainage characteristics of the soil that decide the only a preventive measure, but it also assists with
suitability of irrigation water [1]. Groundwater quality is alleviation processes of groundwater pollution.
mainly affected by the geological formations that the Remote-sensing satellite data inputs have been
water passes through its course and by anthropogenic playing a key role in the management of natural resources
activities [2-5]. At present, the increasing stress on water along with the geographic information systems (GIS) over
resources worldwide has brought about groundwater the past two decades. Remotely sensed data provide
pollution and consequently, the deterioration of the valuable and near real-time spatial information on natural
groundwater assets and a threat to public health [6]. resources and physical terrain parameters. GIS and remote
Groundwater assets are dynamic in nature and  affected sensing derived information can be well integrated into
by such factors as the extension of irrigation activities, the conventional database for assessing the actual
industrialization and urbanization; thus, monitoring and groundwater contamination status and pollution
conserving this key resource is essential [7, 8]. vulnerability.
Geographic information system (GIS)  developed as a The hydrogeochemical study along with GIS reveals
great technology of instruction, for research and for the zones where the water quality is apt for drinking,
building the stature of programs [9-12]. farming  and  industrial  purposes. GIS has rapidly become

help planners and decision makers  on proper land use
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an integral and indispensable component of many identify the sampling locations. Samples were collected in
comprehensive environmental modeling systems. pre cleaned polyethylene bottles of 2000ml capacity and
Groundwater pollution vulnerability maps, risk maps and were properly labeled; indicating the source, date of
groundwater quality may be used to assist planners, sample collection. Two samples were collected from each
managers and local officials in evaluating the potential of well, one is specified for all the major cations and anions
contamination from various sources of pollution. With the and the other one is dedicated for dissolved oxygen
above background, the present study addresses the content. The dissolved oxygen was arrested in situ, by
principal hydrogeochemical processes controlling the pouring alkaline KI and MnSO4 into the sample. All the
groundwater chemistry and to demarcate the irrigation samples were analyzed using the standard procedures as
water quality that is spread over the study region. prescribed by APHA (1995) [13]. pH and Electrical

MATERIALS AND METHODS cations and anions like calcium, magnesium, chlorides and

Study Area Description: The study area is located on the heavy metals like sodium and potassium were measured
North Western part of Namakkal district. It is bounded on with a flame photometer. The ionic balance error of the
the  north  by  Mukudanchavadi block (Salem district), samples was observed below ±5 [14, 15]. 
East by Elachipalayam block, West by Pallipalayam block
and South by Kodumudi & Modakurichi (Erode district) (1)
and  Kabilarmalai  blocks.  It  falls  within  the  following
co-ordinates East longitude 77° 47’30”- 77° 59’30” and
North latitude 11° 14’45”- 11° 28’00”. Government of India The groundwater suitability for irrigation standard
Topo sheets 58E-15. The total block aerial extent is 262.40 was measured by SAR, Soluble Sodium percentage,
sq. kms. River Cauvery is flowing in the Southern part of Kelley’s ratio, Residual Sodium Carbonate and Chloro
the block area. Generally, a dendritic pattern of drainage alkaline indices, I & II.
exists in this block area. During the eight-year period of
1988-1995 maximum rainfall of 1560.500 mm is noted in the Geographical Information System and Mapping: In the
year 1994. Minimum rainfall of 388.600 mm is noted in the present study, the base map was prepared by using
year 1991. survey of India Toposheet nos. 58E-15, on 1:50,000 scale.

Block areas are covered by crystalline rocks of The exact locations of sampling points were resolved in
Archean age. Rock’s types include epitode hornblende, situ by using GPS Essentials android application from the
biotite gneiss and granites. Landforms like denudational smart phone Micromax A45 and the precise longitudes
hills, geomorphic units like pediments, buried pediment and latitudes of sampling points are imported in GIS
shallow, buried pediment deep and pediment inselberg platform. The Geostatistical analyst tool of ArcGIS 9.3 was
complex. The hydrological soil groups ‘C’ and ‘B’ with used to create the spatial distribution map of diverse
slow and moderate infiltration respectively constitutes water quality parameters. The geographic coordinates of
nearly half of the area of block individually. A very little the groundwater sampling points and their corresponding
remaining area is covered by hydrological soil group ‘A’ analytical data were entered as an attribute of the
with high rate of infiltration. The major soil present in this groundwater sample location in ArcMap software.
area is red soil. The majority of the block (about 71%) Geochemical data were taken off the GIS platform and
portion varies between nearly the level (0.1%) and gently analyzed in ArcGIS software 9.3 version. Spatial analysis
sloping (3-5%) category. In the remaining portion of the tools were used for the preparation of the interpolation
block, the topography varies between moderately sloping map. By using inverse distance methods the maps were
(5-10%) and very sharp sloping (>35%) category. Out of interpolated to generate the spatial distribution map.
which the major slope is very steep sloping (>35%) Groundwater quality classification maps for EC, SAR,
category. Percent Sodium, PI, Kelley’s ratio, RSC, Chloro Alkaline

Sample Collection and Analysis: Samples were collected irrigation standards (Table 2) for groundwater, were
from 75 bore wells and open wells situated at twenty five created by GIS techniques for determining their spatial
sampling locations. Three samples were randomly variations in Tiruchengode block, Namakkal District,
collected from each location. GPS readings were taken to Tamilnadu, India.

conductivity were measured by using a field kit. The major

bicarbonates were analyzed by titrimetry method. The

Indices 1 & 2 from thematic layers, based on the various
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RESULTS AND DISCUSSION only. The triangular fields are plotted separately with epm

Variation of Groundwater Quality Parameters: The HCO  weak acid and (SO +Cl ) strong acid. The piper
analyzed water quality parameters of the study area along diagram reveals that major cation is magnesium and
with their minimum, maximum, mean and standard chloride is the dominant anion. The Piper trilinear diagram
deviation values were given in Table 1. The number and recommends that there are two chief water types, namely
percentage of irrigational parameters of the groundwater mixed Ca-Mg-Cl and CaCl are predominant in the
samples exceeding the allowable limits set by various groundwater environment of both pre and post-monsoon
standards are given in Table 2. The pH of groundwater seasons (Fig. 2). It also depicts that nearly 40% of the
varied between 6.5 and 8.6 with a mean value of 7.0 during samples belongs to no dominant zone for both wet and
Pre-monsoon and similarly it varied from 6.8 to 7.8 with a dry seasons of 2013. Potential of cation exchange
mean value of 7.2 during post-monsoon season. The increases when the residence time of water is more,
largest part of the groundwater samples in the study zone leading to strong water-rock interaction. However, in
are chiefly alkaline in nature. The electrical conductivity shallow aquifers of the study area groundwater is under
varied from 566 to 1779 µs/cm and 816 to 1848 µs/cm constant circulation and regularly gets recharged. Hence,
during pre and post-monsoon season, the highest being possibilities of ion exchange during the circulation are
in Animoor station. The concentration of bicarbonate in negligible [17-20].
the study zone varied from 40 to 200 with a mean value of
120 mg/l during pre-monsoon and in the same way it lies Durov Plot: Durov diagram is an alternative form of the
between 80 and 200 with an average value of 149 mg/l piper tri-linear diagram. It plots the major ions as
during post-monsoon season. Chloride concentration percentage of meq L  in two base triangles and total
ranged from 123 to 702 mg/l, with a mean value of 337 mg/l cations and total anions are set equal to 100%. The data
for  the  period  of the pre-monsoon, likewise; it differs points in the two base triangles are projected into the
from 162 to 679 mg/l, with an average value of 368 mg/l. square of the main field which lies perpendicular to the
The  variation  of  sulfate concentration was from 25 and third axis in each triangle. The foremost purpose of the
57  with  being  a  mean  value  of  36 mg/l  through  the Durov diagram is to show clustering of data points to
pre-monsoon  and  correspondingly  it  differs from 30 to indicate samples that have similar compositions. The
62 mg/l with a mean value of 41 mg/l for the period of result of this diagram (Fig. 3) specifies that greater part of
post-monsoon.  The  n itrate concentration varied from the groundwater samples during the study region
0.22 to 5 mg/l, with 2.32 mg/l as the mean concentration of dominated by Mg  and Cl  ions representing that
the different sampling sites within the study area groundwater be related to reverse-ion exchange process.
throughout the pre-monsoon and similarly it was diverse It also states that nearly 30% of the samples show no
from 0.48 to 5.21 mg/l with a mean value of 2.70 mg/l for dominant cation or anion indicating water exhibiting
the duration of post-monsoon. According to WHO (2004) simple dissolution or mixing.
guideline, the nitrate concentrations in all the samples are
well inside the permissible limit [16]. The fluoride Sodium Absorption Ratio (SAR): Abundance of sodium
concentration varied from 0.22 to 2.7 and 0.18 to 2.4 mg/l in water produces undesirable impacts of changing soil
as the mean concentration of 0.93 and 1.07 mg/l during pre properties  and  decreasing  soil   permeability  [21].
and post-monsoon season. The fluoride concentration in Sodium hazard of irrigation water can be well understood
four locations was exceeding the permissible limit by knowing SAR. Sodium absorption ratio (SAR) is given
according to WHO standard. The sodium and potassium by the following relation [22].
concentration varied from 29 to 164 and 36 to 147 mg/l and
2  to  76  and  4  to  79  mg/l  for  the period of pre and (2)
post-monsoon. The mean values of sodium and
potassium are 63.64 and 75.54 mg/l and 18.21 and 24.2 mg/l Sodium absorption ratio also influences the
through pre and post-monsoon season. infiltration rate of water. So, low SAR is always desirable.

Geochemical Classification meq/L through the pre-monsoon and similarly it was
Piper Diagram: The Piper diagram consists of two lower diverse from 0.96 to 4.21 meq/L through post-monsoon
triangular  fields  and  a  central   diamond-shaped  field. season. The SAR value is excellent in all water samples
All the three fields have the incorporation of major ions (Table 2). Hence it is good for domestic uses.

values of cations (Ca +Mg ) alkali earth, (Na +K ) alkali,2+ 2+ + +

3 4
- 2- -

1

2+ -

In the studied samples, SAR values vary from 0.82 to 5.83
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Fig. 1: Location map of the study area

Fig. 2: Hydrochemical facies of groundwater in Piper's diagram

Percent Sodium: The part of sodium in the arrangement reducing  the  permeability [15, 23]. Percent sodium in
of  groundwater    for    irrigation    was   underscored water  is  a  parameter  registered  to   assess  the
since sodium combines with the soil and as a suitability for irrigation (Wilcox 1955) and is uttered as
consequence clogging of particles takes place, thus follows [24].
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Table 1: Water quality characteristics of the groundwater samples in the study area in comparison with WHO (2004) standard
Pre-monsoon Post-monsoon
Variable Unit Minimum Maximum Mean Std dev Minimum Maximum Mean Std dev WHO (2004) Desirable Permissible
pH - 6.5 8.6 7.0 0.3 6.8 7.8 7.2 0.2 6.5 8.5
EC µS/cm 566.22 1779.25 1074.48 273.32 816.38 1848.83 1214.32 241.37 780 3125
TDS mg/L 379.37 1192.10 719.90 183.12 546.98 1238.72 813.59 161.72 500 1500
Na mg/L 29.00 164.00 63.64 26.93 36.00 147.00 75.54 24.63 - 200
K mg/L 2.00 76.00 18.21 13.34 4.00 79.00 24.20 13.64 - 10
Ca mg/L 24.04 132.26 73.11 27.16 29.26 134.28 78.30 25.16 75 200
Mg mg/L 27.06 115.91 60.35 23.02 36.71 102.43 66.41 19.63 30 150
HCO3 mg/L 40.00 200.00 120.40 40.85 80.00 200.00 149.53 33.18 - 300
Cl mg/L 123.71 702.13 337.32 127.56 162.27 679.52 368.90 118.08 200 600
SO4 mg/L 25.56 57.76 36.86 6.48 30.84 62.35 41.55 5.92 200 400
NO3 mg/L 0.22 5.00 2.32 1.38 0.48 5.21 2.70 1.25 45 -
F mg/L 0.22 2.70 0.93 0.39 0.18 2.40 1.07 0.49 - 1.50

Table 2: Classifications of groundwater assuming SAR, % Na, PI, RSC, KR, CAI-I & CAI-II
Pre-monsoon Post- monsoon
Parameters Range Groundwater Class Samples (n=75) Samples (n=75)

In. no In% In. no In %
EC (Durbude et al., 2007) <250 Low salinity - - - -

250-750 Medium salinity 10 13.33 - -
750-2250 High salinity 65 86.66 75 100
2250-5000 Very high salinity - - - -

SAR (Richards 1954) <6 No Problem 75 100 75 100
6-9 Increasing Problem - - - -
>9 Severe Problem - - - -

% Na (Wilcox 1955) <20 Excellent 15 20 8 10.66
20-40 Good 53 70.66 56 74.66
40-60 Permissible 6 8 11 14.66
60-80 Doubtful 1 1.33 - -
>80 Unsuitable - - - -

PI (Doneen 1964) <60 Suitable for Irrigation 74 98.66 75 100
>60 Unsuitable for Irrigation 1 1.33 - -

RSC <1.25 Good 75 100 75 100
1.25-2.5 Doubtful - - - -
>2.5 Unsuitable - - - -

KR <1 Suitable 74 98.66 75 100
1-2 Marginal 1 1.33 - -
>2 Unsuitable - - - -

(3) Permeability Index (PI): Furthermore, the PI values

Here  all  the concentrations are denoted in meq/L. soil permeability is influenced by continuing exercise of
The values of sodium percent vary from 13.45 to 65.37 % irrigation water, determined by the Na , Ca , Mg  and
through pre-monsoon and in the same way it differs from HCO  contents of the soil. The permeability index (PI), as
15.77 to 48.57 meq/L. 53 and 56 groundwater samples fall created by Doneen (1964) shows the groundwater
under the good category during the season of pre and suitability for irrigation [25].
post-monsoon; about 15 and 8 samples belong to
excellent category and only 6 and 11 samples lie in the (4)
permissible  category  during  the  period  of  pre  and
post-monsoon  season. This classification clearly depicts In accordance with permeability indices, the
that the majority of the groundwater samples from the groundwater may be separated into Class, I; Class II and
study region is very much appropriate for irrigation Class III types find out the fitness of groundwater for
purpose. irrigation  uses.  As  indicated  by  the   permeability  index

suggest the groundwater suitability for irrigation, as the
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Fig. 3: Plots of hydrochemical variables in Durov diagram

values,  98.66%  of  the  samples (PI varies from 22 to 71) Therefore, waters with <1 Kelley’s ratio are fit for
in the Pre-monsoon and 100% of the samples (PI varies irrigation, whereas  those  with >1 are unfit for irrigation.
from 23 to 58) belongs to be apposite for irrigation in the In  the  present study, Kelley’s ratio varies from 0.13 to
Post-monsoon in 2013. 1.52  during  Pre-monsoon  and  similarly; it varies from

Residual Sodium Carbonate (RSC): The aggregate of in the instant study, all the water samples are highly
carbonate and bicarbonate over the sum of calcium and suitable for irrigation during both wet and dry seasons of
magnesium in the water tell about the appropriateness of 2013.
groundwater for irrigation purposes. An overload of
sodium bicarbonate and carbonate controls the physical Index of Base Exchange: Scholler (1965) proposed a
properties of soil by dissolution of organic matter in soil measure called ‘‘Index of Base Exchange’’ (IBE) to
that leaves a black stain on its surface on drying [26, 27]. describe the geochemical reactions taking place in
This surplus is called RSC and controlled by the formula groundwater [29]. The ion exchange between the
Ragunath (1987) [28]. groundwater and its host environment during habitation

RSC = [(HCO3 + CO3) + (Ca + Mg)] (5) indices. Chloro-alkaline indices, CAI-I and CAI-II, are

where, all Ionic concentrations are communicated in meq/l. rock–water interaction and are expressed as follows:
RSC ranges from -12.88 to -1.74 meq/l and -12.29 to -2.23
meq/l with an average of -6.71 and -6.99 through PRM and Chloro-alkaline indices,
POM correspondingly. From the values of the RSC, all the
samples during PRM and POM belong to good category, (6)
depicts that all the samples are well suitable for irrigation
purposes. No groundwater samples were found to be
unsuitable during Pre and Post monsoon may be due to (7)
the action of infiltrating rain water.

Kelley’s Ratio: Water is classified for irrigation based on exchange of Na and K from the water with Mg and Ca of
Kelley’s ratio. Based on Kelley’s ratio waters with value the rocks and is negative when there is an exchange of
of >1 indicates the excess level of sodium in water. Mg  and  Ca  of  the  waters  with  Na  and K  of the rocks.

0.14  to  0.76  during  the  Post-monsoon.  Consequently,

or travel can be seen by studying the chloro-alkaline

used to measure the extent of a Base Exchange during

Chloro alkaline indices are positive when there is an
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Fig. 4: Spatial distribution map of EC for Pre and Post-Monsoon season- classification for irrigational purpose

Fig. 5: Spatial distribution map of SAR for Pre and Post-Monsoon season- classification for irrigational purpose
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Fig. 6: Spatial distribution map of %Na for Pre and Post-Monsoon season- classification for irrigational purpose

Fig. 7: Spatial distribution map of PI for Pre and Post-Monsoon season- classification for irrigational purpose
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Fig. 8: Spatial distribution map of RSC for Pre and Post-Monsoon season- classification for irrigational purpose

Fig. 9: Spatial distribution map of KR for Pre and Post-Monsoon season- classification for irrigational purpose
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Fig. 10: Spatial distribution map of CAI-I for Pre and Post-Monsoon season- classification for irrigational purpose

Fig. 11: Spatial distribution map of CAI-II for Pre and Post-Monsoon season- classification for irrigational purpose
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In the current study, CaI-I value ranges from 0.19 to 0.85 within the study area. The sampling site in the central part
and CaI-II vary from 0.32 to 7.01 during pre-monsoon and within the study area is having comparatively more
CaI-I vary from 0.12 to 0.82 and CaI-II varies from 0.13 to urbanization possess a high level of RSC content,
5.18 during the post-monsoon. In the present study, all recommends that because of overexploitation of
the samples fell within the category of positive zones. groundwater in this area, saline water from the
This clearly indicates the exchange of Na and K from the southernmost and halfway regions moves towards these
water with Mg and Ca of the rocks, whereas the reverse is regions and enhances the salinity in this region. 
more predominant. The distribution map of CAI- I and II show that 95%

Spatial Interpolation of Groundwater: In the present indices. Only a smaller portion of the study region
study, an effort was made to develop a suitable GIS-based contains high level of chloro alkaline indices.
integration model for delineating groundwater quality Additionally, the entire distribution map shows that there
zones.  This  was achieved by integrating different is no considerable variation of water quality during both
thematic layers, which are directly related the groundwater seasons.
quality. There are two types of integrated outputs
obtained using the (1) water quality data and (2) CONCLUSION
hydrogeochemical thematic layers. To classify the
different groundwater quality zones, the overlaid pre- In this study, the appraisal of groundwater for
monsoon and post-monsoon season water quality irrigational uses has been assessed based on different
thematic layers of EC, SAR, %Na, PI, RSC, KR and CAI-I guidelines. Classification concerning SAR, all the sample
& II were used. The spatial distribution of concentration is within the admissible limit and the groundwater is fit for
of selected irrigational standards is given in Fig. 4-11. irrigation uses. As indicated by sodium percentage, over

The updated characteristic table on the Arc GIS 90% of the samples fit with Excellent into Permissible
package with EC data was utilized for the zonation of category. The residual sodium carbonate estimations of
different salinity zones within the study area (Fig. 4 and groundwater samples demonstrated all samples under
Table 2). The salinity representation maps were prepared “Safe” category. The groundwater falls under Class, I
and very elevated salinity zone determined. The EC-based (PI<60) for almost all sampling stations, according to
spatial distribution map indicates that very high salinity characterization of Donnen’s Permeability Index and could
zone covers the majority of the study area. A small be dealt with too for irrigation. Consequently, all in all,
portion of the upper east part of the study region groundwater quality throughout the region is clean and
possesses low salinity zone. In addition, the irrigation apt for irrigation use. Various indices such as Na%, SAR,
groundwater quality map describes that there is no KR, PI, CAI-I; II and RSC represent that water is well
considerable variation of water quality through both suitable for agricultural purposes for the majority of the
seasons. sampling locations. The salinity hazard is more prominent

The  SAR  and  percent  sodium  distribution  map in post-monsoon than pre-monsoon in some of the
(Fig. 5 and Table 2) indicates that large portion of the sampling sites. It, likewise, portrays that because of
western side and a small portion of southern and eastern overexploitation highly saline groundwater is getting
part contains low levels of SAR distribution on both pre blended with fresh water and thereby exhausting its
and post-monsoon seasons. The middle part of the study accessibility. To avoid salinization of groundwater, proper
region  holds  high  SAR  content  on   both   pre  and measures need to be taken to manage further
post-monsoon seasons. This kind of distribution was due indiscriminate and unexpected exploitation of
to the presence of dissolution from diverse rock types, groundwater and its application to agricultural land for
which are present in the center part within the study irrigation.
region.
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