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The present study focuses on the assessment of groundwater vulnerability in the Upper Palar river basin,
Tamil Nadu, India using the DRASTIC method, which consists of seven parameters obtained from
various sources and created as map layers. To determine the groundwater vulnerable zones, the net
recharge parameter considered in the DRASTIC model is estimated by four different methods, viz., SCSCN, Piscopo, Chaturvedi, and groundwater Cuctuation recharge methods and the results were compared.
The vulnerability maps were generated by four recharge estimation methods, such as water table Cuctuation method, Piscopo, SCS-CN and empirical formulae of Chaturvedi methods. This vulnerability
class were validated with the observed groundwater quality (nitrate concentration) measured from 30
wells in the study area. The results were classiBed into four categories such as low, moderate, high, and
very high. From the results obtained using DRASTIC with the Chaturvedi method, very high vulnerability is observed in the southern regions and low vulnerability in the north and southwest regions. Using
the Piscopo method, the very high vulnerability is distributed along the lower half of the river and
southeast side, and the low vulnerability covers the north part of the river basin. Similarly using the SCSCN method, the very high vulnerability is seen along the river basin and low vulnerability along the
central-north and south regions. Using the groundwater Cuctuation method, very high vulnerability falls
under the small part of the southeast side, but low vulnerability covers the south-west and east sides of
the river basin. The different methods adopted to estimate the recharge rate in the study revealed the
dependency level of the vulnerability on that parameter. Also, the study area characteristic is best
observed by the results of these four methods. All the four methods gave very good results and better
knowledge about each factor and a better understanding of the groundwater susceptible zones to pollution
in the study area. Among the four methods, Piscopo and WTF methods were found to be best applicable
for the selected study area.
Keywords. Groundwater vulnerability; SCS-CN method; Chaturvedi method; Piscopo method; water
table Cuctuation method; DRASTIC model; GIS.

162

Page 2 of 13

1. Introduction
Surface-water and groundwater are the important
freshwater sources in the world, which makes it
necessary to manage and protect them. The
assessment of groundwater zones prone to contamination plays a vital role in proper management. The anthropogenic activities seem to be a
potential threat to groundwater quality in many
river basins in India and other foreign regions.
Several studies were made to assess the groundwater zones vulnerable to contamination. The most
popular method of assessing groundwater vulnerability is the DRASTIC method (Aller et al. 1987).
Similarly, Ghosh et al. (2015) made a study for
shallow aquifer susceptible to contamination in
Katri watershed located in Dhanbad, Jharkhand
using DRASTIC. The results revealed that some
parts of the study region fall under high risk of
susceptibility. Ahirwar and Shukla (2018) made a
study in upper Betwa watershed, the susceptibility
map was created by DRASTIC and classiBed into
three vulnerable zones, which shows most of the
area lies in more vulnerable and also this model is
validated by the nitrate concentration; the results
have shown that nitrate contamination is in nil
condition in the low vulnerable zone. In the same
way, Alsharifa (2017) reported a study in Jordan,
where groundwater is the most critical water
resource, the study area containing 12 basins out of
which few belong to the over-exploited basin. The
DRASTIC method was used to calculate the vulnerability of the lower Indus aquifer for contamination. Shahab et al. (2019) also identiBed
vulnerable zones in Jacobabad and the southernmost coastal part of the lower Sindh. A large portion of the total area is very much vulnerable to
contamination and is distributed in the central
Sindh region. Murali and Elangovan (2013);
Senthilkumar et al. (2014) and Anantha Rao et al.
(2018) also made similar studies in assessing the
groundwater vulnerability for Coimbatore, Krishnagiri and Yamuna Nagara districts in India,
respectively.
From the literature, it is evident that all the
works were focused on Bnding the vulnerable zones
by considering the parameters without concerning
their inCuence if altered. The natural recharge of
aquifers is the key parameter, which inCuences
groundwater pollution. The number of studies is
related to groundwater vulnerability assessment
using the recharge rate. Many methods have been
involved in Bnding the recharge rate. Few studies
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reported the estimation of the net recharge rate
and its eAect on the vulnerability. Mogaji et al.
(2014) and Ahada and Suthar (2018) carried out a
study in Malwa Punjab, India, for the estimation of
the aquifer susceptibility using GIS and DRASTIC
model and particularly, the net recharge prediction
was done with the Chaturvedi method. Saatsaz
et al. (2011) claimed that the recharge estimation
was done using the groundwater Cuctuation
method, which provided valid results. Mushtaha
et al. (2019) reported the assessment of vulnerability using the net recharge calculated using the
soil conservation services curve number (SCS-CN)
method and soil moisture balance method. Ghazavi
and Ebrahimi (2015) made a study comparing two
models of vulnerability, GOD and DRASTIC, for
Abarkooh plain situated within the center of Iran
in Yazd province. In this method, the net recharge
was estimated using the Piscopo method and the
results were validated using nitrate concentration.
In addition to the DRASTIC method, all the
above-mentioned studies adopted the application
of geographical information system to present the
aquifer vulnerability as a spatial varying quantity.
ArcGIS tool is eAectively used in these studies to
map the aquifer vulnerability (Krogulec 2013).
Thus the present study focuses on determining
the groundwater vulnerability in the Upper Palar
river basin. The study is attempted in this region
as it contains a cluster of small and large units of
tanneries industry along with the river courses,
processing leather and discharging their eAluents
on the open land rivers. The untreated industrial
eAluents delivered to the Palar River Basin results
in severe contamination of both surface water and
groundwater, which causes several health issues
such as chromium ulcers, asthma, and skin diseases
to the people in the region. Nearly 11,000 hectares
of fertile agricultural land area has become infertile
due to this contamination. By combining the
DRASTIC method with the GIS environment, all
the seven parameters inCuencing the vulnerability
were used for overlay analysis. Among these seven
parameters, the net recharge rate is one of the
crucial parameters in determining vulnerability
index, particularly, in alluvial regions. Hence in
this study, attempts were made to estimate the net
recharge using four different methods, viz., Chaturvedi method, SCS-CN method, Piscopo method,
and groundwater level Cuctuation method. Comparisons were made with the vulnerability index
obtained by using the net recharge determined by
those four methods. The results were validated
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using the nitrate concentration measured from the
observation well in the study area.
2. Study area
Upper Palar river basin is geographically located
between 12°370 1900 –13°000 1200 N latitudes and
78°280 0700 –79°340 5100 E longitudes having an area of
3067.42 km2. The river originates from the south
and traverses to the west direction of Nandi-drug
highlands situated at Kolar District, Karnataka
State, which has its conCuence point at the east of
Bay of Bengal. The average annual precipitation in
the study area is roughly 953 mm; the northeast
and southwest monsoons being the prime source of
rainfall contributing to 45–52% and 30–43% of
total rainfall, respectively (Venkatesan et al. 2019).
The study area experiences a tropical climate. The
high temperature was recorded during May–June,
minimum and maximum temperatures were found
to be 18.2 and 36.8°C, respectively. The relative
humidity ranges from 37 to 85%. The geomorphology of the study area is found to be Archean
age consists of crystalline rocks such as gneisses,
charnokites, quartzite, and granites. The banks of
the river were found constituting gneiss and alluvial formations. The major streams contain Bne to
coarse sand, clay, and gravel. Sandy soil and red
loam lie in high altitude; sandy loam and black
cotton soils are lying in the valley area, and clay
loam are the soil types present in the study area.
The groundwater occurrences due to phreatic
conditions take place by the weathered mantle,
conBned and semi-conBned setting within cracks,
fractures, joints and sheared zones of the bedrock.
The depth of the groundwater table ranges from
4.00 to 18.70 m bgl. The speciBc capacity of the
wells ranges between 18.82 and 80.58 lpm/m/day.
In the crystalline area having exploratory wells in
which adequate yield occurred in the range of
0.27–10.55 lps. The location of the Palar river basin
is represented in Bgure 1.
3. Materials and methods
The groundwater vulnerability can be assessed by
statistical method, process-based method, and
overlay index methods. The most popular among
the three is the DRASTIC method. The following
section explains the determination of the vulnerability index using the DRASTIC method for the
study area.

3.1 Drastic index preparation
Environmental Protection Agency of the United
States and National Water Well Association have
coined the DRASTIC method. Based on the
hydrogeological settings, this approach has been
found eDcient for the prediction of groundwater
vulnerable zones. The DRASTIC method depends
upon the variation of lithology, topography,
hydrogeology, geology, land use categories, and
climatic and other conditions (Shirazi et al.
2012). The DRASTIC methods include seven
factors such as depth to water (D), recharge (R),
aquifer media (A), soil media (S), topography
(T), impact of the vadose zone (I), and hydraulic
conductivity (C) (Aller et al. 1987). These
parameters were assigned appropriate ranks and
weights for analysis. The weight ranges from 1 to
5, where 5 is most significant and 1 is least
important concerning the contamination potential. Based on several literature reviews and
experts, the weights have been assigned (Merchant and Bogorad 1987; Hamerlinck 1998;
Johansson et al. 1999). The ratings were assigned
between 1 and 10, which is based on the relative
importance of every factor in degree of
vulnerability.

3.2 DRASTIC index calculation
The calculation of the DRASTIC vulnerability
index formula is shown in equation (1)
DVI ¼ Drat  Dwe þ Rrat  Rwe þ Arat  Awe
þ Srat  Swe þ Trat  Twe þ Irat  Iwe
þ Crat  Cwe ;

ð1Þ

where DVI is the DRASTIC vulnerability index,
‘rat’, and ‘we’ are rating and weight of each
parameter (Anantha Rao et al. 2018). Higher
weights have been assigned for the major inCuence
factors such as vadose zone, recharge rate, and
depth to water table (Merchant and Bogorad 1987;
Hamerlinck 1998; Johansson et al. 1999). On the
other hand, the lesser inCuencing factors such as
soil, conductivity, and aquifer, have been assigned
by lower weights. The data collected from various
sources for the study area is given in table 1 and
weights, ratings, and ranges for drastic parameters
are given in table 2. The methodology chart for
the groundwater vulnerability study is shown in
Bgure 2.
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Figure 1. Study area map: Upper Palar river basin.

Table 1. Collection of data sources for the study area.
Sl.
no.
1

2
3

Required data and map details

Data sources

Depth of the groundwater level data, topography terrain
Public Works Department (PWD) GW wing, Tharamani,
map, aquifer thickness data, transmissivity, the capacity of and Central Ground Water Board (CGWB), located at
storage data, water quality data
Chennai
Boundary base map, soil details map, geology details map, State Water Resource Data Center for Surface and
observation and borehole details, lithologic details data
Groundwater (SWRDC)
Shuttle Radar Topography Mission (SRTM) Digital
Earthexplorer, USGS
Elevation Model (DEM)
https://earthexplorer.usgs.gov

4. Input parameters generation
4.1 Water table depth
This parameter is the most important parameter,
which deBnes the distance from the ground to the
water table. The shallow water table has been posing
high threats to groundwater pollution. Therefore,
the lower the water depth; higher the susceptibility

to contamination and vice-versa. The parameter
water table depth map was generated by obtaining
pre-monsoon and post-monsoon water level data
from wells in and around the study area for 20 yrs.
The well points were plotted and the water level was
interpolated using inverse weight distance techniques in ArcGIS 10.4 environment and thereby
assigning suitable ratings and weight. The solute
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Table 2. Rating, weights assigned for DRASTIC parameters.
Parameters of DRASTIC

Ranges

Ratings

Weight

Depth to the water table

0–5
6–10
11–15
16–25
Chaturvedi method (inch/year)
0–2
2–5
5–7
7–10
[10
SCS-CN method (m3/day)
0–0.3
0.3–1.5
1.5–2.5
2.5–3.5
[3.5
Piscopo method (m3/day)
0–6
6–11
11–16
16–24
24–29
Groundwater Cuctuation method (mm)
0–270
270–800
800–1500
1500–2400
2400–3600
Sandstone
Sand and silt
Migmatite
Sand
Sandy loam
Loam
Clay loam
0–2
2–6
6–18
Sand and gravel
Alluvium
Sandstone
Basalt
0–1
1–2
2–4
4–6

10
9
8
6

5

Net recharge

Aquifer

Soil

Topography

Impact of vadose zone

Hydraulic conductivity

transport travel time is observed to be minimum to
reach the shallow water table than the deep-water
table. The south-west and eastern regions of the
study area were found to have lower water levels, say
5 cm and the south-eastern side noticed a higher
water level depth of 25 cm. It is shown in Bgure 3(a).

4
1
3
6
8
10
6
7
8
9
10
1
4
6
8
10
2
5
6
8
10
10
8
4
9
7
5
3
10
9
3
10
9
8
6
2
3
4
6

3

2

1

5

3

4.2 Recharge rate
It is noted as the depth of water/unit area, which is
denoted by mm/year. The recharge taking place at
the surface level acts as the carrier of contaminants
to the groundwater level (Ravanbakhsh et al.
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Figure 2. MethodologychartfortheDRASTICmodelusingvariousrechargemethods.

2018). Hence, higher the rate of recharge; more the
chances of contamination and vice versa. Several
methods were in existence to determine the net
recharge into the aquifer. In this study, four popular methods were adopted to estimate the net
recharge. The following section elaborates on the
procedure in determining the net recharge using the
four methods.

4.3 Aquifer
The geological formation that is capable of
storing and transmitting water is called aquifer.
Based on the amount of porosity and arrangement of Bne particles, the aquifer attenuation of
contaminants occurs. Bore logs and hydrogeological maps were used to derive the aquifer
map. Figure 3(b) shows the aquifer map of the
study area. Geologically, the area has been
divided into Bve different zones. The sandstone
mixed with sand and silt present in the northern
side, migmatite mingled with granite and gneiss
present in south side. Based on the aquifer type,
more the grain size, lower its attenuation capability and vice versa. So, the high rating is
assigned for having material with high porous
aquifer type than the material has less porous.
The aquifer map is sub-classiBed and was
assigned appropriate ranks and weights as shown
in table 2.

4.4 Soil
The weathered portion of the ground is called soil
media; it is the topmost portion where the biological activities occur frequently and also it has
contact with the atmosphere. It serves as the primary medium that transfers the contaminant
beneath the earth’s surface. The soil association
map obtained from the National Bureau of Soil
Survey (NBSS) is used to derive the soil map.
Figure 3(c) shows the soil map of the study area.
Sandy loam, loam and silty soil, clay loam, and
sand/gravel are the major groups of soil present in
the area. In general, the nature of gravel texture
shows the high threat of contamination because of
the presence of more voids, and also the nature of
clay loam and silty clay texture shows the low
threat of contamination due to its lesser porosity.
The ranks and weight assigned to this parameter
was based on the permeability of the soil. The
weight assigned for this parameter was 2.
4.5 Topography
The slope is a very sensitive parameter. It is
denoted in percentage. It denotes the steepness of
the ground. Shallow the slope, longer the time
taken for runoA; eventually, it leads to higher
migration of pollution. But in deep slope, the
runoA occurs very quickly. The pollutant stagnation occurs at a long time in a shallow slope
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Figure 3. (a–f) DRASTIC parameters map of (a) depth to the water table, (b) aquifer, (c) soil, (d) slope, (e) impact of the
vadose zone, and (f) conductivity. (g–j) Net recharge map derived by (g) Chaturvedi method, (h) Piscopo method, (i) SCS-CN
method, and (j) water level Cuctuation method.
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Figure 3. (Continued.)

elevation and vice versa. The slope information is
derived from the satellite image from the shuttle
radar topography mission (SRTM) and digital
elevation model (DEM). The large area that falls
under shallow slope (0–2%) was found to have
greater inCuence to groundwater contamination,
whereas the south side of the study area mainly falls
under medium slope (2–6%) and the higher slope
occurs central and surrounding areas nearby basin
(12–18%) which has the minimal inCuence to the
contamination of the aquifers. The topography map
of the study area is shown in Bgure 3(d).

surface and groundwater table. The particle
packing structure and volume of porosity and
interconnected pores determine the extent of water
passing through the media. The vadose zone map is
obtained from the geology of the study area and is
shown in Bgure 3(e). The large area of the basin
falls in the alluvium zone and the few area falls in
the sand and gravel zone. The highly fractured
zone is greatly aAected by contamination than the
least fractured zone. The sub-classes and the corresponding ranks and the weight assigned to this
layer are shown in table 2.

4.6 Vadose zone

4.7 Hydraulic conductivity

The most inCuential parameter for groundwater
vulnerability is called the vadose zone, which refers
to the unsaturated region between the earth’s

The property of the aquifer that is capable of
transmitting water is called hydraulic conductivity. It mainly depends upon the grade of
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Figure 4. Vulnerability index map based on (a) Chaturvedi method, (b) Piscopo, (c) SCS-CN method, and (d) water level
Cuctuation method.

particles, interconnected pores, and the number
of void spaces in the rock media. This is an
eAective parameter that controls the rate of Cow
entering into the ground and groundwater Cow
rate for a given gradient. The pumping test has
been performed and based on the aquifer inBltration rate, conductivity details of the basin
have been obtained. Higher the interconnected
pores, greater will be the conductivity and vice
versa, the hydraulic conductivity map was prepared with the above details and Bgure 3(f)
shows the hydraulic conductivity map of the
study area.
Conductivity ðKcÞ ¼


Tr
ms1 ;
B

ð2Þ

where Kc is the conductivity (ms1), Tr is the
transmissivity (m2s1), and B is the aquifer thickness (m).

4.8 Determination of net recharge
4.8.1 SCS – Curve number method
According to United States Department of Agriculture (USDA), the SCS classiBcation, land use
and soil media were classiBed into different categories. Curve number is the function of soil,
landuse, and 5 days antecedent moisture condition
and it ranges between 0 and 100. Standard curve
numbers are available for the combination of
LULC, soil, and AMC conditions from the National
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Engineering handbook 4 (USDA) were selected and
considered from the SCS chart. Therefore, the
cumulative direct runoA was estimated as follows:
Total direct runoA (Q) was calculated by
equation (3).
Q¼

ðR  Iab Þ2
:
ðR  Iab þ SsÞ

Recharge ¼ Dh  y;

ð6Þ

where Dh is change in water table level and y is a
speciBc yield.
The recharge map obtained for the above four
methods is shown in Bgure 3(g–j).

ð3Þ
5. Results and discussion

Again
Iab ¼ 0:2Ss;
Ss ¼

25400
 254;
CN

where Q = runoA depth (cm), R = precipitation
(cm), Iab = initial abstraction, Ss = detention
storage.
4.8.2 Piscopo method
The ‘unit area of the net recharge’ distribution is
determined by the Piscopo method proposed by
Piscopo (2001), which is a very eAective method to
Bnd the recharge rate. The expression for determining the net recharge is shown in expression (4).
Net recharge index ðRIÞ
¼ slope of the land in ð%Þ þ precipitation
þ soil permeability;

ð4Þ

where land slope is in %, precipitation is in m, and
soil permeability is in cm/s (Askarimarnani et al.
2014).
4.8.3 Chaturvedi method
The expression for estimating the net recharge
owing to precipitation is given in equation (5).
Rn ¼ 2  ðR  15Þ0:4 ;

ð5Þ

where Rn = net recharge during the year and
R = yearly precipitation (mm).

4.8.4 Water table Cuctuation method
The total recharge available to percolate the study
area is estimated by the water table Cuctuation
method (WTF). This is the preferable Beld-based
method for estimating the amount of inBltration
(Gesim and Okazaki 2018). The general water
table Cuctuation is as follows:

The assessment of the intrinsic susceptibility of an
aquifer is an important tool to aid better management plans. Out of several available methods,
DRASTIC is a conventional overlay and index
method using seven thematic maps which depends
upon the hydrogeological settings of the region.
The net recharge is predicted by four different
methods such as the Chaturvedi method, SCS-CN
method, Piscopo method, and WTF method. In the
Chaturvedi method, the rainfall data is obtained
from the India Metrological Department (IMD);
the precipitation data were collected and averaged
for the prediction of recharge. The uncertainty of
the collected data will aAect the estimated
recharge. Lower the rainfall, lesser the recharge.
The lower recharge resulted due to some of the
losses such as soil moisture deBcit, runoA, interception, and evaporation. Low recharge values
were shown in the northwest part and the high
recharge values are observed in most of the
northern region and a significant amount of
recharge takes place in the portion of the western
regions and are shown in Bgure 3(g).
According to Piscopo, the topography of terrain
and permeability of soil are varied based on the
pattern of the geological formation and geomorphology characteristics. The recharge values vary
from 0 to 29 m3/day. So according to the net
recharge map, the scattered points of the southeast and few parts of the east have a low recharge
rate and the central portion and nearby closed
points of the study area have a high recharge rate
(Bgure 3h).
The groundwater Cuctuation approach is best
suitable for regions that have shallow groundwater
tables. That groundwater table Cuctuations may
be shown by sharp rises and declines in the water
table. It may be categorized as the simplest and the
most eDcient technique to deBne the rate of annual
groundwater recharge into the aquifer and the
analysis is also supporting to Bnd out the long term
changes that occur in recharge, concerning changes
in climate or land use. This method is an indirect
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method, which is reducing the recharge values from
water table Cuctuation. Using this method, it is
complicated to calculate a representative value for
speciBc yield and the recharge induce the water
table Cuctuation, and also, it does not change the
atmospheric pressure or other conditions, such as
groundwater abstraction. So, only two parameters
are mainly involved such as water table Cuctuation
and speciBc yield. The low ranges are shown in the
southeast and northwest parts and high ranges are
shown in central and surrounding areas. The
recharge is more; the solute transport movement is
very high, so the contaminant stagnation is very
high. Thus, the high rating adopted for high
recharge is shown in Bgure 3(j).
Using the GIS environment, the seven thematic
map layers are combined and overlaid using the
geoprocessing tool. Finally, the resultant vulnerability index maps were generated, and it is divided
into four vulnerability classes ranging from a low to
high value. The net recharge calculation using four
different suitable methods gives four different vulnerability index maps. The distribution of area
percentage of four different vulnerable classes is
shown in Bgure 5 represents the comparison of
vulnerability index calculated accounting the
recharge computed by all four methods. The result
showed that the groundwater vulnerability based
on these four methods varied with 100–198,
64–133, 96–198, and 114–203 for the study area.
From the results obtained using the Chaturvedi
method, the high vulnerability is shown in the

south-east, corner of the north part, and very high
vulnerability is shown in the south side and low
vulnerability is shown in the upper and northwest,
southwest part. It is shown in Bgure 4(a).
Results using the Piscopo method show that the
high vulnerability is distributed along the north
and south part of the basin; the exceptionally high
vulnerability falls under along the lower half of the
river side and south-east side. The low vulnerability covers the area of the north corner side of the
river basin. It is shown in Bgure 4(b).
Results using the SCS-CN method show that the
high vulnerability has covered the area around the
river basin; the exceptionally high vulnerability
has covered the area along the river basin and low
vulnerability fall under the upper and lower parts.
It is shown in Bgure 4(c) (Venkatesan et al. 2019).
Similarly using the groundwater Cuctuation
method, the high vulnerability falls under the
upper part of the northwest and the lower part of
the southwest. The very high vulnerability covers
half of the river basin and a small part of the
southeast side. But the low vulnerability covers the
west and east sides of the river basin. It is shown in
Bgure 4(d). All the four methods gave excellent
results and considering some factors and analysing
their advantages and disadvantages leads to better
knowledge about each factor and conditions are
carried in this study and a better understanding of
the groundwater susceptible zones to pollution
were made. Similar studies were already carried
out by various authors using different recharge

Comparison of Area(Sq.Km) by Recharge methods
1400

AREA (Sq.Km)

1200
1000
800
600
400
200
0
LOW
MEDIUM
HIGH
VERY HIGH

Chaturvedi
method
608.31
1239.71
685.83
528.56

Piscopo method
183.71
966.82
1222.78
689.10

SCS_CN
method
1044.93
745.53
791.79
480.14

WT Fluctuation
method
333.78
943.95
1193.30
591.38

Figure 5. Percentage of area distribution using various recharge methods.
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methods (Kyei-Baffour et al. 2013; Adeleke et al.
2015; Ma et al. 2016; Natarajan et al. 2018). The
results of the present study conBrm the results
similar to the previous work.
6. Validation of the predictive models
The vulnerability maps generated by four recharge
methods, such as water table Cuctuation method,
Piscopo, SCS-CN and empirical formulae of Chaturvedi methods were validated with the observed
groundwater quality (nitrate concentration) data
of 30 well samples (bore wells and open dug wells)
(Bgure 4a–d). The nitrate (NO3) concentration of
each point data (bubble map) was superimposed on
four vulnerability maps. The bubble size denotes
the concentration amount. Further, it has been
observed that high concentration values coincide
with high vulnerability class along the river course
in the alluvial regions and moderate to low concentration wells are located in the wasteland and
agriculture land in the watershed. The maximum
nitrate concentration in the alluvial region of the
river course is mainly due to the tannery clusters
and urbanized landuse classed along the river.
However, the nitration moderate nitrate concentration coinciding with agricultural land indicates
fertilizers as the main source of nitrate pollution in
this region. From the results, a comparison was
made by bar graph (Bgure 5) for the vulnerability
class of DRASTIC with Chadurvedi, Piscopo, SCSCN and WTF models and its corresponding areal
extent. In this study, Piscopo and WTF models
show better agreement with the observed nitrate
concentration than the Chadurvedi and SCS-CN
methods which show the least agreement with
nitrate concentration.
7. Conclusion
The prediction of the Bnal susceptibility index map
of the Upper Palar river basin, Vellore, India is
done using GIS combined DRASTIC model. The
vulnerability index values are divided into four
classes ranging between low values to high values.
The index classes are represented as low, moderate,
high and very high vulnerable. From the results of
four different vulnerability index maps, using the
water table Cuctuation method, Piscopo, SCS-CN
and empirical formulae of Chaturvedi methods
were compared. It can be concluded that all four
methods show reality in the Upper Palar study
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area, but considering accuracy, advantages, disadvantages and limitations of the methods
employed are very complicated as the original
value of annual recharge is unknown and differences are inherent in the methods. Based on the
literature recommendation, various recharge methods are used to derive recharge values, but in
reality, it is necessary to have an excellent knowledge of the different recharge mechanisms and
their importance in the study area. According to
the objective of the study, data availability, economic status and supplementary data possibility to
determine the selection of methods have to be
considered. However, Piscopo and WTF models
show better agreement with the observed nitrate
concentration. Also, Chaturvedi and SCS-CN
methods are following the above two models in the
vulnerability area mapping. So not a single estimation approach can yet be recognized from the
range of those obtainable, which provide consistent
results. Hence, it is advantageous to relate more
than one method based on independent input data.
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