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Integration of remote sensing data and the Geographical Information System (GIS)
for the exploration of groundwater resources has become an innovation in the field
of groundwater research, which assists in assessing, monitoring, and conserving
groundwater resources. In the present paper, groundwater potential zones for the
assessment of groundwater availability in Salem and Namakkal districts of Tamil
Nadu have been delineated using remote sensing and GIS techniques. Survey of
India toposheets and SRTM satellite imageries are used to prepare various thematic
layers viz. lithology, slope, lineament, drainage, soil, were transformed to raster
data using feature to raster converter tool in Arc GIS. The raster maps of these
factors are allocated a fixed score and weight computed from GIS technique.
Moreover, each weighted thematic layer is statistically computed to get the
groundwater potential zones. The groundwater potential zones thus obtained were
divided into three categories, viz., good, medium and poor zone the result depicts
the groundwater potential zones in the study area and found to be helpful in better,
understudy planning and management of groundwater resources in the Upper
Tirumanimuttar Sub basin.

© Copy Right, IJRSR, 2010, Academic Journals. All rights reserved.

Key word:

Geographical Information System (GIS),SRTM
Satellite Imageries, Upper Tirumanimuttar Sub basin,
Weighted Thematic Layers, Groundwater Potential
Zones.

INTRODUCTION
Groundwater is a vital natural resource for the reliable and
economic provision of potable water supply in both urban and
rural environment. Hence it plays a fundamental role in human
existences, as well as that of some aquatic and terrestrial
ecosystems. At present, groundwater contributes around 34%
of the total annual water supply and is an important fresh water
resource is extremely significant for the sustainable
management of groundwater systems. GIS and remote sensing
tools are widely used for the management of various natural
resources (Dar et al., 2010; Krishna Kumar et al., 2011;
Magesh et al., 2011a,b). Delineating the potential groundwater
zones using remote sensing and GIS is an effective tool. In
recent years, extensive use of satellite data along with
conventional maps and rectified ground truth data has made it
easier to establish the base line information for groundwater
potential zones (Tiwari and Rai, 1996; Das et al., 1997;
Thomaset al., 1999; Harinarayana et al., 2000; Muralidhar et
al., 2000; Chowdhury et al., 2010). Remote sensing not only
provides a wide-range scale of the space-time distribution of
observations, but also saves time and money (Murthy, 2000;
Leblanc et al., 2003; Tweed et al., 2007). In addition it is
widely used to characterize the earth surface (such as
lineaments, drainage patterns and lithology) as well as to
examine the groundwater recharge zones (Sener et al.,
2005).Applications of remote sensing and GIS for the
exploration of groundwater potential zones are carried out by a
number of researchers around the world, and it was found that
the involved factors in determining the groundwater potential
zones were different, and hence the results vary accordingly.
Teeuw (1995)relied only on the lineaments for groundwater

exploration and others merged different factors apart from
lineaments like drainage density, geomorphology, geology,
slope, land-use, rainfall intensity and soil texture (Sander et al.,
1996; Das, 2000; Sener et al., 2005; Ganapuram et al., 2008).
The derived results are found to be satisfactory based on field
validation survey and it varies from one region to another
because of varied geo environmental conditions. Development
of groundwater in the study area is through construction of
water wells. However, recharging those groundwater sources is
reduced by frequent dry seasons and failure of monsoons. The
minimum depth of the water table in the study area is 25min
favorable localities adjoining rivers, canal system and
adjoining tanks, whereas the water table in remote areas is
found very deeper up to 75 to 100 m resulting in acute water
scarcity.

Exploitation of groundwater resources has increased in the past
decades, leading to the over-consumption of groundwater,
which eventually causes ecological problems such as
decreased groundwater levels, water exhaustion, water
pollution and deterioration of water quality. Integration of
remote sensing with GIS for preparing various thematic layers,
such as lithology, drainage density, lineament density, slope,
soil, with assigned weigh Neightage in a spatial domain will
support the identification of groundwater potential zones.
Therefore, the present study focuses on the identification of
groundwater potential zones in the upper Tirumanimuttar Sub
basin using advanced technology of remote sensing for the
planning, utilization, administration, and management of
sustainable groundwater resources.
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Study Area

The study area lies at the foot of Shararoyshills which runs east
to west direction. Thirumanimu thar sub basin lies between
11o21’57” and 11o48’05” N latitude and 78o02’33” and
78o21’13” E longitude of toposheets   Nos. 58 I/1, 58 I/2, 58
I/3,58 I/5, 58 I/6, 58 E/14 and 58 E/15 on 1:50,000 Scale
published by Survey of India in 1973. The major source for
recharge of groundwater is rainfall, during monsoon season.
The average annual rainfall is around 852 mm. As the study
area is underlain by the Archean crystalline rocks surrounded
by wavy hills and hillocks, groundwater mostly occurs in the
fractured zones. The study area map is given in Fig.1.

Geology

The study area is underlain by crystalline rocks of Archean
age, which are overlain by basin fill sediments and minor
alluvium of recent age occurs along the drainage courses.
Granites and granite gneisses traversed by pegmatite and
quartz veins. Alluvium quaternary sediments are spread almost
in central part of the study area (Fig. 2). Around 60% of the
total area is covered with charnockite followed by migmatite
and khondalite.

Hydrogeomorphology Units

Geomorphology is the science concerned with relationship
between landforms and the processes currently acting on them
Geomorphological investigations are imperative for all the
activities of man concerning the terrain and environment
around him, for proper sustainable development. The necessity
to understand geomorphological processes and land form set-
up has been amply demonstrated in situations that involve such
varied aspects as flooding, landslides, soil erosion, site
conditions, coastal erosion, slope stability, weathering of
building stones Proper geomorphological maps contribute to
the planned use of the landscape and the effective use of the
environment. The functions of detailed geomorphological
mapping emphasize

Dome type denudational hill

Denudation processes are always acting and all hills are
regularly undergoing denudation action. If these processes
are so powerful that all other characteristics of hill are not
seen except the eroded surface, it is referred as denudational
hill.  Based on the shape and appearance of the denudation
hills, whether dome-like or highly undulated nature they are
further classified as dome-type and massive-type
denudation hills. In general it will act as a poor source of
groundwater.

Linear Ridges

The linear ridges observed in the area are narrow, low relief
and generally barren. Structural features in linear ridges are
mostly strike controlled. Linear ridges are found in the
northern portion of the study area. Linear ridges are
generally above ground level and act as groundwater
barriers. The downstream side is not favorable for
groundwater development.

Shallow weathered pediplain

These are the areas of nearly level terrain with low gradient.
These are covered with shallow weathering material ranging
from 0 to 5 m. The top soil is generally red soil. Most of the
study area is occupied by this unit. The groundwater
prospect in such zone is described as poor to moderate

Fig.1 Study area map

Fig.2 Geology mapof the study area

Fig.3 Hydrogeomorphology unitsmapof the study area
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Moderately weathered pediplain

These areas are described as nearly flat terrain with gentle
slope. The area is covered with relatively thick weathered
material ranging from 5 to 15 m covered with red soil. These
are found almost in all alog the major drainage courses. The
groundwater prospect in these areas is described as moderate
to good depending upon the thickness of weathered zone.

Pediment

The pediment  are mouthy developed in the gentle sloping
surfaces with erosional bed rock. These are lying between hills
and plain. They occupy very small areas scattered in the north-
western and northeastern part of the study area. The
groundwater prospect in these zones is negligible to poor.

Residual hills

These are described as isolated hills. They occupy very small
areas scattered in the north-western and north eastern part of
the study area. The groundwater prospect in this zone is also
described as poor.

Valley fill

This is described as the deposition of unconsolidated materials
in the narrow valley. These are fluvial deposits. It occupies a
very small patches at the south-western boundary of the area.
The groundwater prospect in this area is expected to be
moderate to good. Different hydrogeomorphic units given in
the Fig.2.

Lineament density

Lineaments are structurally controlled linear or curvilinear
features, which are identified from the satellite imagery by
their relatively linear alignments. These features express the
surface topography of the underlying structural features.
Lineaments represent the zones of faulting and fracturing
resulting in increased secondary porosity and permeability.
These factors are hydro-geologically very important as they
provide the path ways for groundwater movement. Lineament
density of an area can indirectly reveal the groundwater
potential, since the presence of lineaments usually denotes a
permeable zone. Areas with high lineament density are good
for groundwater potential zones (Haridas et al., 1998). The
lineament density map of the study area is shown in Fig. 3, and
it reveals that high lineament density is observed in the center
of the study area with a value ranging from 0 to 1 km/km2.

Drainage density

Drainage density is defined as the closeness of spacing of
stream channels. It is a measure of the total length of the
stream segment of all orders per unit area. The drainage
density is an inverse function of permeability. The less
permeable a rock is, the lesser the infiltration of rainfall, which
conversely tends to be concentrated in surface runoff. Drainage
density of the study area is calculated using line density
analysis tool in ArcGIS software. The study area has been
grouped into four classes. These classes have been assigned to
‘very good’(0 to 0.45 km/km2), ‘good’ (0.45 to 1.07 km/km2),
‘poor’(1.07 to 1.85 km/km2), and ‘very poor’ (1.85 to 2.72
km/km2) respectively. High drainage density (2.72 to 4.08
km/km2) is recorded in the north-western parts of the study
area (Fig.3). The suitability of groundwater potential zones is
indirectly related to drainage density because of its relation
with surface runoff and permeability.

Slope analysis

Slope is an important factor for the identification of
groundwater potential zones. Higher degree of slope results in
rapid runoff and increased erosion rate with feeble recharge
potential (Mageshet al., 2011). The slope map of the study area
was prepared based on SRTM data using the spatial analysis
tool in ArcInfo 9.3.1. Slope grid is identified as “the maximum
rate of change in value from each cell to its neighbors”
(Burrough, 1986). Based on the slope, the study area can be
divided into four slope classes. The areas having 0 to 4.15

Fig.4 Lineament density mapof the study area

Fig.5 Drainage density map of the study area

Fig.6 Slope map of the study area
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slope fall into the ‘very good’ category because of the nearly
flat terrain and relatively high infiltration rate. The areas with
4.15 to11.45 slope are considered as ‘good’ for groundwater
storage due to slightly undulating topography with some
runoff. The areas having a slope of 11.45 to 21.27 cause
relatively high runoff and low infiltration, and hence are
categorized as ‘poor’ and the areas having a slope 21.27 to
66.16 are considered as ‘very poor’ due to higher slope and
runoff. Fig. 4 illustrates the slope map of the study area.

Soil

Soil is an important factor for delineating the groundwater
potential zones. The analysis of the soil type reveals that the
study area is predominantly covered by Alfisols, Entisols,
Inceptisols, with red loamy soil and alluvial soil (in the flood
plains) occur at some places as shown. The dominated group
of Red loamy soil is a product of weathered granite of Archean
and quartzite of Proterozoic age.

Groundwater potential zones

The groundwater potential zones for the study area were
generated through the integration of various thematic maps
viz., drainage, slope, lithology, soil, lineament, rainfall and
land-use using Remote Sensing and GIS techniques. The
demarcation of groundwater potential zones for the study
area was made by grouping of the interpreted layers through
weighted multi influencing factors and finally assigned
different potential zones. The groundwater potential zone of
this study area can be divided into four grades, namely
good, medium and poor. The groundwater potential map
(Fig. 6) demonstrates that the excellent groundwater
potential zone is concentrated in the north-eastern and
south-western region of the study area due to the
distribution of alluvial plains and agricultural land with
high infiltration ability. Similar results are reported by
Shankar and Mohan (2006), Prasad et al. (2008). This
indicates that, soil type and slope plays a vital role in
groundwater augmentation. Moreover, the concentration of
drainage density and lineament density also helps the
infiltration ability of the groundwater system. About
36.88% of the total area falls under the ‘poor’ zone, 41.81%
falls under‘medium’zone,21.30% falls under ‘good’
groundwater potential zone. Finally, the cumulative effect
of the weighted multi influencing factors through overlay

analysis in GIS platform revealed the mapping of
groundwater potential zones in the study area

CONCLUSION
Delineating the groundwater potential zones in Salem district
and Namakkal districts of Tamil Nadu using Remote Sensing,
and GIS techniques is found to be efficient to minimize the
time, andlabor and money and thereby enables quick decision-
making for sustainable water resources management. Satellite
imageries, topographic maps and conventional data were used
to prepare the thematic layers of lithology, lineament density,
drainage density, slope, soil. The various thematic layers are
assigned proper weightage through the integrated in GIS
environment to prepare the groundwater potential zone map of
the study area. According to the groundwater potential zone
map, Salem district is categorized into four different zones,
namely ‘good’, ‘medium’, and ‘poor’. The results of the
present study can serve as guidelines for planning future
artificial recharge projects in the study area in order to ensure
sustainable groundwater utilization. This is an empirical
method for the exploration of groundwater potential zones
using Remote Sensing and GIS, and it succeeds in proposing
potential sites for groundwater zones. This method can be
widely applied to a vast area with rugged topography for the
exploration of suitable sites.

References
Burrough, P.A., 1986. Principles of Geographical Information

Systems for Land Resources Assessment. Oxford
University Press, New York,pp. 50.

Chowdhury, A., Jha, M.K., Chowdary, V.M., 2010.
Delineation of groundwater recharge zones and
identification of artificialre charge sites in West
Medinipur district, West Bengal, using RS,GIS and
MCDM techniques. Environmental Earth Science
59,1209-1222.

Dar, I.A., Sankar, K., Dar, M.A., 2010. Deciphering
groundwater potential zones in hard rock terrain using
geospatial technology. Environmental Monitoring and
Assessment 173, 597-61

Das, D., 2000. GIS application in hydrogeological studies.
Available from: (accessed March 2010).

Das, S., Behera, S.C., Kar, A., Narendra, P., Guha, S., 1997.
Hydrogeomorphological mapping in groundwater
exploration using remotely sensed datad :A case study in
Keonjhar District, Orissa. Journal of Indian Society of
Remote Sensing 25, 247-259..

Haridas, V.R., Aravindan, S., Girish, G., 1998. Remote sensing
and its applications for groundwater favourable area
identification. Quarterly Journal of GARC 6, 18-22.

Harinarayana, P., Gopalakrishna, G.S., Balasubramanian, A.,
2000. Remote sensing data for groundwater development
and management in Keralapura watersheds of Cauvery
basin, Karnataka, India. The Indian Mineralogists 34, 11-
17.

Krishna Kumar, S., Chandrasekar, N., Seralathan, P., Godson,
Prince S., Magesh, N.S., 2011. Hydrogeochemical study
of shallow carbonate quifers, Rames waram Island, India.
Environmental Monitoring and Assessment,
doi:10.1007/s10661-011-2249-6.

Leblanc, M., Leduc, C., Razack, M., Lemoalle, J., Dagorne,
D., Mofor, L., 2003. Application of remote sensing and

Fig.7 Groundwater Potential Zone map of the study area



International Journal of Recent Scientific Research, Vol. 5, Issue, 8, pp.1498-1502, August, 2014

1502 | P a g e

GIS for groundwater modeling of large semiarid areas:
example of the Lake Chad Basin, Africa. In: Hydrology
of Mediterranean and Semiarid Regions Conference,
Montpieller, France. Red Books Series, 278. IAHS,
Wallingford, pp. 186-192.

Magesh, N.S., Chandrasekar, N., Vetha Roy, D., 2011.Spatial
analysis oftrace element contamination in sediments of
Tamira paraniestuary, southeast coast of India. Estuarine,
Coastal and Shelf Science 92,618-628.

Mapping of groundwater potential zones in the Musi basin
using remote sensing and GIS. Advances in Engineering
Software 40,506518.

Morphometric evaluation of Papanasam and Manimuthar
watersheds, parts of Western Ghats, Tirunelveli district,
Tamil NaduIndia: a GIS approach. Environmental Earth
Science 64,373-381.

Muralidhar, M., Raju, K.R.K., Raju, K.S.V.P., Prasad, J.R.,
2000.Remote sensing applications for the evaluation of

water resources in rain fed area, Warangal district,
Andhra Pradesh. The Indian Mineralogists 34,33-40.

Murthy, K.S.R., 2000. Groundwater potential in a semi-arid
region of Andhra Pradesh geographical information
system approach. International Journal of Remote
Sensing 21, 1867e1884.

Prasad, R.K., Mondal, N.C., Banerjee, P., Nandakumar,
M.V., Singh, V.S., 2008. Deciphering potential
groundwater zone in hardrock through the application of
GIS. Environmental Geology 55,467-475.

Sander, P., Chesley, M., Minor, T., 1996. Groundwater
assessment using remote sensing and GIS in a rural
groundwater project in Ghana: lessons learned.
Hydrogeology Journal 4, 78e93.

Sener, E., Davraz, A., Ozcelik, M., 2005. An integration of
GIS and remote sensing in groundwater investigations: a
case study in Burdur, Turkey Hydrogeology Journal 13,
826-834.

*******


