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Identification of groundwater prospecting zones using Remote Sensing and GIS
techniques in upper Vena river watersheds Nagpur district, Maharashtra, India
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Abstract:

About the Author:

The present study area is an attempt to delineate the
groundwater potential zones in upper Vena river watersheds
of Nagpur district, Maharashtra, India, using integrated
approach of Remote Sensing and GIS techniques. It provides
information of large and inaccessible area within short span
for assessing, monitoring and management of groundwater
resources. The interpretation of the remote sensing data with
conventional data and sufficient ground truth information
formulate possible to identify and delineate the various
ground
features
such
as
geological
structures,
geomorphological features. Catchment delineation was done
in ArcGIS 10.2 (Ver.). Digital image processing of enhanced
color from IRS LISS III Satellite data was interpreted to
produce thematic maps such as lithology, lineaments, land
use/cover and geomorphology. Contours and drainage lines
were digitized for slope and drainage density mapping. GIS
analysis of distance for lineaments, density for drainage,
slope for elevation and reclassification were done for each
factor maps for direct or indirect presence of ground and
surface water. Digital Elevation Models (DEM) derived from
contours acquired from Shuttle Radar Topographic Mission
(SRTM) was compared in relation to drainage and lineaments
extraction, landform mapping and catchments delineation.
The concept of integrated remote sensing and GIS has proved
to be an efficient tool in integrating urban planning and
ground water studies. The groundwater prospect map is a
systematic effort and has been prepared considering major
controlling factors, such as geology, geomorphology,
drainage pattern, drainage density, lineaments; slopes land
use/land cover,
etc. which influence the occurrence,
movement, yield and quality of groundwater. The hydro
geomorphological map aspect which are essential for
planning, development, management and extraction of
groundwater. This information is very useful for planner and
local authority in respect of site selection of well types, depth
of well, water quality, success rate of wells and as well as
groundwater development and management in the study
area.
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watersheds
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Introduction
Satellite data facilitate the preparation of lithological, structural, and geomorphological maps, especially at a regional and small
scale according to the resolution of the images. These data show major rock groups, structural features, such as folds, faults,
lineaments and fractures, and different landforms, due to their synoptic coverage and multispectral capability (Siegal and
Gillespie, 1980, Drury, 1987). Visual interpretation of remote sensing images is achieved in an efficient and effective way using
basic interpretation keys or elements (Sabins, 1987). An interpretation key comprises combinations of characteristic features to
identify objects in an image. Typical key features are size, shape, tone, texture, pattern and color. Similarly many procedures are
available for image data manipulation (Lillesand and Kiefer, 1994). Multi-temporal and multi-sensor data cover large and
inaccessible area within short span. The concept of integrating remote sensing and GIS has emerged in the last decade as an
essential tool for resource planning and management. GIS is an effective tool for collecting, storing, transforming, retrieving,
displaying and analyzing spatial data from the real world for particular use. In the given study, remote sensing data of IRS -P6,
LISS-III, 22 April 2009, geo-coded at the scale of 1:50000 and Survey of India toposheet No. 73 E/10 have been used for the
preparation of various thematic map, such as geology, geomorphology, lineament, slope and landuse land cover etc.
The Geographic Information System proposed spatial data management and analysis tools that can assist users in organizing,
storing, editing, analyzing, and displaying positional and attribute information about geographical data (Burrough, 1986). The
different inputs taken for GIS analysis were from topographic maps, different available maps, Landsat satellite images and SRTM
data. GIS analyses such as distance from geologic structures, slope, landuse and landcover from digitized contours and overlay
analysis for producing the groundwater potential area were done.

Study area
0

The study area lies in the Survey Of India toposheet no. 55 K/12, 16, 55 O/3, 55 O/4, 55L/13 and55P/1 bounded by the 20 50’
0

0

0

00’’ N to 21 15’ 00’’ and 78 40’ 00’’ to 78 10’ 00’’. The Upper Vena river sub basin situated South West to the Nagpur district
of Maharashtra. The Vena River flows southeast from above the source (Fig.1).

Fig.1: Location map of the study area
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Methodology and Data used
IRS P6 LISS-III is rectified geometrically and registered with SOI topographical maps on 1:50000 scale using ArcGIS (Ver.10.2)
software through map to image registration technique. The FCC generated from green, red and near infrared (NIR) spectral
bands (2, 3, and 4). Linear, equalization and root enhancement techniques have been followed in enhancing the satellite
imagery for better interpretation of the geological, geomorphological and structural information. ArcGIS (Ver.10.2) software has
been used for digitization, editing and topology creation. Assignments of weightages of different themes and classes integration
of multi-thematic information and delineation of groundwater prospect map generated in ArcGIS environment. The generated
groundwater prospect map has been verified with field data to ascertain to methodology. SRTM DEM was used to extract slope
and for landform mapping. All data were integrated in a Geographic Information System (GIS) and analyzed to assess the
groundwater controlling features. Finally groundwater potential map was prepared based on GIS analysis.
Data Used


IRS - P6, LISS-III data 22 April 2009, geocoded at the scale of 1:50000 (Fig.2)



Survey of India toposheet on scale 1:50,000 and District resources map.



SRTM-GDEM 90m (USGS/NASA SRTM DEM data), available from http://www.gdem.SRTM.ersdac.or.jp (Fig.5).

Fig.2: IRS LISS III false color composite map superimposing with drainage map of the study area
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Integration through GIS Environment
Various favorable groundwater thematic maps have been integrated into a single groundwater prospect zone using GIS
techniques. It requires mainly three steps which are spatial data base building spatial data analysis and data integration. Each
thematic map such as geology, geomorphology, lineament, landuse landcover and slope provide certain clue of groundwater
occurrence. Each theme is overlaid on other theme to find the intersecting polygons. By this method, a new map is obtained
which is an integrated feature of different thematic maps in the final weightage of the polygons with integrated layer was
obtained using simple arithmetic model.
Geology of the Area
Geology plays an important role in the distribution and occurrence of groundwater (Krishnamurthy and Srinivas, 1995). In the
present study geological mapping was done by using DRM 2002. The lithology of study area basically consists mainly of Deccan
Trap basalt, Intertrappean, Sandstone/Limestone and alluvium (Fig.3). The area wise distribution of the geological unit of the
upper Vena river sub basin demonstrated in the Table 1.

Fig.3: Geological map superimposing with lineament map of the study area
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Table 1: Area wise distribution of the geologic unit in the study Area
Sr.No.

Geologic Unit

Area in sq. km

Percentage (%)

1

Alluvium

21.40

2.55

2

Intertrappean beds

6.01

0.71

3

Undifferentiated basalt

749.72

89.50

4

Sandstone/Ferruginous

60.47

7.21

Sandstone
5

Total Area

837.61

Geomorphology of the Area
Geomorphic features combined with structures and lithology controls the occurrence, movement and quality of groundwater.
An integrated study of the geology and evolution of landforms is useful to understand the occurrence of porous and permeable
zones (Karanth, 1987). The various landforms in the district are of three types: structural, denudational and fluvial. Dissected
Basaltic Plateau (highly, moderately or slightly dissected) is a major geomorphic unit and characterized by flat topped hills,
terraced features. Landforms are the most common features encountered by any one engaged in geological field works. If they
are properly interpreted they throw light upon the geologic history, structure and lithology of a region (Thornbury 1986). For the
evaluation of groundwater resources, a geomorphological terrain classification leading to the delineation of hydromorphological
is useful, taking both morphological and lithological factors in to consideration (Verstappen, 1983). DEM and SRTM data allow
creating a detailed description of landforms that is useful for groundwater potential assessment (Semere, 2003). From the SRTM
DEM, IRS LISS 3 data and survey of India toposheet fallowing geomorphic units extracted for the groundwater exploration;
Denudational hill (large), structural hill (small), plateau top, upper plateau, middle plateau, pediments, pediplains, residual hill,
younger flood plain, older flood plain, water body mask and habitation mask (Fig. 4) The statistic of the geomorphic unit are
given in the (Table).
In groundwater exploration geomorphology plays an important role in identification of favorable zone for groundwater. More
promising groundwater is in flood plains, alluvial fans and valley fills that are associated with thick alluvial and weathered
materials to give high porosity and permeability. Pediments generally are not favorable for groundwater potential zones
(Verstappen, 1983). To classify topographic regions into landform types DEM generated from digitized contour and spot heights,
SRTM V-3 data and IRS LISS 3 data was used. Draping of IRS LISS 3 data on SRTM has made it possible to visualize elevated
geomorphic units (Fig.4) Field checking of geomorphic features ware also done for final mapping and five geomorphic units
were mapped (Erosional Hills, Upper Plateaus, Middle Plateaus, Lower Plateaus, Mesa hills and Plain) (Fig 4).
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Fig.4: Geomorphic map of the study area

Table 2: Area wise distribution of the geomorphic unit in the study Area
Sr.No.

Geomorphic Unit

Area in sq,km

%

1

Denudational hill (large)

12.06

1.43

2

Structural hill (small)

37.40

4.46

3

Plateau top

20.98

2.50

4

Upper Plateau

346.13

41.32

5

Middle Plateau

224.14

26.75

6

Pediments

8.93

1.06

7

Pediplain

16.11

1.92

8

Residual hill

28.96

3.45

9

Older flood plain

28.31

3.37

10

Younger flood plain

56.33

6.72

11

Water body mask

15.16

1.80

12

Habitaion mask

42.34

5.05

Total

837.61
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Slope Mapping
The slope of a surface refers to the maximum rate of change in height across a region of the surface. Slope is an important
terrain parameter and it affects the land stability. The slope map (Fig. 6) has been prepared from SRTM DEM. The slopes in the
study area have been categorized into seven classes as per the IMSD Guidelines (NRSA, 1995). The following slope classes were
mapped for the study area; nearly level, very gently sloping, gently sloping, moderately sloping, strongly sloping, moderately
steep to steep sloping, and very steep sloping (Fig. 6). Slope of an area is one of the controlling factors of groundwater recharge.
It influences surface and subsurface flow of rain water and its recharge to the groundwater reservoir. Gentle slope of an area
provides more time to infiltrate the rainwater to aquifer zone where as high slope allows lesser time resulting low infiltration to
underlying groundwater reservoirs. The slope map of the study area has been prepared from SRTM DEM 90m. The slope of
study area has been classified into seven classes as per the IMSD guidelines (NRSA, 1995). The elevation ranges from 250 to 504
mt (Fig.5).

Fig.5: SRTM DEM map of the study area
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Fig.6: Slope map of the study area

Land Use/Land Cover Mapping
The land use/cover map of the area was readily interpreted from satellite data obtained through remote sensing by using visual
interpretation, unsupervised classification, and supervised classification of LISS 3 false color composite of band in RGB
combination. For identification of vegetation cover band ration of band 4 to band 3 was done. Satellite data is studied by using
visual interpretation techniques to identify and delineate different objects related to urban area. Basic image characteristics
such as shape, size, tone, texture, pattern and various associated features are being considered at the time of interpretation.
The image is carefully interpreted and the classification for urban land use categories is being selected taking the scale,
brightness, contrast and resolution of the data into consideration. Black and white as well as false color composite (FCC)
photographic products generated from multispectral data are being used for visual interpretation. After detailed analysis the
result was compared and corrected by data collected from different locations of the area. Classification of land use/cover for
analysis was done based on their character to infiltrate water in to the ground and to hold water on the ground. Usually
settlements are found to be the least suitable for infiltration and after pair-wise comparison of each class weight for each class
was calculated (Fig. 7 & Table 9).
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.
Fig.7: Landuse landcover map of the study area

Table 3 Areal extent of various Land use/Land cover categories
Sr.No.
1
2
3
4
5
6
7
8

Landuse Landcover
Crop land
Barren land
Fallow land
Plantation
Deciduas forest
Land with scrub
Land without scrub
Settlement
Total

Area in sq,km
383.22
2.82
31.07
0.76
104.64
221.34
48.93
38.28
837.61
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Lineaments/Fracture
Lineaments are linear or curvilinear structures on the earth surface; it depicts the weaker zone of bed rocks and is considered as
secondary aquifer in hard rock regions. These lineaments are mapped with the help of satellite data and be correlated with
faults, fractures, joints, bedding planes, unconformities and lithological contacts. The study area is found to have a number of
criss-crosed lineaments. The intersection of lineaments is considered as good occurrence of groundwater potential zones.
Lineaments are linear features caused by the linear alignment of regional morphological features such as streams, escarpments,
and mountain ranges, and tonal features that in many areas are the surface expressions of fractures or fault zones (Lillesand,
T.M., and Kiefer, R.W., 1994). Lineament analysis of remote sensing data constitutes an important part of studies related to
tectonics, engineering, geomorphology and in the exploration of natural resources such as groundwater, petroleum and
minerals (Koopmans 1986, Kar 1994, and Philip 1996). Mapping of lineaments from various remote sensing imagery is a
commonly used step in groundwater exploration. In relation to groundwater exploration, since lineaments are the results of
faults and fractures they infer that they are the zone of increased porosity and permeability, which in turn has greater
significance in groundwater studies occurrence and distribution. Structural features can be interpreted from satellite imagery. In
such imagery they are identified on the basis of break of slope, truncation of terraces knick points, abrupt change in stream
course, lithology, vegetation, texture, drainage density etc.
Mapping of lineaments in the study was done by visual interpretation of various digitally enhanced single band and multi band
images that involves standard band combinations, principal component analysis and directional filtering. The lineaments were
identified by visual interpretation and interactive digitization in the images (Fig.3). A final lineaments map was constructed from
the digital enhancement of individual single band and multiband images together with ground truth and previous work. An
attempt was made to avoid linear features that do not correspond to geological structures e.g. Roads and crop fields by using
ground data.
Hydro geomorphological Setup of the Study Area
The hydro geomorphological map was prepared following the guidelines of Ground Water Prospect Mapping under Rajiv Gandhi
National Drinking Water Mission by NRSC, Hyderabad (2007). In order to delineate the aquifers the lithological,
geomorphological and structural map overlays are subjected to overlay analysis by superimposing the layers one over the other
in the GIS environment. During the process of integration, the geomorphic units and rock types are made coterminous by
adjusting the boundaries. The water storage capacity of the rock formations depends on the porosity and permeability of the
rock strata. In the rock formation the water moves from areas of recharge to areas of discharge under the influence of hydraulic
gradients depending on the hydraulic conductivity or permeability and permeability of the rock strata. The structure in which
the ground water occurs is as varied as that of rock types, as intricate as their structural deformation and geomorphic history
and as balance among the Lithological, structural and geomorphic criteria. The combined units in which the lithology, landform,
structure and recharge conditions are unique are called ‘hydro geomorphic units’. They are considered as three dimensional
homogenous entities with respect to hydrogeological properties and the recharge condition. As a result of the integration, the
areas having unique lithology, landform and structure are delineated. These integrated lithological, structural and geomorphic
units are treated as homogenous areas with respect to hydrogeological properties. In the study area the hydro
geomorphological map shows the synoptic view of the study area and helps to identify the ground water potential prospecting
the study area (Fig.6).
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Fig.8: Hydro geomorphological map of the study area

Ground Water Prospect Mapping
The groundwater prospect map is prepared taking into consideration the hydro geomorphic map, lineament map, and
geological map and drainage map in the area. By combining these maps a with limited information on ground water level, well
yield of various geomorphic units, hydro geomorphological map is obtained which is further used for preparing ground water
prospect map. Different geological formations developing a variety of land forms such as structural hill, pediments, buried
pediments, valley fills etc. have got different capacity of water holding thereby showing varied aquifer qualities. With available
all thematic maps water from slope, relief, vegetation cover condition and the porosity and permeability are taken into
consideration for developing ground water prospect map. By taking the weightage of different geomorphic and lithological
units on ground water condition seven groundwater prospect zones (i) poor to nil, (ii) poor, (iii) moderate to poor, (iv) moderate
to good and (v) good, vi) good to moderate and vii) Very good have been prepared (Fig.9). The area statistics of different ground
water prospect zones are given in Table 3.
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Fig.9: Ground water potential map of the stud area

Table 4: Area statistics of different Ground Water Prospect Zones identified in the study area
Sr. No.
1
2
3
4
5
6
7

Ground water potential zone
Good
Good to moderate
Moderate to poor
Poor
Poor to nil
Very good
Habitation

Area in sq,km
112.56
220.58
197.25
157.41
42.33
21.30
85.96
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Conclusion
In the given study area occurrence of groundwater is primarily controlled by hard basaltic rock type, structures and landforms
and to a lesser extent slope, soil and drainage. Geology, geomorphology and lineament were taken as the principal factors for
the distribution and occurrence of groundwater in the given study area. Geology is considered as the most important factor for
the distribution and magnitude of spring discharge, the degree of fracturing of the rock unit, the thickness of the formation and
the extent of the weathering are some of indirect evidences incorporated in geological. Next to geology, geomorphology is
considered as the second important factor due to the fact that infiltration of water in to the ground depends on permeability of
bedrocks, characteristics of soil and rock cover. The other factors like Slope, Drainage, structure and Land use/cover were
incorporated in characteristic expressions of lithological and geomorphologic. Through integration of all the thematic maps e.g.
lithology, structure, geomorphology, hydrology, landuse landcover and lineaments with further analysis of data for ground
water potential zones were delineated and classified. In hydro geomorphological map aspects, which are essential as basis for
planning and execution of groundwater exploration. Because of high potential zone suitable surface and subsurface conditions
like occurrence of lineaments, permeable aquifers and nearness to streams create conducive environment for higher water yield
as well as favorable discharge. Low potential zones include rocky area, which act as runoff zones. The aquifers are deep and
yield is very poor. The groundwater potential zones map generated through this techniques ware verified ground truth. This
study demonstrates that the approach outlined has merits and can be successfully used elsewhere with appropriate
modifications. The given study research has established the capabilities of using remote sensing and geographical information
system for demarcation of different ground water potential zones, especially in hard rock terrain. This gives more realistic
groundwater potential map of an area which may be used for any groundwater development and management programme. The
present information would provide direct information to local authorities and planners about the areas suitable for searching
ground water followed by its suitable ground water exploration.
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