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Abstract:
This study was conducted on the Chandraprabha Basin
situated in part of Sonebhadra, Mirzapur and Chandauli
district of Uttar Pradesh, India, which is covered by hard
rock formation. Geologically, the area comprises of upper
Vindhyan formations consisting of sandstone, quartzite
and shale and the total Geographical area of water shed
is 150 Sq.KM. Remote sensing techniques have been
proved to be very efficient in identification geohydrological aspects of the study area. The various
thematic maps have been generated and integrated on
1:15,000 scales. Lineament density and land use land
cover helped in identification of the potential zones for
development planning and forecasting limitations to
their implementation with seasonal accuracy.
Lineaments and their intersections appear to be
potential sites for groundwater. Drainage basin is
suitable for surface reservoirs and dams. Here, study
shows that the integration of all attributes provide more
accurate results in identification of geo-hydrological
characteristics.
The ground water potential zones have been derived for
the entire Chandraprabha watershed and it has been
divided into mainly five categories namely very poor,
poor, moderate and good and very good water potential
zone.
Keyword: Ground Water, Drainage, LULC, Remote
Sensing, and GIS
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Introduction
Water is the one element necessary for every form of life on the planet Earth. Water has also historically been treated as an
inexhaustible natural resource. It is constantly flowing past us in our streams and rivers, falls from the sky on a regular basis
in most places, or is available from the ground simply by drilling another hole deep enough to tap into it. For these reasons,
water is generally thought of as a public resource, to be used and managed for the good of the people. The demand for
water has increased over the years, due to which the assessment of quantity and quality of water for its optimal utilization
has become essential. Identification and outlining of various ground features such as geological structures, geomorphic
features and their hydraulic characteristics may serve as direct or indirect indicators of the presence of ground and surface
water. The geomorphic conditions are essential pre-requisites in understanding the water bearing characteristics of hard
rocks. The role of rocks types and geologic structure in the development of stream networks can be better understood by
studying the nature and type of drainage pattern and by a quantitative morphometric analysis. The morphometric
parameters of a watershed are reflective of its hydrological response to a considerable extent and can be helpful in
synthesizing its hydrological behavior. A quantitative morphometric characterization of a drainage basin is considered to be
the most satisfactory method for the proper planning of watershed management because it enables us to understand the
relationship among different aspects of the drainage pattern of the basin, and also to make a comparative evaluation of
different drainage basins developed in various geologic and climatic regimes. Watershed modeling capabilities with GIS are
addressed and discussed within this paper of Chandra Prabha Basin Area current trends in watershed modeling. The present
study attempts to delineate suitable locations for groundwater exploration using integrated approach of remote sensing,
geo-electrical and GIS techniques. Every Water level model (Ground Water) is depend on geological structures and features.

Study Area
Chandraprabha is one of the famous Wildlife Century in India. The study area is covered by hard rock formations and is
situated in part of Sonebhadra, Mirzapur and Chandauli district of Uttar Pradesh, bounded by longitudes 82.94 E & 83.33 E
and latitudes 24.75N & 25.261 N (fig. 1). As per Survey of India toposheet no 63P/1 & 63P/2 is the area taken up for study.
The total geographical area of watershed is 150 Sq.KM.

Figure 1: Location Map of Study Area
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Data Sources and Data Creation
The data used in this paper can be broadly divided into three categories: Remotely Sensed Data: High Resolution Image
(Satellite imageries), Field Collected Data (FCD), and GIS Datasets (consisting of data derived from remote sensing and/or
field measurements and surveys). The following sub-sections describe the data sources in detail.
Remotely Sensed Data
This Paper is a pilot study and freely available remotely sensed data was used for this work.
Field Collected Data
Field data was collected to identify the location of reservoir and other features, both in the field and on satellite data.
GIS Data
The data such as topographic sheets of 1:50,000 scale and high resolution satellite images were used. Ground water Model
and other GIS layers are digitized with a defined zoom level in GIS platform using ArcGIS 10.2 software. In the next phase,
GPS survey was performed to identify the existing known Dams, reservoirs and rock formation type etc. By using ArcGIS
software, important spatial and attribute data about – Update groundwater potential zone and land use,
Geology/Geomorphology administrative/ constitutional boundaries etc. were extracted.
Data Creation
In some instances, limited or no viable grid-type data was available for a watershed investigation. Collecting elevations or
other attributes (e.g., rainfall) at field data points using global positioning systems (GPS) or using digital contour maps are
often employed to generate new DEMs datasets when none exist for the area of interest. DEMs can be created by
interpolating rainfall data or from aerial photography to measure snowfall (Lee et al. 2008) which is also used in the
watershed analysis as hydrologic sources. In some cases, Drainage pattern from paper-based maps was extracted and
converted to digital format using ArcGIS digitizing tools. ArcGIS automated tools based on basic and geo-statistics
interpolation techniques (e.g., inverse distance weighting, splines, and Kriging) can be used to generate new DEMs or other
1
raster datasets from point and contour datasets .
a) Drainage
The main River of the Study area is Karamnasa and Chandraprabha. The source of water of this river is rainfall during
monsoon and spring (scanty) during pre-monsoon. During the rainy season river carries huge amount of water and in
the dry season it carries low quantity of water and drainage network (analysis) is important for geo-environmental and
geo-hydrological studies. Drainage density of a region depends on the climatic factors, landforms, slopes and stage of
geomorphic cycle, lithology and its permeability etc. Hence, drainage density is an important index in geo-hydrological
studies, and can be evaluated from aerial photographs2. It emphasizes that permeability has a fundamental influence on
drainage density. In bedrock areas, drainage textures and patterns depend, among others, on the lithological character
of underlying rocks and their structural disposition. A drainage map of the study area has been prepared using the
Satellite data on 1:50000, fig.2.

Figure 2: Drainage Pattern Map, and Drainage Density Map of Chandraprabha Watershed
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b) Land Use land Cover Map
The Chandraprabha watershed area was extensively forested. The remaining areas of newer alluvium tracts were
potential for cultivation and settlement with available surface and groundwater resource. Thus as a whole the
watershed is now modified with the alteration of land cover by expansion of settlements in different corner of the
watershed. In study area, approx. 32% areas of the basin are now still under forest tracts in different forms of dense
forest (2%), Open mixed forest (28%).Other areas of the watershed are mostly altered by Agricultural land and
settlements and Fellow land (Fig: 3). The data digitized in ArcGIS 10.2 using PCA Level 3 because in the PCA-3 the line
feature and other features can be easily distinguished but in normal data we cannot clearly identify.

Figure 3: Land Use Land Cover Map
c) Geology/Geomorphology
The geomorphologic map of Chandraprabha watershed is created with the help of ArcGIS software with different scale.
This helps to understand the study area. It also allows to understand type of physiography found in the Chandraprabha
Watershed. Mainly 5 types of geomorphic regions can be identified in the study area, these are (Fig: 4)
1-Alluvial Plain 2-Disected Plateau 3-Intermountain Valley 4-Residual Hills 5-Ponds/Reservoirs

Figure 4: Geomorphology Map
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d) Lineaments
Lineament analysis for ground water exploration in Chandraprabha formations has considerable importance as joints
and fractures serve as conduits for groundwater movement. It is not practical to map lineaments solely on the basis of
satellite data without a thorough knowledge of the structural conditions of an area (Fig: 5). Lineaments are defined as
linear features of geological significance extending in length over several kilometers. These linear features usually
represent faults, fractures or shear zones and are identified on satellite images on the basis of tonal contrast, stream /
river alignment, and differences in vegetation and knick-points in topography. Lineament study of the area from
remotely sensed imagery provides important information on sub-surface fractures that may control the movement and
storage of groundwater.

Figure 5: Lineaments and Lineaments Density Map
e) Rainfall
Physiographically, the area is mainly flat and has gently undulating terrain except few parts. The occurrence and
movement of groundwater is mainly restricted within the weathered & fractured sandstone/shale. Groundwater
usually occurs in unconfined to confined condition at depth. The area is fed by south-west monsoon rainfall which
starts in last week of June and extends until the end of September. The average annual rainfall is about
approximately 1065 mm.

Methodology for Ground Water Potential Zonation
In the present study, the parameters considered for prioritization of watersheds are from the natural resources thematic
data, including drainage density, groundwater prospects, Lineaments density, forest cover and wastelands derived from
satellite imagery and socioeconomic data. To demarcate the groundwater potential-zones, the weightage of individual
theme and future score ware fixed and added to the layer depending upon their suitability to hold ground water. A
probability weightage approach has been applied during overlay analysis in ArcMap GIS environment. The maximum being
to the lowest potential feature. Spatial analyst extension of ArcGIS 10.2 was used for converting the feature to raster and
also for final analysis in this method the total weightage of the final map were derived as sum or product of the weightage
assigned to the different layers according to their suitability.
LINEAMENTS DENSITY *5 + DRAINAGE DENSITY*4 + GEOMORPHOLOGY*5 + LAND USE/COVER*8
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Figure 6: Flow Chart for Ground Water Potential Zones

Result and Discussion
Assessment of Ground Water Potential Zones
The ground water potential zones were obtained by overlaying all the thematic maps in terms of weighted overlay methods
using the spatial analysis tool in ArcGIS 10.2. During the weighted overlay analysis the ranking has been giving for such
individual parameter of each thematic map and weights were assigned according of the influence of the different
parameters.
Table 1: Weightage of Different Parameters for Ground Water Potential

Geomorphology Tabel-01/A

LAND USE MAP Tabel-01/ B

Alluvial Plain

4

Agricultural Land

4

Reservoir

5

Drains

6

Intermountain Valley

2

Forest

3

Dissected Plateau

3

RESERVOIR

6

Residual Hill

1

River

5

Settlement

1

Lineament Density Tabel-01/C

Waste Land

2

Very Low

1

Pond

6

Low

2

Moderate

3

Drainage Density Tabel-01/D

High

4

High

2

Very High

5

Very High

1

Low

4

Moderate

3

Very low

5

Ground Water Potential Zone
Groundwater Potential Zone of the study area has been analyzed using Model Builder Application in ESRI ArcGIS 10.2 with
the lineament density, drainage density, land use, hydro-geomorphological elements, and the background of the survey of
India topographical maps on 1:50,000 scale. These factors are good for water potentiality and have higher ground water.
The groundwater potential zone using weightage index is prepared. (Fig: 6) On the above considerations, various hydroPage 6 of 8
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geomorphic units were then classified into five categories of groundwater potentiality namely, very good, good, moderate,
poor and very poor.
The hydro-geomorphological units such as Alluvial Plain, Dissected Plateau, Intermountain Valley, Residual Hills, and
Ponds/Reservoirs are the most potential zones for groundwater exploration & development in the study. Hence, these areas
are marked as good to very good favourable zones. These zones are distributed mostly in the north, and only some few in
the southern portion of the area. A glance at Fig. 6 reveals that the northern part and some of the south-west part of the
study area have excellent groundwater potential as compared to the upper east-south-eastern part of the basin. This
information is very useful for the further groundwater development in the study area.

Figure 7: Ground Water Potential Zone Map

Conclusion
Watershed prioritization is one of the most important aspects of planning for implementation of its development and
management programmers. Remote sensing techniques with an emphasis on geology, geomorphology, physiography, hydrogeomorphology, structure, geo-hydrology, land use/land cover help in identification of the potential zones for developmental
planning and predicting limitations to their implementation with reasonable accuracy. Lineaments particularly joints/fractures and
their intersection appear to be potential sites for groundwater exploitation.



Rain water is mainly responsible for the ground water recharging for the study area
Canal and Ponds water is also responsible for the ground water recharging for the study area

The valley fills and buried pediments are good groundwater potential zones. From the drainage analysis, it is clear that the
catchment is suitable for surface reservoir and check dams.

Page 7 of 8

th

15 Esri India User Conference 2014

Acknowledgement
The authors are grateful to Mr. Kapil Chaudhery, Director, Spatial Decisions for providing the necessary facilities to carry out
this work. We are also thankful to my Project Manager Dr. Kuldeep Pareta for the motivation of this work.

Reference
1.

Edsel B. Daniel, Janey V. Camp, Eugene J. LeBoeuf, Jessica R. Penrod, Mark D. Abkowitz, and James P. Dobbins,”
Watershed Modeling Using GIS Technology: A Critical Review,” Journal of Spatial Hydrology Vol.10, No.2, Fall 2010.

2.

P.K. Joshi and S. Gairola, “Landcover Dynamics in Garhmial Himalayas - A Case Study of Balkhile Sub-watershed”, J. of
Indian Soc. of Remote Sensing, Vol. 32(2), pp. 199-208, 2004.

3.

T. Subramani ,S. Krishnan ,P. K. Kumaresan, “Study of Groundwater Quality with GIS Application for Coonoor Taluk in
Nilgiri District” International Journal of Modern Engineering Research Vol.2, Issue.3, May-June 2012 pp-586-592.

4.

Mr. Kartic Bera, Dr. Jatisankar Bandyopadhyay,” Ground Water Potential Mapping in Dulung Watershed using Remote
Sensing & GIS techniques, West Bengal,”International Journal of Scientific and Research Publications, Volume 2, Issue
12, December 2012.

5.

Ahmed Mohammed, Ezra Enoch Alhamdu and Ibrahim Muhammed,”Application of Watershed Analysis in Flood and
Erosion Control using GIS and Remote Sensing”, IOSR Journal Of Environmental Science, Toxicology And Food
Technology (IOSR-JESTFT) e-ISSN: 2319-2402,p- ISSN: 2319-2399. Volume 7, Issue 5 (Nov. - Dec. 2013), PP 57-60.

6.

Pareta, K., 2013. Remote Sensing and GIS based Land and Water Assessment for Sustainable Agricultural Development.
International Journal of Agriculture. Photon 124. pp. 150-159.

7.

Pareta, K., and Pareta, U., 2011. Hydromorphogeological Study of Karawan Watershed using GIS and Remote Sensing
Techniques. International Scientific Research Journal. Vol. 3, Issue 4, pp. 243-268.

8.

Javed, A., and Wani, M.H., 2009. Delineation of Groundwater Potential Zones in Kakund Watershed of Eastern Rajasthan
using Remote Sensing and GIS Techniques. Journal Geological Society of India. Vol. 73, pp. 229-236.

Page 8 of 8

