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Abstract

Integration of Remote Sensing data and Geographical Information System (GIS) for the exploration of groundwater
has become a breakthrough in the field of groundwater, which assists in assessing, monitoring, and conserving
groundwater resources. In this study, various groundwater potential zones for the assessment of groundwater
availability in Satna district have been delineated using remote sensing and GIS techniques. Survey of India
toposheets and Resourcersat-2 LISS-4 MX November 2017 imageries are used to prepare various thematic layers
viz. Lithology, Slope, Land-Use, Structure and Lineament, Drainage, Soil, and Geology were transformed to raster
data using feature to raster converter tool in ArcGIS. The raster maps of these factors are allocated a fixed score
and weightage computed from remote sensing and GIS techniques. Moreover, each weighted thematic layer are
statistically computed to get the groundwater potential zones. The groundwater potential zones thus obtained were
divided into five categories, viz., very poor, poor, Moderate, good, and very good zones. The result depicts the
groundwater potential zones in the study area and found to be helpful in better planning and management of
groundwater resources.

Keywords :-Groundwater Potential Zones, Remote Sensing, Geographic Information System, Thematic maps,
Mandakini River Basin.

1. Introduction

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).

Groundwater resources are an important natural resource for its use in domestic, agriculture, and industries
purposes. There has been a tremendous increase in the demand for groundwater due to increase in population,
advanced irrigation practices and industrial usages. Groundwater is an significant natural resource in present day,
but of limited use due to frequent failures in monsoon, undependable surface water, and rapid urbanization and
industrialization have created a major risk to this valuable resource (Ramamoorthy, et al.,2014).

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). To understand groundwater prospects of an area, integration of
different thematic layers is required. In the hard rock terrain, availability of groundwater is limited and its
occurrence is essentially confined to fractures and/or weathered horizons (Krishnamurthy et al. 2000; Chandra et al.
2006; Vijith, 2007; Suja Rose and Krishnan, 2009).
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2. Study Area

The study area is the River part of Mandakini river basin, of the Dist. Satna Madhya Pradesh spread across Utter
Pradesh, India. Autonomous region and covers 1680 Sqg.km. (approx.). The study area located between
24°56'09.31"N, 25°10'53.19N latitude and 80°44'23.31"E, 80°52'44.53"E longitude (approx.). length of about 46 km
is a major tributary of the Yamuna River. Satna, also known as the ‘Land of Red Soil’, is well known for its
culture values. The base of this triangle is marked by river Ajoy separating the boundary of Satna with Satna
district. On the East and north, Satna district as per agro-climatic classification with the majority of soil being
Kaimur Sandstone and Rewa sandstone content.

Figure 1 Location map of study area in Mandakini river basin.
3. Data used and Methodology

Indian Remote Sensing satellite (IRS) P-6 LISS-4 MX data with spatial resolution of 5.8 meter is used to period of
November 2017. Resourcersat-2, LISS-4 MX data of November 2017 period, in FCC form, that is, standard
combination of wavelength bands 2 (0.52-0.59 pum), 3(0.62-0.68um) and 4 (0.77-0.86 pum) and also the shortwave
infrared (SWIR) have been used for mapping and preparation of maps and inventory data sheets. Elevation
information is obtained from Shuttle Radar Terrain Mapping Mission (SRTM) DEM. The methodology adopted for
the present study is shown in Fig. The base map of Satna district was prepared based on Survey of India topographic
maps (63-C/8, 63-C/12, 63-C/16, 63-D/5, 63-D/9, 63-D/10, 63-D/13 & 63-D/14) on a 1:50,000 scale. Various
thematic maps (Geology, Soil, Lineament, Land use Land cover, Drainage etc) were prepared and integrated all in
Arc GIS. By assigning weightage to each theme a final map was prepared having different categories such as (i)
Very Poor (ii) Poor (iii) Moderate (iv) Good and (v) Very Good. The drainage network for the study area was
scanned from Survey of India (SOI) toposheets and digitized in ArcGIS 10.4 platform. The slope map was prepared
from SRTM DEM data in ArcGIS 10.4 Spatial Analyst module.

Satellite images from IRS-P6, LISS-IV sensor, on a scale of 1:50,000 (geo-coded, with UTM projection, spheroid
and datum WGS 84, Zone 44 North) have been used for delineation of thematic layers such as land-use, lithology,
lineament, and soil types. These thematic layers were converted into a raster format (5.8m resolution) before they
were brought into GIS environment. The groundwater potential zones were obtained by overlaying all the thematic
maps in terms of weighted overlay methods using the spatial analysis tool in Arc GIS 10.4. During weighted overlay
analysis, the ranking was given for each individual parameter of each thematic map, and weights were assigned
according to the multi influencing factor (MIF) of that particular feature on the hydro-geological environment of the
study area (Shaban et al., 2006).
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3.1 Flowchart for groundwater potential using RS, GIS

The methodology proposed in this study to identify and delineate groundwater potential zones using RS and GIS
techniques is illustrated in Fig.8 The selected six thematic maps were integrated in the GIS environment to generate.

Flowchart for Groundwater Potential Zone
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Figure 2 Flowchart of GPZ.
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of groundwater. Figure: 3 Lineament map of study area.

4.2 Land-use

Land use Land cover mapping is one of the important applications of
remote sensing. Land use plays a significant role in the development of
groundwater resources. Remote sensing provides excellent information
with regard to spatial distribution of vegetation type and land use in less
time and low cost in comparison to conventional data (Waikar and Aditya
P. Nilawar, 2014). The study area shows that major portion in land use is
covered by cropland kharif 192.30 sgq.km, cropland rabi 501.26 sg.km,
current fellow land 108.19 sq.km., scrub land 78.07 sg.km., forest land .
813.87 sq. km., water bodies 27.18 sq. km., settlement covered in area - -l
29.27sqg. km. Figure : 4 Land Use map of study area.
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4.3 Drainage

This map is also prepared from survey of India toposheets on 1:50,000 . _(':J,',w T y {/ A
scale. Drainage map of the study area reveals only two types of ..

drainage patterns viz. dentritic pattern and few locations have trellies L
pattern. Radial type of drainage patterns are also seen at some places. ,s A ] £ /
According to drainage density, the study area is divided into fOUr |ieguma Mool W e
subclasses, i.e., Very Poor, Poor, Moderate, Good and Very Good emrvett 1 Yasne
covering an area of 617.76, 527.83, 1026.30, 299.72 and 315.98 km, e - — —_—
respectively of the total area 2787.59 km. Figure : 5 Drainage map of study area.

4.4 Soil

Soil is an important factor for delineating the groundwater potential zones. A
The analysis of the soil type reveals that the study area is predominantly . -
covered by red gravelly soil (in deeply buried pediments and moderately o
buried pediments) with Sandy Clay Loam soil and Sandy Loam soil (in
the flood plains) at some places as shown in Surface layer is dark brown
fine sandy loam. Subsurface layer is pale brown fine sandy loam. Subsoil
is red clay loam and sandy clay loam.

Wt

Figure : 6 Soil map of study area.
4.5 Slope map

Slope is one of the important terrain parameters which are explained by
horizontal spacing of the contours. In general, in the vector form closely
spaced contours represent steeper slopes and sparse contours exhibit
gentle slope whereas in the elevation output raster every cell has a slope
value. Here, the lower slope values indicate the flatter terrain (gentle
slope) and higher slope values correspond to steeper slope of the :
terrain. In the elevation raster, slope is measured by the identification of i
maximum rate of change in value from each cell to neighboring cells. — - -
Figure: 7 Slope map of study area.

The slope values are calculated either in percentage or degrees in both vector and raster forms, The slope amount
derived from digitized contours and spot heights have shown that elevation decreases from the northern part
to the southern part with slope 0° to 10° in flat and mountainous areas respectively. In the nearly level slope area
(0-1) degree, the surface runoff is slow allowing more time for rainwater to percolate and consider good
groundwater potential zone, where as strong slope area (10-15) degree, facilitate high runoff allowing less residence
time for rainwater hence comparatively less infiltration and poor groundwater potential. The entire slope map is
divided into five categories as in Tablel.

4.6 Geology A

The Vindhyan Super group has been lithostatigraphically subdivided into

four groups, in stratigraphic order these are: the Semri Group, the Kaimur

Group, the Rewa Group and the Bhander Group. The Vindhyan sediments e

show much facies variation and both horizontal and vertical gradation in

lithology. Thus, areas show different lithostratigraphic succession. This Shaniien
aspect is well demonstrated when a comparision of lithostratigraphic Figure: 8 Geology map of study
area.
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succession is made between the eastern and western parts of the Vindhyan Basin.

Tabel 1 Rank and weight for different parameter of groundwater potential zone in the study area

The study area mainly composed of Vidhyan and then followed by Bhander
shale, Granite, Kaimur Sandstone, Rewa Sandstone, Shale are distributed in the northern part. Geomorphic features
play a vital role in the evaluation of surface and ground water resources. The hydro geomorphic units such as flood
plain, valley fill, buried pediment is good sources of groundwater where as structural hills, pediment zone and
gullied land are poor recharge zones[15] (Subagunasekar et al.2012).

Parameter Classes Ground Water | Weight Rank

prospect (%)
100

>1.8 Very good 5

1.8-3.6 Good 4

Lineament 3.6-54 Moderate 30 3

5.4-72 Poor 2

<72 Very poor 1

Nearly level (0°-1°%) Very good 5

Very gently sloping (1°-3%) Good 4

Slope Classes Gently Sloping (3°-5°) Moderate 20 3

Moderately Sloping (5°-10°) Poor 2

Strong Sloping (10°-15°) Very poor 1

Clay Loam Very good 5

Loam Good 4

Soil Texture Sandy Clay Loam Moderate 20 3

Sandy Loam Poor 2

Silty Clay Loam Very poor 1

>0.5 Very good 5

05-1 Good 4

Drainage 1-5 Moderate 15 3

5-10 Poor 2

<10 Very poor 1

Bhander shale Very good 5

Granite Good 4

Geology Kaimur Sandstone Moderate 15 3

Rewa Sandstone Poor 2

Shale Very poor 1

Crop Land (Kharif/Rabi) Very good 5

Water body Good 4

Land use/Land cover Current Fallow Land Moderate 3

Settlement Moderate 20 2

Forest Land Poor 1

Scrub Land Very poor 1

4.7 Verifying Groundwater Potential Zone Map

The groundwater potential zones for the study area were generated
through the integration of various thematic maps viz., drainage, slope, Aot
lithology, soil, lineament and land-use using remote sensing and GIS ——fasdi
techniques. The demarcation of groundwater potential zones for the ——
study area was made by grouping of the interpreted layers through
weighted multi influencing factor and finally assigned different potential
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zones. The groundwater potential zone of this study area can be divided into four grades, namely very good, good,
Moderate, poor, and very poor. The groundwater potential map demonstrates that the excellent groundwater
potential zone is concentrated in the north-eastern region of the study area. 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 potential Zone map of study area.

5. Conclusions

Satellite imageries, topographic maps and conventional data were used to prepare the thematic layers of lithology,
lineament density, drainage density, slope, soil, land-use and rainfall. The various thematic layers are then integrated
in the GIS environment to prepare the groundwater potential zone map of the study area. According to the
groundwater potential zone map, Satna district is categorized into four different zones, namely very good, good,
Moderate, poor, and very 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.
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