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Abstract 

Integration of remote sensing and Geographical Information System (GIS) are playing an 

important role for planning of water resource development and management. In drought 

prone western part of West Bengal, water resource is largely unexploited for agricultural 

development. Geologically the area consists of Chotanagpur granite gneiss complex 

(CGGC) along with Quarternery sediments while physiographically it is a part of dissected 

pedimental landscape with undulating lateritic and alluvial plain. The cultivation in this 

area mainly single rainfed crop and per hectare production is also low as compared to 

other regions of West Bengal. Keeping in view the above perspective, the present study 

was carried out to delineate ground water potential zones by using an integrated remote 

sensing and GIS techniques. Different thematic layers like drainage, slope, geology, 

hydrogeomorphological map, lineament density, land use/land cover (LULC) and 

hydrological soil group maps that influence the ground water occurrence in direct or 

indirect way, have been analysed and integrated to evaluate the hydrogeomorphological 

characteristics of the study area. Each thematic layer has been allotted weightage score 

calculated from multi-influencing factor (MIF) technique on the basis of relative 

contribution of ground water recharge and then integrated through Geographic 

Information System. Finally, a ground water potential map has been prepared and 

classified into five categories, like excellent, very good, good, moderate, and poor. 
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Introduction 

Water is a most valuable natural 

resource in our planet, which sustains the 

environment and human life. Rainwater 

is the primary source for ground water 

recharge. During monsoon period, some 

portion of water enters into the ground 

wherever favourable water bearing 

formations are present. Various 

meteorological, hydrological, geological, 

and geomorphological factors play a 

major role in the occurrence, movement, 

and storage of ground water in different 

physiographic condition. The occurrence 

and movement of groundwater in a 

crystalline terrain depends on the degree 

of weathering and extent of fracturing of 

the bedrocks, while identification of 

potential groundwater zones could aid in 

proper development and utilization of 
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groundwater resources for eliminating 

water scarcity (Rao, 2006). 

Indiscriminate exploitation of ground 

water can lead to lowering of water level 

and the unregulated growth of the 

population has altered the local 

topography and drainage system directly 

which affect both quality and quantity of 

the ground water (Fashae et al., 2014). 

Therefore, there is the need for 

understating of the hydrogeological 

system and delineation of ground water 

potential zones. 

Satellite based remote sensing 

technology provides up-to-date spatial 

information related to natural resources 

and terrain features for investigation and 

monitoring of water resources in any 

watershed. High-resolution satellite 

imageries are widely used in ground 

water studies due to their high spectral 

and spatial resolution. Geographical 

Information System (GIS) provides 

integration and analysis of large spatial 

data for planning of water resources 

development. Remote sensing and 

Geographic Information System have 

become widely accepted and are effective 

tools in the field of hydro-geological 

investigation and ground water 

exploration, due to the robust integration 

of spatial features and tabular data, 

spatial analysis capability, intelligent 

maps, and a geographic user interface to 

the databases (Varughese et al., 2012). 

Thus, blending of remote sensing and 

GIS technologies has proved to be an 

efficient tool and have been successfully 

used by various investigators for water 

resources development and management 

projects as well as for delineating ground 

water prospect and deficit zones 

(Krishnamurthy et al., 2000; Jaiswal et 

al., 2003; Chowdhury et al., 2010; 

Selvam et al., 2014). Many researchers 

(from India and abroad) have used 

remote sensing and GIS techniques for 

delineation of ground water potential 

zone based on thematic layers of ground 

water controlling parameters. 

There have been wide applications of 

remote sensing and GIS in 

hydrogeological researches around the 

world and different factors involved for 

ground water potential zones are 

different, and hence the results vary 

accordingly. Many researchers around the 

world such as Taylor and Howard, 2000, 

Shahid et al., 2000, Srivastava and 

Bhattacharya, 2006, Chenini et al., 2010, 

Machiwal et al., 2011, Talabi and Tijani, 

2011 and others have used several 

conventional methods such as geological, 

hydrogeological, geophysical and 

photogeological techniques to delineate 

ground water potential zones. Gustafsson 

(2006), Ganapuram et al. (2009), Nag et 

al. (2012), Fashae et al. (2014) and others 

have used satellite imagery in identifying 

geomorphic features and lineaments, 

applying various techniques that are 

helpful in for ground water potential 

mapping. In addition, Shahid et al. 

(2000), Boutt et al. (2001), Saraf et al. 

(2004), Rokade et al. (2007) and Gumma 

and Pavelic (2013) have carried out 

ground water modelling through the use 

of GIS for delineating artificial recharge 

sites. 

In the crystalline terrain of upper and 

middle part of the Sali river basin has 

been facing severe water shortages for 

both irrigation and domestic purposes 

during summer time. Unscientific 

excessive pumping of ground water has 

resulted in drying up most of the dug 

wells and tube wells, which in turn 

affects the livelihoods of the farmers. 

Field investigation revealed that 

mannerisms of monsoon and diverse 
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physiographic conditions give rise to 

unequal spatial distribution of water, 

causing serious water scarcity in some 

region. Integration of remote sensing 

with GIS for preparing various thematic 

layers, such as geology, 

hydrogeomorphology, slope, lineament 

density, drainage density, land-use/land 

cover (LULC), and hydrological soil 

group (HSG) with assigned weightage 

will support for the delineation of ground 

water potential zones. This methodology 

can be applied effectively in the areas 

where similar climate and geology, which 

suffers from acute shortage of water 

leading to severe suffering of farmers. 

Description of Study Area 
The Sali basin, a sub-basin of 

Damodar basin, is situated in Bankura 

district in the Indian state of West 

Bengal. It falls within the Survey of 

India’s topographical map 73M/3, 73 

M/7, 73 M/8, 73M/11, 73M/12 located in 

between 23° 07ʹ N to 23° 26ʹ N latitude 

and 87° 3ʹ E to 87° 38ʹ E longitude and 

its total geographical area is about 727.13 

km
2
. Administratively, the basin falls in 

parts of Gangajalghati, Barjora, Bankura–

II, Sonamukhi, Patrasayer, and Indus 

block in Bankura district (fig. 1). SRTM 

satellite image shows that the altitude of 

the basin ranges from 38 m. to 154 m. 

above MSL. The climate of the study 

area is sub-tropical humid type, 

characterized by an oppressively hot 

summer, high to moderate relative 

humidity nearly all round the year and 

well distributed rainfall during the south-

west monsoon from June to September. 

The average annual rainfall in the study 

area is about 1328 mm (NRDMS, 2015; 

Das, 2017). 

 
Fig. 1: Location map 
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Methodology 

The hydrogeomorphology and ground 

water prospect map of the area under 

investigation has been carried out on 1: 

50,000 scale of Survey of India’s(SOI) 

topographical sheets (73M/3, 73M/7, 

73M/8, 73M/11 and 73M/12), satellite 

data, geological map and other collateral 

data. Satellite images from IRS LISS-III 

(24.01.2011), on a scale of 1:50,000 

(geo-coded with UTM projection, 

spheroid and datum WGS 84) have been 

used for delineation of thematic layers 

such as lineaments, hydrogeomorphic 

units, and land-use/land cover by geo-

statistical analyst of Arc GIS. The 

geological map has been generated using 

geological map (DRM, 2001) and 

quadrangle map (73 M) of Bankura 

district. The slope and drainage density 

map have been prepared from SOI 

topographical maps and digitized in 

ArcGIS platform. The hydrological soil 

group map has been prepared from the 

soil series map (NBSS & LUP, 1992), 

soil texture map (NRDMS, 2014), and 

field survey. Depth to water level and 

bore well yield data have been collected 

from different wells during field study 

(2013-2014), SWID (2014) and NRDMS 

(2015) office. The thematic layers like, 

geology, hydrogeomorphology, slope, 

LULC, drainage density, lineament 

density and HSG maps have been 

incorporated and projected to a common 

co-ordinate system through GIS software. 

The ground water potential zones have 

been obtained by overlaying all the 

thematic maps in terms of weighted 

overlay method using the spatial analysis 

tool in ArcGIS 10.1. During weighted 

overlay analysis, the ranking was given 

for each individual parameter of each 

thematic map, and weights have been 

assigned according to the multi 

influencing factor of that particular 

feature on the hydro- geological 

environment of the study area (Shaban et 

al., 2006; Magesh et al., 2012).

 

 
Fig. 2: Methodological flowchart 
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Multi Influencing Factors of 

Groundwater Potential Zones 
The multi influencing factors for 

groundwater potential zones namely 

hydrogeomorphology, geology, LULC, 

slope, lineaments, drainage, and HSG 

have been analysed and assigned an 

appropriate weight according to their 

potentiality. In order to estimate the 

weights of the involved factors, the effect 

of these factors on each other must first 

be presented. The effect of each major 

and minor factor is assigned a weightage 

of 1.0 and 0.5 respectively. The 

cumulative weightage of both major and 

minor effects are considered for 

calculating the relative rates (Table 1). 

This rate is further used to calculate the 

score of each influencing factor (Magesh 

et al., 2012; Ghosh et al., 2016). The 

proposed score for each influencing 

factor (S) is calculated by using the 

formula. 

S= [Ma+Mi/∑ (Ma+Mi)] × 100 

Where, Ma is major interrelationship 

between two factors and Mi is minor 

interrelationship between two factors. 

 

Table 1: Proposed score of each influencing factor the potential zones 

Influencing 

factors 

Major effects 

(Ma) 

Minor effects 

(Mi) 

Total 

(Ma+Mi) 

Proposed score of each 

influencing factors 

Geomorphology 1+1+1+1 0 4 23 

Geology 1+1+1 0 3 18 

LULC 1+1 0.5+0.5 3 18 

Slope 1+1 0.5 2.5 15 

Lineaments  1+1 0 2 11 

Drainage 1 05 1.5 9 

HSG 1 0 1 6 

   ∑ 17 ∑ 100 

 

Results and Discussion 

Geology 
The Sali basin is mainly characterized 

by weathered material of Precambrian 

granite gneiss and pyroxene granulite 

which is gradually merges with the 

lateritic terrain and alluvial plain. The 

upper catchment is covered by thin 

surface soil with varying thickness 

ranging from 1-5 m. and in some places 

exposures of granite gneiss and pyroxene 

granulite rock have been found. The 

middle part is under the Lalgarh 

formation comprising reddish brown 

latosol with iron nodules underlain by a 

lateritic hard pan and lithomarge clay part 

consists of light pinkish white sandy clay 

with few iron nodules. The middle and 

lower catchment formed by Quaternary 

sediment include horizons containing 

sand, silt and clay with caliche (Sijua 

formation), yellowish silty sand of 

Chinsura formation and coarse sands of 

Hooghly formation (fig. 3). 

Hydrogeomorphological Units 
Hydrogeomorphological mapping in 

conjunction with remote sensing and GIS 

techniques is one of the best suited 

approaches for identification and 

demarcation of ground water potential 

zone in the said basin area. The area is 

characterized by a dominant rocky terrain 

as well as undulating surfaces with 

lateritic upland and rolling plain land 

(fig. 4). 
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Fig. 3: Geological map  

 

 

 
Fig. 4: Hydrogeomorphological map 
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Table 2: Hydrogeomorphological characteristics of the study area 
Hydrogeom

orphic units 

Description Area 

(Km
2
) 

Ground water 

prospect 

Pediment 

with residual 

hill 

Constituted of unconsolidated weathered regolith; presence of 

fracture and lineaments. 

15.13 Poor to very 

poor 

Buried 

pediment 

shallow 

(BPS) 

Shallow overburden (0-5m.) of weathered materials; 

crisscross by lineaments and fracture; shallow to moderately 

red loamy skeletal soil. 

32.27 Moderate to 

poor 

Buried 

pediment 

medium 

(BPM) 

Unconsolidated moderate overburden (5-20 m.) of thick 

alluvium or weathered material; presence of lineaments; 

moderately deep to deep loamy soil. 

141.43 Good to 

moderate 

Dissected 

lateritic 

upland 

Dusky red to red skeletal soil followed by massive laterites 

and hard duricrust formation; extensively dissected by rill & 

gullies. 

193.48 Poor 

Lateritic 

upland 

(lower) 

Represent the toe slope segment of lateritic upland; yellowish 

brown to yellowish white ferruginous clayey soil. 

81.55 Medium to 

poor 

Valley fill Accumulation zone of colluvial material with fractured 

controlled; constitutes of boulders, cobbles, pebbles, gravel, 

sand and silt. 

81.49 Very good 

Upper 

alluvial 

plain  

Thick sequence of compact sediments mainly sand to sandy 

loamy soil. 

75.52 Excellent 

Lower 

alluvial 

plain  

Nearly flat land with gravel, sand, silt and clay dominate with 

varying lithology. 

43.04 Excellent 

River terrace Consists of river borne sediments mostly alluvium; 

occasionally flooding. 

17.94 Excellent 

Flood plain Comprises of unconsolidated materials like gravels, sand, and 

silt. 

45.28 Excellent 

Source: Interpretation from Satellite data and field survey during 2013-2014. 

 

Land use/land cover 

For identification of ground water 

potential zone, the major LULC classes 

are taken into consideration i.e., (i) built-

up land, (ii) waste land, (iii) mono crop 

land, (iv) double and multi cropland, (v) 

forest and (vi) water bodies (fig. 5). 

Different LULC classes were given 

different weightage based on their 

infiltration and runoff capacity. The 

water bodies and crop land have been 

given higher weightage than scrub land 

and forest as crop land require huge 

amount of water and percolate water for 

longer time. The lowest priority has been 

given to waste land and built-up land as 

waste land and built-up area are devoid of 

vegetation and non-permeability nature 

of sub soil. 
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Fig. 5: Land use/land cover map (NRSA classification scheme 1990) 

 

Slope 
The nearly level slope area characterized by agricultural land as result the surface 

runoff is slow and allowing rainwater have more time to infiltrate into the sub surface 

(alluvium) and considered as excellent ground water potential zone, so higher weightage is 

given to this category (fig. 6). Moderately high slope category produces more runoff with 

comparatively lesser infiltration and it will have poor ground water potential. 

 
Fig. 6: Slope map (Wentworth method) 
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Table 3: Weightage of different classes for identification of groundwater prospect zone 

Factors Class 
Total 

weightage 

Individual 

weightage 

Hydrogeomorp

hology 

Flood plain 

23 

23 

River terrace 20 

Lower alluvial plain  18 

Upper alluvial plain  16 

Valley fill 14 

Lateritic upland (lower) 12 

BPM  10 

BPS 8 

Dissected lateritic upland 6 

Pediments with residual hill 4 

Slope 

< 1
0
 

15 

15 

1
0
 - 2

0
 10 

> 2
0
 5 

Geology 

Alluvium 

18 

18 

Granitic gneiss 13 

Pyroxene granulite 8 

Laterite  3 

Land use/Land 

cover 

Water bodies 

18 

18 

Double crop  15 

Mono crop 12 

Forest  9 

Waste land  6 

Built-upland 3 

Lineament 

density 

< 1 km/km
2
 

11 

6 

1-2 km/km
2
 9 

> 2 km/km
2
 11 

Drainage 

density 

< 1 km/km
2
 

9 

9 

1-2 km/km
2
 6 

> 2 km/km
2
 3 

Hydrological 

Soil Group 

A 

6 

6 

B 4 

C 2 

D 1 

 

Lineament Study 
By visually interpreting the satellite 

imagery and trace from quadrangle map, 

the lineaments of the study area are 

picked up and traced on the basis of 

tonal, textural, soil tonal, vegetation, 

topographic and drainage linearity, 

curvilinear ties and rectilinear ties (Das, 

2017). The area located in the 

Chotanagpur gneissic complex, lineament 

density and lineament intersection is 

medium to high, hence it has good 

ground water prospective zones due to 

lineaments, and lineament orientations 

are along the direction of drainage line 

(fig. 7). 
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Fig. 7: Lineament density map  

 
Fig. 8: Drainage density map 

 

Drainage Density 
In the present study maximum area 

belongs to coarse (322 km
2
) and 

moderate (364 km
2
) drainage density and 

small area (41 km
2
) falls under fine 

drainage density category. The coarse 

drainage density region allows high 

infiltration as highly permeable subsoil 

material and low relief. Thus this region 

has better ground water potentiality 
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compare to moderate and fine drainage 

density region (fig. 8). 

Hydrogeological Soil Group 
The soil is an important factor for 

delineating the ground water potential 

zones. In the study area, five type of soil 

texture (sandy loam, clay loam, silty clay 

loam, clay and sandy clay loam) and ten 

soil series association (Lithic 

Ustochrepts, Typic Plinthustalfs, Typic 

Ustorthents, Udic Ustochrepts, Ultic 

Paleustlaf, Vertic Haplaquepts, Typic 

Haplaquepts, Vertic Ochraqualfs, Typic 

Ustipsamments, Typic Ustifluvents) have 

been taken into consideration for 

hydrogeological soil group mapping. (fig. 

9). 

 
Fig. 9: Hydrological Soil Group map  

 

Validation with Borehole Yield and 

Depth to Water Level Data 
The final output map of ground water 

potential zone is further validated with 

the data related to yield potentialities of 

different borehole/tube well (SWID, 

2014 and field survey 2013-2014) in the 

study area and revealed a good 

correlation with respect to the observed 

ground water potential zonation. The low 

yield tube wells are situated in the 

pediment region. The bore well yield data 

reveals that medium yielding wells (50-

100 litre per minute) are in and around 

the moderate to high lineament density 

zone and buried pediment medium 

region. The depth to water level map of 

pre-monsoon reveals that there is 

progressive deepening of the water level 

from northern part to southern part of the 

basin (fig 10a). In the western part of the 

study area BPM and lateritic upland 

experience the fluctuation between 3 - 4 

m. Pediment region is characterized by 

high fluctuation of water level (4-5 m and 

5-6 m.) and this situation is also noticed 

in BPM and lateritic upland in the middle 

catchment respectively (fig 10b). 
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Table 4: Characteristics of wells and their yield range in different part of the Sali basin 

Yield 

range of 

wells 

Depth to water level (m) Depth 

range of 

wells (m.) 

Aquifer material Hydrogeomor

phic region Pre-

monsoon 

Post-

monsoon 

Fluctuat

ion 

20 - 30 

LPM/ 

10-15 

m3/day 

6  - 10 2 - 4 3 - 6 5-15 m Weathered rock Pediment 

region. 

30 - 50 

LPM/ 

15- 25 

m3/day 

5 - 10 2 - 6 4 - 6 80-100 m Weathered 

material, 

fracture rock  

BPS and 

lateritic 

upland. 

50 - 100 

LPM/ 

25-50 

m3/day 

4- 6 

 

6-8 

2-4 

 

4-6 

3-4 

 

2-4 

50-80 m 

 

40-50 m 

Weathered 

material and 

fissured rock 

Weathered 

material 

BPM, lateritic 

upland lower. 

100 - 200 

LPM/ 

50-100 

m3/day 

2-8 

 

2-4 

2-6 

 

2-6 

0-2 

 

1-2 

10-40 m 

 

30-50 m. 

Loose sediments 

(clay) 

Unconsolidated 

sediments. 

Alluvial plain. 

Valley fill 

upper and 

lower 

200 - 400 

LPM/ 

100-200 

m3/day 

2-6 2-6 0-1 2-6 Loose sediments 

(sand). 

Flood plain, 

river terrace, 

and lower 

alluvial plain. 

Source: SWID 2014, NRSC, 2006 and well observation during April-May, 2013-2014 & Nov, 

2013-2014. 

    
Fig. 10a: Pre monsoon depth to water level map and fig. 10b Water level fluctuation map 

 

Delineating the Groundwater Potential 

Zone 
The groundwater potential zones for 

the study area have been prepared 

through the integration of various 

thematic maps viz., geology, 

hydrogeomorphology, slope, drainage, 

LULC, lineament, and HSG using remote 

sensing and GIS techniques. Each 

thematic layer has been assigned a 

weightage depending on its influence on 

groundwater recharge. The demarcation 

of groundwater potential zones for the 

study area has been made by overlaying 
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of the thematic layers through weighted 

multi influencing factor and finally five 

groundwater potential zones (excellent, 

very good, good, moderate, and poor) 

have been demarcated in the study area. 

The ground water potential map (fig.11) 

demonstrates that the very good ground 

water potential zone is concentrated in 

the valley fills region due to lineament 

intersection and lineament density is high 

to medium and moisture content is high 

throughout the year. In some pediment 

region of the basin lineament act as direct 

conduits of ground water movement as a 

result depth to water level is shallow in 

the wells in and around medium to high 

lineament density zone. But in the 

lateritic upland region lineaments are in 

less, so ground water potentiality is very 

low and this area is not suitable for 

ground water targeting (Das, 2017). 

About 28.70% of the total area falls 

under ‘poor’ ground water potentiality, 

15.65% falls under ‘moderate’ ground 

water potentiality, 19.45% falls under 

‘good’ ground water potentiality, 11.20 

falls under ‘very good’ ground water 

potentiality and 25% have ‘excellent’ 

ground water potentiality. As the basin 

receives sufficient rainfall during the 

monsoon season and maximum area falls 

under the good to excellent ground water 

potentiality, sustainable management of 

ground water resource will be helpful for 

better agricultural activity. 

 
Fig. 11: Hydrogeomorphological and ground water prospect map 

 

Conclusions 

The combined application of remote 

sensing, GIS, and MIF techniques are 

very much effective tool in the 

delineation of ground water potential 

zones in the Sali basin, West Bengal. 

Satellite based remote sensing data in 

conjunction with ancillary data and 

sufficient ground truth information make 

it possible to identifying and mapping 

lineament, hydrogeomorphic feature, 

LULC, drainage, etc. that influence the 

storage, movement and occurrence of 

ground water. From 
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hydrogeomorphology and ground water 

prospect map, it is observed that high 

potential zones are located along 

lineaments and in river terrace, lower 

alluvial plain and flood plain areas. These 

hydrogeomorphic units have good 

recharge conditions as they are constitute 

of unconsolidated sand and alluvium. 

Upper alluvial plain and valley fills are 

very good potential zone and yield range 

of well is 100-200 LPM. The 

hydrogeomorphic units like BPM, BPS 

and lateritic plain are moderate potential 

zone as lithology is mainly comprises of 

moderate overburden of weathered 

materials and latosol. Presence of 

numerous faults and lineaments in the 

BPM and BPS provide the recharge zone 

for ground water so these regions are 

hydro-geologically very important for 

groundwater exploration and 

development. Dissected lateritic upland 

and pediments with residual hills are poor 

ground water prospecting zones and yield 

range of well is 20-50 LPM. The 

hydrogeomorphological and ground 

water prospect map is a systematic effort 

and depicts hydrogeomorphological 

aspects, which are essential as basis for 

planning and execution of future ground 

water exploration and management plan 

to ensure sustainable ground water 

utilisation. So this study will help 

planners and decision makers for 

identification of suitable locations for 

extraction of water, as well as 

academicians for further research on this 

area. This will lead to the betterment of 

human society of the region. 
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