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ABSTRACT

Hydrogeomorphological study has been carried out to demarcate shallow
groundwater prospecting zones of the Solani watershed in Haridwar district,
Uttranchal, India. An integrated geographic database, consisting of spatial and non
spatial data, has been generated for the study area using remote sensing and
geographical information system (GIS) technique coupled with ground truth
investigations. The spatial database layers like hydrogeomorphology, land
use/land cover, soil, slope and geology generated from topographic maps and
satellite data while the non spatial data is derived primarily from ground checking

during field survey and from the available literature. These data have been stored
in the GIS databank for digitization, computational purpose and output generation
to locate the availability of shallow groundwater in solani watershed for
prospecting purposes. The result had been show that the southern part of solani
watershed associated with hydrogeomorphological unit of lower piedmont
(covering 367 km?) has very good to excellent categories of prospect zones while
the shallow groundwater prospect zones is very poor in the northern part (hilly
area) covering about 163km’of the study due to steeply slopes and very high
drainage densities which are grouped together as runoff zone in the study area. In
the middle part associated with upper piedmont zone, the category of prospecting
shallow groundwater is good and covering about 96 km? of the area with gentle
slope and low drainage density. The present study shows that a spatial technique
has been proved to be very efficient in delineation of groundwater prospect zone
of the considered area.

Introduction

In recent times, there has been rapid growth in
industrialization, population and agricultural activities
that has lead to tremendous increase in demand for fresh
water [1]. This resulted in creating pressure on the fresh
water resources leading to overexploitation, reducing the
groundwater level and increasing the scarcity of water.
In the study area the principal source of ground water
recharge is through rainfall, although the river and
streams emerging from Siwalik Hills also form a
significant recharge source. These resources under threat
due to depleting water table, which is causing land-
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degradation so exploration of groundwater in this
regions is necessary and require use of suitable
techniques to give optimum result. The present study is
undertaken to delineate the shallow groundwater
prospecting zones in the Solani watershed in haridwar
district, India using Remote Sensing and Geographical
Information System (GIS) techniques. Remote sensing
and GIS applications have been used by numerous
scientists in mapping of groundwater prospect zones [2],
[3], [4] and [5]. A number of studies have also been
carried out using remote sensing techniques for
geomorphological and geological studies which include
the investigations of [6] [7] [8] [9] [10] and [11]. The
advent of Remote Sensing has opened up new vistas in
geological, geomorphological and structural mapping for
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groundwater exploration. The satellite imagery also
portrays an unbiased picture of the area providing
integrated information on different terrain factors
controlling the groundwater regime.

Solani Watershed is a sub watershed of the river
Ganges and Ganges is the largest river in India. It is
situated between latitudes 29° 49' 00" to 30° 17' 21"
North and Longitude 77° 43' 19" to 78° 04' 21" (Fig.1)
and it is belongs to state of Uttaranchal in northern part
of India.

The main geological formation in the study area
is Siwalik rocks and alluvial deposits. The alluvial fan
deposits of recent age (referred to as the Piedmont zone)
are made up of assorted sands and gravels with
occasional clays. The belt extends in an elongated
manner along the foothill region, roughly in a NW-SE
direction. After necessary ground checking and
correlation with the existing literature [12] [13] [14], the
geologic units were mapped using Arc View 3.3 [15]
software to prepare a thematic map for the geology of
the area (Fig. 2).

Materials and Methodology

The occurrence and movement of groundwater
in an area is controlled by geological and environmental
parameters [5] and [16]. In this project both satellite as
well as extensive field data were used for preparation of
various thematic maps. As far as satellite data is
concerned Indian Remote Sensing (IRS) LISS I1l image
was used for the interpretation on 1:50,000 scales and
analysis. In addition to the satellite imagery, the
secondary data which was used also including Survey of
India (SOI) topographical maps, and other literatures.
The Image processing software ERDAS 9.2 [17], is used
to enhance (IRS), LISS Il image for interpretation of
the hydrogeological features, which mainly include
hydrogeomorphology, geology, landuse/ landcover,
soils, slope and drainage density. The thematic maps so
prepared by interpretation were digitized in Arc View,
(version 3.1) platform. This analog to digital conversion
was done for overlay analysis of all the thematic maps in
order to delineate the groundwater prospect zone of the
study area.
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Result and Discussion

The hydrogeomorphological map of the solani
river watershed has been prepared from integrating of
the topographic maps, remote sensing data, checking
during field survey and available literature. Based on
hydrogeomorphological characteristics, the area is
classified into four hydrgeomorphic units. The
hydrogeomorphic boundaries are digitized on the
enhanced image through GIS and used to generate the
hydrogeomorphological map as shown in Fig. 3. The
hydrogeomorphic units of the area are classified under
fluvial origin, denudational origin and structural origin.
The aerial coverage of different units and their water
prospects are given in table 1. Depending on the
hydrogeomorphological map hydroge- omorphological
section was also drawn to explains
hydrologeomorphological units of the study area extends
from north to south of the study area Fig.4.

Topographic information has been collected
from the Survey of India (SOI), topographic sheet on a
1:50,000 scales and a Triangulated Irregular Network
(TIN) have been generated from topographic contours
(20 m interval) and spot elevations. A slope percent map
has been generated from the TIN data (Fig.5). It has
observed that nearly 40% of the total area in the
southern part which represent the hydrogeomrphological
units of Lower Piedmont has slopes of 0-1% and the
steep slope (more than 23%) are found in the northern
and northeastern parts of the Upper Piedmont. Based on
the slope percent map most promising area for
groundwater development is the lower piedmont zone in
the southern part of solani watershed.

The drainage network of the solani watershed
was delineated using satellite data IRS-1D (LISS-I1I
data) and Survey of India toposheets as reference. The
morph metric analysis of the watershed has been carried
out using ERDAS Imagine software 9.2 [17], and Arc
view GIS 3.3 version [15]. The drainage network
exhibits dendritic on higher slopes and subdendritic on
gentle slopes which indicate that homogeneous materials
are covering the area controlled by minor structures. The
drainage density of the study area varies between 0 to
1.4 km/km? (Fig.6) which observed that area
impermeable materials in the plain area and structurally
controlled in the hilly area. High drainage density leads
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to increased runoff and reduced infiltration of
groundwater and as a result, groundwater is low in these
areas. Accordingly the southern part of study area has
excellent groundwater prospect while the northern part
(Hilly area) is very poor.

Loam, sandy loam, Loamy sand and Sandy are
the main soil types found in the solani river watershed
(Fig.7). Mainly upper hilly area contain sandy loam
while lower flat terrain dominated by loam and loamy
sand. Sandy soil is the most promising area for shallow
groundwater prospecting because of the sandy soil is a
high permeability and help on water percolating into the
ground

There are major six lands use types are found in
the watershed (Fig. 8). These are dense forest, sparse
forest, scrub, agriculture, fallow land, agriculture and
seasonal river.

Forests cover around 27 % of the total area
especially in hilly part of the basin and more than 36 %
of the land belongs to agriculture in lower flat terrain.
Wheat is grown as a seasonal crop during rainy season
while mango orchards are prominent as perennial crop.
Sugarcane cultivation is prominent in southern end of
the watershed. In general, cultivated (agriculture) land is
the most promising area for groundwater development
because of this type of land uses reduces the discharge
of water and helps water seeping into the ground.

Depending on above discussion the entire area is
gualitatively divided into four different groundwater
prospecting zones namely excellent, very good, good
and poor to very poor. These zones are shown in table 2.
It has been observed that the groundwater prospective in
the northern part of the study area represented by hilly
area and covering about 163 km? is poor to very poor,
due to very steep slopes and very high drainage densities
which are resulting in low infiltration and high runoff. In
the middle part associated with Upper Piedmont unit
(covering 96 km? of the area) the groundwater
prospecting categories is good because of gentle slope
and low drainage density. In the southern part which
represent the Lower Piedmont hydrogeomorphic unit
about 125 km? of area has very good and 242 km? has
excellent groundwater potential due to gentle slope and
very low drainage density.
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Conclusions

Hydrogeomorphological study has been carried
out in this study to demarcate the groundwater
prospecting zones of solani watershed using remote
sensing and GIS technique. This study has brought out
the importance of hydrogeomorphological studies
indicating the preliminary shallow groundwater
prospecting zones in the area of study. Broadly, the
delineation of hydrogeomorphic features; slope, landuse
and drainage density maps help in identifying
groundwater prospecting zones of the considered area.
The results indicate that the southern part of the study
area has a very good groundwater prospect for meeting
the demand of water for irrigation and domestic
purposes whereas the steeply sloping area in the
northern part, having high relief, has a poor groundwater
potential. The resulting delineation of groundwater
prospect will serve the twin benefit of helping the field
geologists to quickly identify the prospective
groundwater zones for conducting site specific
investigations and select the sites for planning recharge
structures to improve sustainability of drinking water
sources, wherever required.
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Table 1: Hydrogeomorphological unit based on
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