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Abstract The main objective of the study is to identify groundwater potential zones in Thirumanimuttar basin with an integrated
approach using Remote Sensing and geographical information system (GIS). FCC Image of Landsat TM 30 m resolution data and
topographic maps has been used to generate thematic maps like geology, geomorphology, lineament and lineament density, drain-
age, drainage density, and slope map of the study area. A number of geomorphic units such as Denudational hills, structural hills,
Bajadas, Colluvial plain, Pediplain, Deep Pediment and Alluvial plains have been observed. A composite groundwater potential
map has been generated as very high, high, medium, low and very low based on the groundwater availability area. The upper, mid-
dle and downstream of the basins have been identified as potential zones for groundwater exploration. The regions of lineaments
and intersecting lineaments proved for groundwater potential zones. The data generated was validated with field checks and ob-
served to be in conformity with the same.
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judicious use of groundwater, its proper evaluation is
Introduction required for optimal utilization. With groundwater oc-

currence being a subsurface phenomenon, its identifi-

Groundwater is an important 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
threat to this valuable resource. A groundwater devel-
opment program needs a large volume of multidisci-

plinary data from various sources. In order to ensure a
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cation and location are based on indirect analysis of
some direct observable terrain features like geology,
geomorphology and their hydrologic characters. In the
last few decades, Remote Sensing (RS) and Geo-
graphical Information System (GIS) techniques have
been used in different field of sciences in which it pro-

vides an opportunity for better observation and more
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systematic analysis of various identification and de-
marcation of groundwater resources.

RS and GIS are playing a rapidly increasing role
in the field of hydrology and water resource devel-
opment." In developing accurate hydrogeomor-
phological analysis, monitoring, ability to generate
information in spatial and temporal domain and de-
lineation of land features are crucial for successful
analysis and prediction of groundwater resources.®”)
However, the use of RS and GIS in handling large
amount of spatial data provides to gain accurate in-
formation for delineating the geological and geo-
morphological characteristics and allied significance,
which are considered as a controlling factor for the
occurrence and movement of groundwater[s‘lo] used
IRS LISS II data on 1: 50000 scale along with topog-
raphic maps in various parts of India to develop inte-
grated groundwater potential zones by qualitative
analysis in terms (i.e., good to very good, moderate to
good and poor)[”], used GIS for the analysis of
lineament data derived from SPOT imagery for
groundwater potential mapping. For the assessment
of groundwater resources of Northwest Florida, we
took the advantage of GIS for spatial analysis and
data visualization."'”) Developed a GIS-based model
for delineating groundwater potential zones of
Marvdaiyar basin, Tamil Nadu, India, by integrating
different thematic layers derived from remote-sensing
data. Same types of studies were applied in different
parts of India by Ref.[5,8,13,14].

Water resources in India are very unevenly dis-
tributed both spatially and temporally. Idiosyncrasies
of monsoon and diverse physiographic conditions
give rise to unequal distribution of water. Over the
years, population growth, urbanization and agricul-
tural expansion have exacerbated the situation. The
aftermath of unscientific exploitation of groundwater
is that we are moving towards the water shortage
condition. Even now, some parts of the country are
facing acute water crisis. Despite being a very impor-
tant part of the nation’s growth, water resource analy-
sis has been fragmentary. An integrated study cover-
ing the aspect of identification of groundwater poten-
tial zones is a crucial requirement of the present day.
We enhance the efficiency and performance of plan-

ning, utilization, administration, and management of

(15161 The present work is

the groundwater resources.
an attempt to integrate RS and GIS-based analysis and
methodology in groundwater potential zone identifica-
tion in hard rock terrains. It is necessary to understand
different types of landforms and their characteristics,
rock types, geological structures and how they evolved
with respect to each other, hydrological characteristics
and slope in order to demonstrate the integrated remote
sensing and GIS-based methodology for identification
of groundwater potential zones, Thirumanimuttar sub
basin, which forms the integral part of the Cauvery ba-
sin, has been taken as the study domain.

1 Study area

Thirumanimuttar Sub-basin is a major tributary
of river Cauvery, which lies between North latitudes
10°58" and 11°48' and East longitudes 77°53' and
78°21' (Fig. 1). It originates at Manjavadi in Salem
district and configures in river Cauvery at paramati
Velur in the Namakkal district of Tamilnadu. The
river course is about 102 km with a total drainage of
2438 km®. Thirumanimuttar forms an important
groundwater province in south India, facing serious

I The serious

scarcity in groundwater quantity.!"’
problem in the area is rapid growth population and
intensive industries, and economic activity has in-
creased. Generally, the basin is precarious for surface
flow but receives meager flow during rainy season. It
acts as a major sink for domestic and industrial ef-
fluents along with agricultural return flow. Thus,
groundwater as the only water source has extensively
been used to meet the increasing demand for domes-

tic, irrigational and industrial requirements.
1.1 Geology

The study area is entirely underlined by Archean
crystalline metamorphic complexes. The rocks of this
group are highly weathered, jointed and covered by
recent valley fills and soil covers at some places (Fig.
2). A wide range of rock types occurs which is found
to be experienced by recurring tectonic and magmatic
activities in Precambrian period which resulted in
complicated structure and geology. The study area
composed of many folds, faults, lineaments, shears and
joints. The geology of the area is underlined by rocks
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dentritic to sub-dentritic.

The occurrence and movement of groundwater
in hard rock areas mainly controlled by the secondary
porosity and groundwater occur under water table to
semi confined conditions. Groundwater generally
occurs in weathered portions of the rocks along joints
and fractures. The occurrence and movement of
groundwater in the study area are restricted to an
open system of fractures like fissures and joints in
unweathered portion and also the porous zones of
weathered formations. The weathered layer in gneissic
terrain of the study area varies from 2.2 to 50 m. In
Charnockite, thickness was ranging between 5.8 and
55m. At contacts of gneiss and Charnockite, thickness
ranges between 9.0 and 90.8 m indicating good
groundwater potential zones. Groundwater fluctua-
tion ranges from 0.2 m to 13.5 m BGL. It reaches the
lowest level during summer (March-June), and after
that, it starts rising till the end of the monsoon season
(August-January). Groundwater flow was noted in the
North East direction and, along with downstream
flow, is due west to east which generally coincides
with the topography of the study area. The study area
falls under a semiarid climatic type, and the areas
over and adjacent to Shervaroy hills and Kolli hills
are of dry to moist sub humid climatic types.

2 Methodology

For the groundwater resource development in an
area, the following methodology may be undertaken
which integrates remotely sensed data. The survey of
India toposheets may be used for the preparation of
the base map. The methodology of generation of the-
matic maps such as lithology, hydro-geomorphology,
drainage and lineaments of the study area requires
visual interpretation of satellite remote-sensing data.
Identification and delineation of various units on the
thematic maps are based on the colour, tone, texture,
size, pattern and association. Survey of India (SOI)
topographic maps (No. 581/1, 581/2, 581/3, 581/4, 581/5,
581/6, 581/7, 58E/14, S58E/15, 58E/16 of scale
1:50000) were used for the preparation of base maps.
Geology, geomorphology, drainage and lineament
maps are generated from FCC Image of Landsat 7 TM.

Drainage density, lineament density and groundwater

prospects maps were prepared by ARC GIS (Version
9.1) software. The methodology adopted is tabulated
below (Fig.3).

Primary data

[ Satellite data sources|

Secondary data

[ Survey of India: topographical map |

L—=| Visual interpretation

Thematic maps
1.Geology map
2.Geomorphology map
3.Lineament map
4.Drainage map

Field verification

[ Update of individual maps ]|

Integration and logical analysis in
y GIS data sources

[ Groundwater prospect |

Fig. 3 Flowchart for evaluating groundwater resources
by integrated remote sensing and GIS techniques

All the thematic maps are verified through field
checks. The thematic details thus finalized are trans-
ferred to the base map prepared from the survey of
India toposheets. A typical method used in GIS mod-
elling is to compute numerical values for each spatial
feature in a theme and classify the numerical values
on an interval basis known as Weighted Index Over-
lay Analysis. This method takes into consideration the
relative importance of the parameters and the classes
belonging to each parameter. There is no standard
scale for a simple weighted overlay method. For this
purpose, criteria for the analysis should be defined,
and each parameter should be assigned importance.!"”)
The result of the overlay analysis compared with
manual evaluation has been made during the period
of the study.

3 Results and discussion

3.1 Hills/denudational hills (DH)

The denudational hills (Fig. 4) mainly consist of
highly fractured rocks covered with big pebbles and
sparse vegetation occurring superficially due to the
accumulation of moisture holding soils.”*2" The bad-
land topography of this region is due to the erosion of
fine material from the bottom of the denudational hill

to the plain region, leaving the rock exposed. This
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zone has geological potential for groundwater because
of occurrence of fractured rocks through which rain-
water percolates and groundwater is recharged. But the
groundwater flows away towards the adjacent plains.
Therefore, groundwater prospecting is less feasible
than in the surrounding plains. Thus, the groundwater

potential is moderate to poor.
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Fig. 4 Geomorphology map of the study area
3.2 Bajadas (B)

Bajada represents geologic conditions that are
excellent for obtaining groundwater in large quanti-
ties from wells. Water infiltrates readily in the coarse
materials at the heads of the fans and moves down the
bajada under a hydrostatic head. Bajadas are the main
geomorphic units that are present very close to the
foot hills of the study area. Generally, the bajada zone
is excellent for groundwater targeting especially in the
hilly region. Bajadas are located along the Eastern side,
and it has occupied a very small portion of the area.

3.3 Deep pediments (DP)

Deep pediments are mainly due to high weath-
ering of the Granitic gneisses under semi-arid cli-
matic conditions. It is characteristically defined as a
gently sloping topography; when deep, its infiltration
is moderately good. The thickness of the weathered
zone varies from 10 m to 20 m and favors a good
amount of water to circulate within this zone before

reaching the deeper fracture zone. Deep pediments

are found as a detached unit throughout the study area.
The groundwater potential zone is good to moder-
ately good.

3.4 Structural hills (SH)

Structural hills are the linear or arcuate hills ex-
hibiting definite trend lines and Charnockites and
Granitic gneiss formations. These hills are structur-
ally controlled with numerous joints/fractures which
facilitate some infiltration and mostly act as run-off
zones. The structural trend of the hills ranges in the
southwest to northwest direction with slight deviation
towards the eastern part of the study area. The slope
of the hills ranges from 2° to 4°. The distribution of
lineament is comparatively less, and hence, the

groundwater availability is moderate to poor.
3.5 Pediplain (P)

Pediplains are developed by continuous proc-

esses of pedimentation. Pediplain with me-
ta-sedimentary rock exposures (Granitic Gneiss and
Charnockite) is to be found in the central part of the
area. This is formed due to intensive weathering of
rock materials under semi arid climatic conditions,
representing the final stage of the cyclic erosion.?* !
In the study area, 48.07% of the area is mainly covered
with Pediplain. Groundwater prospect in a pediplain
region is good when associated with lineament interac-
tion.* Pediplains with lineament interaction have

been identified in the centre of the study area.
3.6 Colluvial plain (CP)

Any material that has been transported for short
distances from the source essentially by gravity and
especially near the foot hills is considered as colluvial
or colluvial deposit. CP is composed of sandy, silt and
gravel in different proportions. The CP slowly merges
with the river built plain, and the zone of contact of
the two is often found to be a transitional one. CP is
identified in the foot hill area along the north-eastern
part of the study area with very high groundwater
availability.

3.7 Alluvial plain (AP)

AP is defined as a level plain, gently sloping
with slightly undulating land surfaces. It is encom-



22 Geo-spatial Information Science 14(1):17-26

passed of alluvial type of deposits like sand, silt and
clay materials. These are the fluvial depositional
plains built on either side of a river course due to the
shifting of the river course during its long geological
history. AP is marked as a zone of good groundwater
prospects because of their good recharging capacity.
The APs are identified as small pockets along the
middle and down course of the study area with in-
variably good groundwater potential zones.

3.8 Lineaments

A lineament is defined as a large-scale linear
feature, which expresses itself in terms of topography
of the underlying structural features and relatively
straight tonal alignments visible in satellite images.
The satellite data of Landsat TM Image of FCC
(False color Composites) have been visually inter-
preted to identify the lineaments of the basin. The
data have been checked by field studies, and they act
as pathways for groundwater movement in hard rock

25-2 . .
(2527 In general, lineaments are considered as

areas.
good potential zones for groundwater targeting, as
they reflect high porosity and hydraulic conductivity of

(142829 \ost of the lineaments

the underlying materials.
are confined to the locations where Pediplain, Deep
Pediment and Colluvial Plain are exposed. The linea-
ments trending NNE-SSW, NE-SW, NW-SE and NS
are identified in the study area indicating regions of

good groundwater availability (Fig. 5).
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Fig. 5 Lineament map of the study area

3.9 Lineament density

To determine the lineament density in the study
area, the total study area is subdivided in a number of
grids of dimension 1 km x 1 km. The density of the
lineaments of a single grid is obtained from the val-
ues of the total length of the lineaments in a single
grid (XL). Calculation of the density of the lineaments
in the area involves the ratio of XL to A. By calculat-
ing the value of £L/4 for each grid and locating the
value at the centre of that grid, the density of the
lineaments of the study area is calculated. These val-
ues are joined by isolines to prepare a lineament den-
sity map using GIS software. High lineament density
(Fig. 6) is observed in over the hilly terrain, pediplain
and deep pediment and moderate-to-low lineament
density over the colluvial plains. This shows that the
hills are structurally controlled. Lineament intercep-
tions were observed at a few regions in Pediplain
with potential zones for groundwater.
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Fig. 6 Lineament density map of the study area
3.10 Drainage

A drainage map is a plan of all streams or river
systems in a drainage basin. Drainage analysis in-
volves a detailed examination of the drainage patterns,
drainage texture and stream patterns. The drainage
pattern map has been prepared from a survey of India
toposheets. The drainage type is mainly dentritic, and
a few locations have the trellis type. It is also ob-
served that, in almost all watersheds, new drainages

have come up, and a stream has changed its course in
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the southern side of the study area. Stream orders are

11,30 .
3% The main

classified on the basis of its origin.!
stream has the highest order from river-mouth to the
head of a stream, and the largest tributary has lower
stream order by 1 than the stream. Generally, stream
order increases, the numbers and the mean gradient of
streams decrease in an inverse geometric ratio and the
mean length of streams and the mean area of drainage
basin increase. The study area streams have the
shortest, and the steepest streams have the smallest
drainage basins. A first-order stream network was
observed in the majority of the area (Fig. 7).
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Fig. 7 Drainage map of the study area

A hilly terrain with closeness in the drainage
pattern is proved as zones of poor groundwater po-
tential, as a major part of the water poured over them
during rainfall is lost as surface runoff with little in-
filtration. On the contrary, a low drainage density area
permits more infiltration with greater potential for
groundwater. The structural analysis of a drainage
network helps to assess the characteristics of the
groundwater recharge zone. Drainage is noted more
in the hilly regions when compared with the rest of
the area, indicating poor groundwater potentials. But
along the northern side of the area lineaments are
more, indicating favorable locations for groundwater

potential zones.
3.11 Drainage density (DD)

It is noted as one of the prime indicators for the

location of groundwater potential zones in hard rock
terrains like the study area. It is also an indirect
measure of porosity and permeability of a terrain. DD
is defined by the total length of the streams in a given
drainage basin, divided by the total area, indicating an
expression of the closeness of spacing of channels.
DD provides a quantitative analysis of the average
length of stream channels stretching the entire part of
the basin. The DD values were grouped into eight
categories with value ranges from 0 to 550 (Fig. 8).
Higher values are confined to the hilly terrains with
low groundwater availability; the higher value is
noted from the hilly terrain. Hence, in this region,
groundwater availability may be very low.
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Fig. 8 Drainage density map of the study area

3.12 Slope

Slope is also a crucial parameter for occurrence
and recharging conditions of groundwater in a particu-
lar area. The slope is measured in degreesm. A layout
grid of 2 cm has been prepared and overlaid on the
topographic map, and the average slopes have been
delineated. General slope track is NE-SW direction of
the study area (Fig. 9).

The identified slope categories vary from 1° to
more than 85° in the study area (Table 1). Slope degree
has been classified on the basis of water availability in
the study area.””"! On the basis of the above classifica-
tion, 0° to 1° and 1° to 3° are observed along the river
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Fig. 9 Slope map of the study area

flow direction. 5° to 10° degrees is noted in upstream
and middle of the basin which indicates good poten-
tial is present in the area. A high degree (>35°) is
confined to the hilly region which, in turn, indicates
that groundwater availability is poor to nil.

Table 1 Classification of slope degree on the basis of
groundwater availability

Slope degree in range Category
0°-1° Excellent
1°-5° Very good

5°-10° Very good

10°-15° Good - moderate

15°-35° Moderate to poor
> 35° Poor to nil

Table 2 Different hydrogeomorphological units, their characteristic and groundwater potentiality

Hydrogeomor- Area . . . . Groundwater
D t 1 1 D L t
phic unis (km?) escription symbo Soils rainage Lineamen availability
. . 184.85 Level plain, gently sloping with Gravel, sand, silt and . . Very high
Alluvial plain . . . Medium Nil .
(7.58%) slightly undulating land surfaces. clay materials. to high
It is formed by series of stream depo- Thin layer of soil and . . .
Bazadas 2.69 (0.11%) . . . Medium Nil High to low
sition along the foot hill. gravel
Any material that has been trans-
ported for short distances from the ) . . .
. ) 354.8 ] ] Sandy-silty-gravel in Medium . Medium to
Colluvial plain source essentially by gravity and es- . High .
(14.55%) . o . different proportions to Poor high
pecially near the foot hills is consid-
ered as Colluvial deposit.
. 394 Gently sloping topography; very Sand, sandy silt and Moderate . Very low
Deep pediment High .
(16.16%)  deep clay to good to medium
Denudational 267.73 Fractured rocks covered with big Sand, silt, clay and Good Low  Moderate to
00
hills (10.96%)  pebbles Hill soils to High poor
Moderately sloping plain with <10m Shallow weathered .
L 1,172 . . . . Medium to
Pediplain thickness of weathered zone Granitic and Char- Medium High .
(48.07%) ) high
nockite
The linear or arcuate hills exhibiting
. 61.93 . . . . . Low to very
Structural hill definite trend lines and Charnockites, Hill soils Very good  Low
(2.57%) low

Granitic gneiss formations.

4 Generation of groundwater pros-
pect map

Finally, the groundwater prospect maps (Fig. 10)
have been prepared by integrating information from
all the thematic maps like geomorphology, lineament
and LD, drainage, DD and slope. In this method, the
total weights of the integrated polygons that were ul-
timately formed were derived as a sum or product of

the weight that had been assigned to the different lay-
ers according to their groundwater suitability.**>*!
Then the polygons of the final integrated layer were
reclassified as very high, high, medium, low and very
low/not suitable based on the weight ranges obtained
from logical conditions that had been established.
Very high and high zones are observed in regions of
colluvial plains, high drainage density, lineament
density and along the lineament interaction indicating

the availability of water in the subsurface. Medium



MURUGESAN Vasanthavigar, et al./ Groundwater Potential Zoning in Thirumanimuttar **+ 25

zones are confined to 70% of the study area with low
drainage density and with meager or absence of li-
neaments. Low and very low zones are confined to
the hilly regions, scarp slopes, pediments, pediplains
and structural hills which do not favor much infiltra-

tion and with less groundwater availability.
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Fig. 10 Groundwater prospects map of the study area
5 Conclusion

Mapping of groundwater resources has been in-
creasingly implemented in recent years because of
increased demand for water. The importance of the
study is, instead of taking only one characteristic to
identify potential groundwater zones, integrating the
thematic maps prepared from conventional and re-
mote sensing using GIS gives more and accurate re-
sults. Presence of colluvial plain, high drainage den-
sity and interaction of lineaments were identified as
prospective zones for groundwater exploration and
development in the study area. The presence of inter-
secting lineaments in the area enhances the potential

of groundwater.
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