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ABSTRACT

A systematic planning of groundwater developmenihgismodern techniques is essential for the proper
sustainable groundwater resource management. bBoadyvater potential zones have been evaluatedwet.®onnaiyar
river basin , Cuddalore District, Tamilnadu, Indiging Remote Sensing and GIS techniques. The tiemaps
considered in this study are geomorphology, saildluse/land cover, slope, drainage density aeddirent density, which
are prepared from satellite imagery and conventidasa. The groundwater potential map was prepase@ssigning
appropriate weightage to different thematic layensl finally all thematic layers integrated usingeday analysis of
ARCGIS software to identify the groundwater recleapptential zones. Based on the weightage fadtersnap showing
these groundwater potential zones categorized as pwderate, good and excellent is prepared. &belts of this study
suggested an efficient groundwater management foarthe study area so as to ensure sustainable gearment of

groundwater resources.
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INTRODUCTION

In general, the occurrence and movement of grouteiywespecially in fractured bedrock aquifers, given area
is governed by factors such as topography, lithgplageology, geomorphology, slope, drainage patemd climatic
conditions. As a result, the groundwater potentaies from place to place, sometimes within a feeters and even
within the same geological formation (Dar et al1@p In hard rock terrain availability of groundwais limited and is
essentially confined to fractured and weatherecegzoihere are several methods employed for deiimegtoundwater
potential zones such as geological, hydrologicalophysical and remote sensing techniques. Integraif various
thematic maps results in the generation of groutelwpotential zone map. In recent times Remote iBgrend GIS

techniques are proved to be cost effective and-sawng tool .

The integrated approach of Remote Sensing and &% ®vide the appropriate platform for convergamlysis
of divergent database for decision making in noy anapping and planning of groundwater resources. &lso the
management of groundwater resources for its efficé@d cost effective use of a region or states Thidy is attempted to
develop and applies integrated method for combittireginformation obtained by analysing multi-souremotely sensed
data in a GIS environment for better understanttieggroundwater resource for a watershed in Cudelaind Villupuram

district, Tamilnadu, India

www.iaset.us anti@iaset.us
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STUDY AREA

The study area lies in between 9’ 13" and 7948’ 28" E longitudes and 150’ 18" to 1155’ 18” N latitudes
with a total area of extent of 598 kr(Figure 1). It includes five taluks namely Tiruksj Ulundurpettai, Villupuram,
Panruti and Cuddalore with a general elevation@®hbabove MSL sloping from West to East. The riigedry for the
most part of the year. Water flows during the mamsseason when it is fed by the south-west mongotme catchment
area and the northeast monsoon in Tamilnadu. Hawehie water flow raises the groundwater tabletighout the river
basin and feeds numerous reservoirs /tanks. Thémmax rainfall recorded is 1851 mm (1996-97), while minimum is
548 mm (1989-90). The maximum temperature mayupsé 40°C and decreased during winter season up t&€€27The

Index map of the study area is presented in Figjure

Figure 1: Index Map of the Study Area

Geology

The major lithology groups were noticed as Clayndand silt, Sand/Clay admixture, Horne-blende iRiot
gneiss and Gingee granite. The study area compmsasly of sand and silt combination which is a dj@haracteristic
feature of groundwater. The other geological foramat such as Clay, Sand/clay admixture, Horne lde@deiss and

Gingee granite occurred minimum which is moderat@dor characteristic feature of groundwater. Ggplmap of the

study is presented in Figure 3.
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Figure 3: Geology Map of the Study Area
Geomorphology

Geomorphology exhibits various landforms and stmadtfeatures. The geometric features of diffefantdforms
are created by the dynamic action of several gémbgrocesses such as temperature changes, fyeanih thawing,
chemical reactions, seismic shaking and moving ofdwand water. Many of these features are favoardbt the
occurrence of groundwater and are classified imsenf groundwater potentiality. There are majorrgephic units were

identified namely Pedi plain, Coastal plain, Floladp and alluvial plain are presented in Figure 4.
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Figure 4. Geomorphology Map of the Study Area
Drainage Density

Drainage of an area is based on the topographge skmd the subsurface characteristics. Drainagsitgles
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calculated as the total length of all the streants r@vers in a basin divided by the total arealaf tirainage basin. The
drainage density is inversely proportional to gmbuater prospect. If the drainage density is highoff will be high, and
infiltration of water into the subsurface will b&fexted. Hence lesser the drainage density, highéne probability of
recharge or potential groundwater zone. Drainagesitle (in terms of km/kr) indicates the closeness of spacing of
channels as well as the nature of the surface rmhtBrainage density has been calculated by Kedeekity method in
Arc GIS to understand the potential of the watedsioesupport the groundwater potential. The highirdgrge density area

indicates low infiltration rate whereas the low-dignareas indicate high infiltration rate as shawifrigure 5.
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Figure 5: Drainage Density Map of the Study Area
Lineament Density

Lineament density map was prepared by using lingsitle method. Lineaments are the appearance oérline
features that are identified from remote sensirtg.dehe predominant directions of lineaments amzbaotal from west to
east are shown in Figure 6. Directional analysidirament analysis has been carried out to dépé&toccurrence of
lineament in the area. Although lineaments haven li@entified throughout the area, the lineamentssidg is high in the
Alluvial plain, Floodplain which is considered sificant from groundwater occurrence point of vieWhe presence of
high drainage density, high-slope areas and thee @seupied by clay units are less significanthis situation, high runoff

has been generated .
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Figure 6: Lineament Density Map of the Study Area
Slope

The slope is one of the factors affecting the ftirdftion and runoff. The lower slope represents High
groundwater potential and higher slope represdmshtgher runoff i.e low groundwater potential. Tdlepe map was
prepared from SRTM DEM data. The study area hgsestanging from 0-0.35 to more than 25Most of the study area
occupies slope category of 035 as depicted in Figure 7. Since, the slope is alsdterion for infiltration, most of the

area has a gentle slope which is favourable fonmptavater potential.
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Figure 7: Slope Map of the Study Area
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Land Use/ Land Cover

The availability of groundwater quantitatively istdrmined by the land use in an area. Fig 8 shdethnd use
/ land cover pattern of the study area, which casegrof agricultural land (cropland, fallow landdgpiantation), water
bodies (stream and tank), wasteland (land with ibhomt scrub, stony waste and sheet rock areajlt-upuland and
wetland are identified from LISS IIl imagery. Irdétion is mainly (70 %) dependent on groundwater\\{B52007). The
cropping pattern depends on the climatic conditimmnd availability of water sources. Paddy, castotton, grams, guava,
and groundnut are the major crops grown in thig.afdhe majority of the livelihood is from agricultuand its allied

activities.
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Figure 8: Land Use/ Land Cover Map of the Study Ara
Soil

Climate, geology and soil play a significant rategroundwater recharge and runoff. The water cagrgiapacity
of an area depends upon the soil types and thaingability. The initial infiltration and transmissi of surface water into
an aquifer system is a function of soil type amdtéxture. Four types of soils are found in thelgtarea, viz. Alfisols,
Entisols, Inceptisols, and vertisols (Figure 9)eTdelineation was based on differential manifestation the imagery in
the form of colour, tone, texture and associatitald checks in the identified soil units were cocigd and confirmed.

Impact Factor (JCC): 3.2318 NAAS Rating:06
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Figure 9: Soil Map of the Study Area
MATERIALS AND METHOD

GIS techniques were employed in this study to éelie the groundwater potential of Lower Ponnaiyatevshed
based on time and cost effectiveness. Identificatibsuitable sites for groundwater recharge waglaoted through a
knowledge-based factor analysis, using lineamentsitie slope, drainage density, land use/land colihrology,

geomorphology and soil type layers in GIS environine
Data Used
e Survey of India (SOI) Toposheet (N0.58M/8, 9, 18,ahd 14) - 1972
e Landsat TM — LISS Ill images - 2013
+ SRTM DEM (90 m resolution) — 2016
Software Used
 ERDAS Imagine
e ArcGIS10.1
Methodology

The base map of the study area was prepared basBdreey of India (SOI) Toposheets (1972). The sloap
was prepared from SRTM DEM data (http://srtm.c$acgrg/SELECTION/inputCoord.asp) in Arc GIS 10.pafal

analyst module. The drainage density and linear@emsity maps were prepared using the line densdyih Arc GIS.
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The main task in this stage was to carry out arabysd interpretation of satellite data, in ordeptoduce thematic maps,
such as geology, geomorphology, land use/land cewer Soil. Initially, all the images were rectifiesing the SOI
Toposheets. This was followed by processing thetaligmages using the various processing techniques.,
enhancement, filtering, classification and othe® @tocesses. It was validated through ground tigthifhe main job was
to bring all the appropriate data and other calidtdata together into a GIS database. All thelalks spatial data was
assembled in the digital format and properly reged to make sure the spatial component overlaisqgbly. Digitizing of
all the maps and collateral data, followed by tfammation and conversion from raster to vectoreipblation and other
GIS processes were undertaken. Finally to arrieeGhoundwater Prospective map , all the themaiertawere overlaid
using weightage overlay module in Arc GIS 10.1.

RESULTS AND DISCUSSIONS

Integration of the Remote Sensing and GIS techsiduzes proven to be an efficient tool in groundwatedies
(Arivalagan, 2014). This study analysed hydrologic geographic attributes of the study area andtifil seven major
factors influencing groundwater recharge potentiaf, geomorphology, geology, slope, soil, land /lasel cover,
lineament density and drainage density. Each fagséar examined and assigned appropriate rank arghtv&ased on the
groundwater potentiality, all thematic layers wepgantitatively placed together and categorized ir¢oy good, good,

moderate and poor.
Overlay Analysis

Overlay analysis is a multi-criteria analysis whieranalysis can be carried out with complex thifgsfinding
out the certain theme with the help of assignmémnaiok to the individual class of feature and tlassigning weightage to
the individual feature considering its influenceeptheme $hivaji Govind Patil, 2014 and is presented in Table 1. All
the thematic maps were converted into raster folanat superimposed by weighted overlay method, whantsists of
rank and weightage wise thematic maps and integrati them through GIS. Integration of thematic & carrying out

multi-criteria or overlay analysis in GIS environmi@vas done using Arc GIS software.

Table 1: Rank And Weightages of Each Layer for Grondwater Prospective Zone

Theme Weightage Class Rank | Groundwater Prospect

Coastal Plain 1 Poor
Pediplain 2 Moderate

Geomorphology 21 Alluvial Plain 3 | Good
Flood Plain 4 Very Good
Clay/ Sand/clay admixture 1 Poor

Geology 14 Hprnblende ?Biotite gneiss 2 Moderate
Gingee granite 3 Good
Sand and silt 4 Very Good
Alfisols 1 Poor

. Vertisols 2 Moderate

Soil 10 Inceptisols 3 Good
Entisols 4 Very Good
Wasteland/ Built-up land 1 Poor

Landuse 12 Wetland _ 2 Moderate
Waterbodies 3 Good
Agricultural land 4 Very Good
>4.8 1 Poor

Slope 15 1.4-48 2 Moderate

Impact Factor (JCC): 3.2318 NAAS Rating:06



Delineation of Groundwater Potential Zones in LowerPonnaiyar Rural Watershed, 23
Cuddalore District, Tamilnadu, India

0.7-1.4 3 | Good
<07 4 | Very Good
>4.5 1 Poor
_ _ 3-45 2 Moderate
Drainage Density 12 915-3 3 | Good
<0.15 4 | Very Good
<0.50 1 | Poor
_ _ 0.50 - 0.75 2 Moderate
Lineament Density 16 o751 3 | Good
>1 4 | Very Good

Groundwater Prospective Map

Preparation of groundwater prospective zonation iiBapeen as a prerequisite for creating and plgnaimy
agricultural and industrial development in thisear€he prospect map describing the groundwaterromuoee in the study
area were identified and presented in Figure 10mrthis study Groundwater potential zones weregeaized into four
types viz. poor (2%), moderate (57%), good (40%J a&ery good (1%). The best suitable areas weretifdgh in
Thiruvennainallur and Kandamangalam Blocks of ttuel\s area because of the presence of alluvial @ath floodplain
with minimum slope. The map indicated that maximplain areas were identified as moderate prospeetves, while
steep sloping and high drainage density are cladsds poor prospective areas like coastal aredssame places of

north-west parts of the study area.
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Figure 10: Groundwater Prospective Zones Map
CONCLUSIONS

Mapping and prospecting the zones will help to gtamsustainable groundwater management. Favoueakkes
for groundwater occurrence and storage were idedtibased on slope, drainage density, land usdp@edineament
density and geomorphological features of this arée.groundwater potential zones were categorizeda@derate (57%) ,
Good (40%), Excellent (1%) and Poor (2%). Therai& been verified by field observation of groundwédeel data which
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proved to be comparable. Around 97 % of the ardla fiasto the high and moderate artificial rechapmential zones.

Agriculture is the backbone in this study area Wwhgclocated in the rural drop and the demand fougdwater resources

is also high. Hence artificial recharge structuras be implanted in the study area in order to anptthe replenishment of

the groundwater resources. Percolation pits, rgehbasin, recharge wells, ridges and furrows, clecks, gully control/

stonewall structures, contour bunding, trenching land flooding are some of the artificial rechagymethods which can

be employed in such endeavour (CGWB, 2007). Thetifiied favourable groundwater potential zones fritiis study will

serve as a management tool to various organisatimas decision makers in planning for groundwatesoueces

exploration and development in these areas.
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