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Abstract

An attempt has been made in this study to understand the factors influencing the variation in water level of the groundwater of the Ram-
nad district. The different factors considered for study were average water level, Land use pattern, tanks and rainfall pattern of the study
area. The water level contours were spatially plotted for four months interval and their average was considered for comparison. The rain-
fall trend of the district was obtained by the Thiessen polygon method. Further the Average water level contour was overlaid over the
land use, tanks and rainfall distribution maps to understand the spatial influencing factor and it was identified that the agricultural return
flow and the tank intensity play a major role in the recharge of the groundwater of this coastal aquifers.
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1. Introduction

Continuous increased withdrawals from a groundwater reservoir
in excess of replenishable recharge may result in regular lowering
of water table. In such a situation, a serious problem is created
resulting in drying of shallow wells and increase in pumping head
for deeper wells and tube wells. This has led to emphasis on
planned and optimal development of water resources. An appro-
priate strategy will be to develop water resources with planning
based on conjunctive use of surface water and groundwater. For a
sustainable development of water resources, it is imperative to
make a quantitative estimation of the available water resources.
Tank is a centre of socio economic activities of a village catering
to the multifarious needs of the village community. The tank is not
simply an irrigation system appended to big reservoirs. It has mul-
tiple uses and serves diverse needs of people, animals and plants.
Apart from the above, the tanks contribute to the recharge of
ground water, microclimate and the environment to keep the sur-
rounding area green and cool. Since, about 90% of the tanks are
non-system or rain-fed the effect on area reduction will be more
significant (Palanisami et al. 1997). Even though the share of
tanks is decreasing part of it is replaced with groundwater irriga-
tion in the tank command areas. Besides variation in rainfall and
tank filling, several factors such as siltation, encroachment, and
channel obstruction have reduced the tank irrigated area over the
years. Increasing dug well irrigation in the tank commands has
complicated the water allocation and management in the tanks
(Palanisami and Easter 2000). Most of the tanks in Tamil Nadu
have become degraded due to open access, weak institutional ar-
rangements, poor structures and breakdown of the local authority
system (Ludden 1987). Rainfall is the major source of recharge to

the study area. Part of the rain water that falls on the ground is
infiltrated into the soil. A part of this infiltrated water is utilized in
filling the soil moisture deficiency while the remaining portion
percolates down to reach the water table, which is termed as rain-
fall recharge to the aquifer. The dependability on tank water is
declining due to availability of groundwater and its easy extraction
by using powerful electrical gadgets. Thus the significance of tank
on the recharge of the aquifers is to highlighted in the coastal aqui-
fers system. The proposed study area is a coastal region with less-
er rainfall. Hence, this paper focuses mainly on the causes of
groundwater fluctuation and the trend of groundwater level fluctu-
ation as well as to determine the amount of recharge in the study
area.

2. Study area

The Ramanathapuram is underlined by the coastal aquifers where
the rural people have been coping with ponds locally it is known
as Ooranis. It is located in semi-arid and highly prone areas situate
at the lower end of gundar river basin. The study area is located in
Ramanathapuram District in Tamil Nadu State, India, and it co-
vers an area of 4,123 km? (Fig. 1). It forms a part of the Gundar
basin and Vaigai river basins, and is located 498 km towards
North of Chennai city. It has an average elevation of 2 metres
(6 feet). The district receives the rain under the influence of both
southwest and northeast monsoons. The northeast monsoon chief-
ly contributes to the rainfall in the district. Most of the precipita-
tion occurs in the form of cyclonic storms caused due to the de-
pressions in Bay of Bengal. The southwest monsoon rainfall is
highly erratic and summer rains are negligible, with an average
annual rainfall of 827mm. Vaigai and Gundar are the important

Copyright © 2016 Sivakarun N et al. This is an open access article distributed under the Creative Commons Attribution License, which permits
unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.



http://creativecommons.org/licenses/by/3.0/
http://www.sciencepubco.com/index.php/IJAG

International Journal of Advanced Geosciences

55

rivers and in addition, Virusuli, Kottakariyar & Uppar are the
other rivers draining the district. The drainage pattern, in general,
is dendritic. All the rivers are seasonal and carry substantial flows
during monsoon period. The rivers in this region flow only for a
few days in a year, especially after heavy rains during the mon-
soon period (www.mapsofindia.com).

Most of the area is covered by the unconsolidated sediments of
Quaternary age except in the northwestern part, where isolated
patches of Archaean Crystallines and Tertiary sandstone are ex-
posed. It is overlain by thin alluvium and exposed towards north
of Vaigai River. Detached exposures of laterite and lateritic soil

are seen in the northwestern part of the district. A major part of the
district is covered with the fluvial, fluvio-marine, Aeolian and
marine sediments of Quaternary age. The fluvial deposits which
are made up of sand, silt and clay in varying degree of admixture
occur along the active channels of Vaigai, Gundar, Manimuthar
and Pambar rivers. The Aeolian deposits comprise red sands
which are in nature of ancient dunes and occur over a 3.2 Km
wide and 8 Km long stretch and lie parallel to the sea coast. These
are separated by marshy deposits of black clays. The sands are
underlain by calcareous hardpan.
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Fig. 1: Location Map of the Study Area.

3. Hydrogeology

The district is underlain by both porous and fissured formations.
The important aquifer systems in the district are constituted by i)
unconsolidated & semi-consolidated formations and ii) weathered
and fractured crystalline rocks The porous formations can be
grouped into three aquifer groups, viz., Cretaceous sediments,
Tertiary Sediments and Quaternary Sediments. The cretaceous
aquifer is semi confined to confined in nature and consists of two
zones. The top unit comprises fossiliferous sandstone red in colour
and compact in nature, while the bottom is pinkish or grayish
sandstone intercalated with shales. The aquifers are characterized
by freshwater and occurs at the depth range of 116-407 and 205-
777 m bgl and has thickness in the range of 68 to 535 m. The
aquifer is made up of compact sandstone and the potential is
limited. The wells may vyield a discharge of 5-10 Ips and can
sustain a pumping of 10-15 hours a day. However, because of the
presence of potential shallow tertiary aquifer, this aquifer has not
been extensively developed. The groundwater occurs under
unconfined condition with thickness varying from 15-20m and
under confined condition in deeper depths. The unconfined aquifer
can be tapped by dug well/ dug cum bore well and can yield about
10-15 Ips and can sustain a pumping of 10-15 hours a day. The
deeper tube wells can yield about 15-20 Ips and can sustain a
pumping of 10-15 hours a day (CGWB, 2009).

4. Methodology

Rainfall and water level data have been collected for the year
2010. The water level data is collected for monthly wise from
major selected 25 locations distributed spatially throughout the
district. The rainfall data have been collected for monthly wise
from major six rainfall stations namely Ramanathapuram,
Rameshwaram, Thiruvadanai, Kadaladi, Kamuthi and Parama-
gudi. These data has been processed by the Theisson polygon
system using Map Info professional software. In order to achieve
accurate estimation of the spatial distribution of rainfall, it is nec-
essary to use interpolation methods, for this, the Thiessen method
is considered as the most important in engineering praxis. This
method assigns weight at each gauge station in proportion to the
catchment area that is closest to that gauge.

The method of constructing the polygons implies the following
steps:

1) Gauge network is plotted on map of the catchment area of
interest.

2) Adjacent stations are connected with lines.

3) Perpendicular bisectors of each line are constructed (per-
pendicular line at the midpoint of each line connecting two
stations)

4) The bisectors are extended and used to form the polygon
around each gauge station.

5) Rainfall value for each gauge station is multiplied by the
area of each.
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5. Results and discussion

5.1. Land use/ land cover

Land use/land cover provides a better understanding of the crop-
ping pattern and spatial distribution of fallow lands, forests, graz-
ing lands, wastelands and surface water bodies, which are vital for
developmental planning (Vijith et al. 2007). In this study area
covered geographically 409.0 and forest Area 4.5 land under non
agriculture land 86.7, permanent pastures 0.2, and Cultivable
wasteland 4.2 land under miscellaneous tree crops and groves 38.9

Barren and uncultivable land 4.6 , Current fallows 32.9 other
Fallows 49.9 (Values considered in Area ‘000 ha) (Fig.2). The
variations in area covered under agriculture and fallow land
attributed to changes in crop rotation, harvesting time and
conversion of these lands into plantation. Available land can be
effectively used in the most rational way by knowing land
use/land cover data (Chaurasia et al. 1996). Apart from these
processes, evaporation and irrigation return flow influence the
major-ion chemistry in groundwater (Stigtera et al. 1998; Hudak,
2000; Guo and Wang 2004).
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Fig. 2: Landuse/ Landcover Map of the Study Area.

5.2. Tanks

In Tamilnadu the biggest tank is present in Ramnad district. There
is huge number of tanks that are interlinked to each other for infil-
tration and recharge. The huge number of tanks is observed in the
northern part of the study area (Fig.3). The tanks are recharged
from the rivers like Gundar, Vaigai and some may be recharged by
the direct precipitation. The drainage pattern is dentritic. All the
rivers are non-perennial in nature and they carry the substantial
flows during monsoon period. Hence the tanks are monsoon
dependent in form. Tank irrigate a registered command area of 60,
541 ha which is around 90% of the net irrigated area and around
32% of the net area sown in the district (Vasudha pangare, 2003).
According to the CGWB report (2010) 1694 tanks irrigates the 57,
034 ha in this district. Scheytt (1997) and Poulichet et al. (2002)
reported on the importance of groundwater recharge on seasonal
variation in the major-ion concentration of groundwater. Schuh et
al. (1997). Earlier studies reported that the rising water table in the
post-monsoon period dissolves more saline matter from the soils
and increases the salinity of water after the monsoon.

5.3. Rainfall

The amount of rainfall recharge depends on various hydro mete-
orological and topographic factors, soil characteristics and depth
to water table. Due to uneven distribution of rainfall both in time
and space, the surface water resources are unevenly distributed.
Monthly rainfall data of sufficient number of rainguage stations
lying within or around the study area, along with their locations
(Fig.4 and Table.1). The district receives the rain under the influ-
ence of both southwest and northeast monsoons. Most of the pre-
cipitation occurs in the form of cyclonic storms caused due to the
depressions in Bay of Bengal. The southwest monsoon rainfall is
highly erratic and summer rains are negligible (CGWB, 2007).
From the observation of Thesion polygon the highest rainfall is
observed in the Ramanathapuram taluk due to the influence of
cyclones where this taluk is present towards the coastal side. The
lowest overland flow calculated by Theissen method shows that
the lowest flow is observed in the southern, northern, and western
part of the study area, ranging from 14,227x10*m%yr to
30,807x10*m°/yr. Further the highest overland flow is noted in the
south eastern coastal region of the district (60,672 x10°m®/yr to
64,115x10*m%/yr). This overland flow results in the excess surface
water filling up the interconnected tanks and the alluvial aquifers
of this part of the study area.
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Fig. 3: Tank Map of the Study Area.
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Table 1: Annual Rainfall from Ramnad District (in mm)
Location Jan Feb Mar Apr May Jun July Aug Sep Oct Nov Dec
Ramanathapuram 35.2 11.2 12.8 26.5 26.2 85 12.4 10 238 200.6 238.7 130.8
Rameswaram 49 9.8 383 29.9 23.6 6 3.8 5.5 16.6 195.1 221.7 173
Thiruvadanai 314 45 8.1 22.6 144 18.7 114 14.9 43.2 168.2 194.9 91.2
Kadaladi 21.6 12 21 13 37.6 8.6 8.4 14.6 13 180 182.4 134
Kamuthi 30.9 43 22.9 33.2 39 19 213 34 66.3 2212 144 51.6
Paramakudi 84.8 5.2 12.2 33.7 45.4 25 28.4 53.1 53.9 180.8 161.4 62

5.4. Water level fluctuation

Water-level measurements from observation wells are the princi-
pal source of information about the hydrologic stresses acting on
aquifers and how these stresses affect ground-water recharge,

storage, and discharge (Solomon et al. 2007). Measurements of
water levels in wells provide the most fundamental indicator of the
status of this resource and are critical to meaningful evaluations of
the quantity and quality of ground water and its interaction with
surface water. These include: (1) selection of observation wells,
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(2) determination of the frequency of water level measurements,
(3) implementation of quality assurance, and (4) establishment of
effective practices for data reporting. Seasonal water level fluctua-
tions result in higher summer water levels and lower winter levels.
In general water level fluctuations vary with cumulative rainfall
departure from the average rainfall series. Most of the north east
and south west part of the region is covered by shallow water level
where the deepest part is on the western part of the study area. It
depends on the topography, lithology, and geomorphology of the
study area. The lowest water level is observed in the coastal aqui-
fers towards the eastern side (Fig.5a, b, c, d). The groundwater
level is a key parameter for evaluating spatial and temporal chang-
es in groundwater environments. The groundwater level is gov-
erned by various factors. Climate change, as reflected in precipita-

tion and evaporation rates, influences the groundwater level fluc-
tuation. (Vijith et al. 2010) study also found that climate trends
have high correlations with groundwater level variations in south-
ern part. In plain areas, precipitation infiltration and evapo transpi-
ration in the vertical direct ion are the major recharge and dis-
charge processes of the water cycle. In the study area, most of
rainfall falls between October and December with seasonal varia-
tion in climate. The fluctuation is noted in the southern part of the
study area, with shallow groundwater during august and the deep-
er during May. This is mainly due to the rainfall received in the
coastal region and the greater influence in water level is noted
after South West Monsoon.
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The average water level for the year 2007 is compared with the
land use/land cover, rainfall and tanks (Fig.6a, b, c, d) to identify
the overall processes that influences the water level in the region.
The deeper water level is observed in the south west part of the
region and shallow water level is observed along the costal side
from north to southern region which may be due to the over
exploitation of the coastal aquifers.

Impacts of LU/LC change on atmospheric components of the
hydrologic cycle (regional and global climate) are increasingly
recognized (Bonan, 1997; Pielke et al., 1998; Pitman et al., 2004).
The most direct approach is relating LU/LC changes to
water table fluctuations. Unsaturated-zone profiles of metric
potential and water-borne tracers (natural and anthropogenic)
archive past variations in recharge from LU/LC change,
particularly in thick unsaturated zones in arid and semiarid
regions. Agriculture is the major activity observed in the study
area (Fig.6a). The highest water level is observed in the
agricultural land which may be due to the irrigational activities
return flow. The lowest water level is observed in the along the

coast which is covered by waste lands, built uplands and barren
land.

The process of variation of water level due to rainfall is a complex
one. The process involved flow which varies according to the
geological formations through the unsaturated regions of the aqui-
fer. The rate of infiltration depends upon several parameters. A
study by PWD (2012) of water level and monthly rainfall data
reveals that the wells retain the water level to higher range irre-
spective of the magnitude of rainfall and it is however, not clearly
observed in some places because groundwater is overexploited
during the non-monsoon seasons (Fig.6b). Drainage pattern is one
of the most important indicators of hydro geological features,
since it is controlled by underlying litho logy (Charon, 1974). The
deeper water level is observed in the region with lesser intensity
rainfall may be due to the lesser infiltration. The shallow water
level is observed in the highest rainfall region may be due to the
surface runoff and infiltration.

Tanks contribute to the recharge of ground water, microclimate
and the environment to keep the surrounding area green and cool.
There exist 500,000 irrigation tanks in the country, of which
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150,000 tanks are located in the semi arid region of Deccan plat-
eau. Most of the tanks in Tamil Nadu have become degraded due
to open access, weak institutional arrangements, poor structures
and breakdown of the local authority system (Ludden 1987).The
stored water is utilized by gravity flow to the lands situated below,
primarily for irrigation purpose. In the study area more number of
tanks are observed in the north eastern part and less tanks are ob-
served in the southern part, in this scenario the deeper water level
is observed in the south west part which may be due to the influ-
ence of over exploitation (Fig.6c). The tanks of north west may be
influenced by monsoons and they serve as a interconnected net-
work which will favour the recharge of the coastal aquifers. This
also reflects the fact that the groundwater is influenced by intensi-
ty of the tanks.

6. Conclusion

The study reveals that the groundwater level in the coastal aquifer
of the Ramnad district is influenced by different factors. The
major factors considered for the study were land use, tanks and the
rainfall of the study area. The study area is predominantly
agriculture based and the agriculture return flow of water from the
cultivated land adds to the groundwater system moreover the
higher rainfall region facilitated with more number of tanks along
the groundwater flow direction shows a considerable recharge of
groundwater. The study also reveals the fact that of these three
factors considered, tanks play a significant role in recharging the
shallow aquifers of the Ramnad district.
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