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Introduction 
The multi-layered aquifer of the Kaluvelly coastal basin was selected because 

an increase of salinity together with a drastic fall in the water level have been 
recorded for several years. We focus on the Vanur sandstone aquifer which is the 
main exploited aquifer of the area. Geochemical tools (major elements, trace 
elements, isotopes) and hydrodynamic monitoring will be used to understand water 
flow. The preliminary step, presented here, consists in the characterization of the 
different involved water bodies. The next step will be to quantify the hydrological 
balance and model the water circulation. Results will be used for water management 
and planning purposes. The setting of the Kaluvelly coastal basin is characteristic of 
the Bengal coastal zone. Our approach is intended as a pilot study. 

Geological and hydrological setting 
The Kaluvelly watershed is situated on the Bengal coast between Chennai and 

Pondicherry, in Tamil Nadu State, India. The 730 km2 catchment comprises an 
Archaean crystalline bedrock (charnockite) hinterland overlaid by sedimentary layers 
near the coast (Fig. 1). The sedimentary cover (~100 km2), mainly composed of 
sandstone, limestone and clay, has a ~2° dip towards the bay. The sandstone beds are 
made of detritic deposits from the charnockite bedrock. The sedimentary cover 
constitutes a multi-layered aquifer: two main layers, Vanur sandstone and Cuddalore 
sandstone; three minor layers, Ramanathapuram sandstone, Ottai calcareous bed and 
Kadaperikuppam sandstone. The drainage system consists of disconnected and 
ephemeral streams and water supply tanks (196 have been identified) replenished by 
rainfall. A brackish swamp, the Kaluvelly swamp, ends the watershed before it enters 
the sea. Because of lack of maintenance, the shutter no longer prevents monsoon fresh 
water from flowing out and salty sea water from entering the swamp. Near the shutter, 
a stream coming from the west side enters the swamp. This area has a tropical climate 
with long dry spells, and an annual precipitation of 1,300 mm which is confined 
mostly to the monsoon seasons (a small one in July and a main one in winter). 

The tank water capacity is not large enough to meet local irrigation 
requirements. Numerous wells have been drilled mainly into the Vanur sandstone 
aquifer which shows the best aquifer properties. For several years, aquifer over-
exploitation has resulted in water level drawdown together with an increase in 
salinity. The Vanur sandstone aquifer might be hydraulically connected to: i) 
seawater; ii) Kaluvelly swamp; iii) waters of overlying and underlying aquifers; iv) 
mineralized water from the charnockite aquifer. Salt may originate from multiple 
sources: i) seawater intrusion through the upper aquifer bordering the coast or 
brackish water from the swamp, during seasonal decline of the water level or 
throughout the year; ii) upward leakage of highly mineralized water from the 
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charnockite aquifer caused by head differences due to the pumping; iii) vertical 
movement of salty irrigation water (downward transfer); iv) enhanced of leaching of 
sediment beds due to drainage increase. 

 

Figure 1: Geological map. 

Characterization of different sub-units 
The objective of the survey carried out in January 1999 was: i) to draw up an 

inventory of hydrodynamic behavior and water quality; ii) to choose bore-holes to be 
sampled for our study; iii) to identify the chemical signature which would allow us to 
distinguish between the water end-members; iv) to characterize chemical rock 
signatures. 

The over-exploitation of the Vanur aquifer has modified the natural 
groundwater flow which nowadays, is generally reversed and flows from the sea 
inland. In some places piezometric levels of -20 m below sea level have been 
recorded. The pumping is irregular in time and space and leads to unpredictable-
unreliable flow. Most wells in the area are not cased which results in some mixing 
between the confined Vanur aquifer and the overlying ones. 

Usually, chloride content is used to determine water flow and define salinity 
origin. Because of the multiple origins of the salt in the Kaluvelly aquifer, this 
parameter cannot be used to discriminate. In addition, the common origin of Vanur 
sandstone and charnockite prevents us from using one of the classic parameters for 
granite like rock characterization (87Sr/86Sr). In fact, one single tool cannot be applied 
to all the aquifers and we have to find at least one tracer for every aquifer which 
allows us to identify its share in the hydrochemical balance with the help of 
hydrodynamical parameters. The geochemical tools that we applied were major 


