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This paper presents an innovative approach for spatial mapping and quantification of
freshwater resources in coastal aquifers. The proposed methodology, involving the
combined use of field-scale hydrological information and geophysical measurements,
is demonstrated for a groundwater aquifer in Surathkal, on the West coast of India.

The study area comprises of a narrow strip of land bounded by the Arabian Sea on one
side and the Pavanje River on the other. Groundwater resources in this area mainly
consist of unconfined sandy aquifers exploited through shallow wells. Freshwater oc-
curs as a shallow and narrow groundwater lens, highly vulnerable to saline water in-
trusion.

In order to define a sustainable development policy for this aquifer, one needs to char-
acterize it,i.e. to assess its geometry, hydrodynamic parameters and water quality.
However, since the rarity of freshwater and the risk of saline water intrusion prevent
the use of pumping tests, this characterization must be done with alternative tools,
such as non-intrusive geophysical methods. An additional advantage of geophysical
methods is their ability to provide spatial information.



Accordingly, Time Domain Electro-Magnetism (TDEM) soundings were carried out
to delineate the extension and the thicknessefw of the freshwater lens, using the verti-
cal changes in electrical resistivityρ(z). Also, Magnetic Resonance Soundings (MRS)
were performed to estimate both specific yieldSyMRS and transmissivityTMRS of
the aquifer. Electrical conductivity of groundwater (EC) was measured in wells and
bore wells close to the sounding locations.

The combined use of these geophysical and hydrological characteristics enabled the
calibration of the parameters of Archie’s law (a andm) for this clay-free area. This was
done by fixing the values of aquifer electrical resistivity, aquifer porosity and ground-
water electrical conductivity in Archie’s equation withρ(z) from TDEM, SyMRS
from MRS and EC from bore wells information respectively. Application of this cal-
ibrated Archie’s law enabled direct calculation of aquifer porosity fromρ(z) and
groundwater EC measurements.

The results obtained in this study were used to develop the following maps for the
aquifer:

• extension and thickness of the freshwater lens, with TDEM soundings only;

• distribution of the hydraulic conductivityK, obtained fromTMRS andefw;

• distribution of the freshwater volume, derived from the calibrated Archie’s law,
TDEM information and water EC measurements.


