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Geoelectric (GE) and geoelectromagnetic (GEM) methods are the leading geophysical techniques in 
the exploration of groundwater. In most cases, the application of the methods has been focused in 
studying geometrical features of the target such as the depth to fresh-saline ground water interface, etc. 
Several attempts have been also made to quantitatively evaluate hydraulic/hydrological parameters 
using either measured geoelectric parameters (e.g. apparent resistivities) or true physical parameters, 
obtained by the interpretation (e.g. inversion) of measured data. 
The most extensive efforts were devoted to studying the relationship between porosity, salinity and 
electrical resistivity. The theoretical basis for such investigations is being constituted by the empirical 
Archie’s equation, which can be represented in the most simplified form as follows : 
ρw/ ρ = Φ2 , 
where ρw  is the resistivity of water within the pore space, ρ is the bulk resistivity of the rock, Φ is 
porosity of the rock completely saturated by water. 
It is clear that even in such an oversimplified case, the solution to the problem is generally non-unique 
since we have one equation with two unknowns, namely ρw and Φ. Moreover, the bulk resistivity of 
rocks, ρ, which is the only parameter directly provided by surface GE and GEM measurements, in 
many cases, is also determined non-uniquely due to the so called equivalence problem that is inherent 
to either extent for all GE/GEM methods. 
All previous attempts to resolve both kinds of non-uniqueness were based on an extensive use of a 
priory information regarding ground water salinity (for fixing ρw) and/or regarding hydrogeological 
boundaries (for fixing ρ). As a result most of the attempts to determine porosity of the aquifer were 
apparently “successful” in close proximity of boreholes where hydrogeological information was 
available, but sometimes fairly unreliable far away from them.  
It is proposed herein to significantly reduce both kinds of non-uniqueness by studying only the saline 
and, in particular, seawater saturated parts of the aquifer where ρw is generally known and ρ can be 
determined very accurately by applying a properly selected GE/GEM method. Experience shows that 
the most suitable geophysical technique for the exploration of saline groundwater is the time domain 
electromagnetic (TDEM) method. Numerous measurements have proven that the bulk resistivity of 
saline water saturated portion of the aquifer is accurately detected by TDEM without any use of a 
priory information. Therefore the porosity of the saline water saturated portion of the aquifer can be 
also accurately determined from the Archie’s equation by using only geophysical data. The obtained 
porosity might be projected then to the freshwater saturated portion of the aquifer since it is reasonable 
to assume that hydraulic properties of the aquifer are essentially the same both below and above the 
freshwater/seawater interface. 
Although the proposed methodology can be applied in any saline water saturated aquifers, it is 
particularly feasible in coastal aquifers, where ρw of the sea water intrusion is well known and where 
the relatively wide distribution of the intrusion allows gathering a sufficient amount of GE/GEM data 
to be statistically representative for the entire aquifer. 


