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The tidal response test is a unique low-cost aquifer scale test to determine the hydraulic diffusivity (Dh = k/Ss =
T /S), and thus the connectivity to the sea, from the analysis of the aquifer response to sea level oscillations.
Yet, the method is hardly used in management practice possibly because it never behaves according to traditional
theory (analytical solution of Jacob [1950] and Ferris [1951]). To illustrate the complexities of tidal response interpretation, we apply the tidal method to a series of well observations located in a Mediterranean coastal aquifer
(Argentona experimental site, Barcelona, Spain). From a harmonic analysis over a two-month period, we identify
the main tidal constituents and quantify their amplitude and phase shift (delay between the tidal fluctuation and the
well response) at the reference open water and the observation wells. Two different effects are considered: (i) the
hydraulic effect caused by the hydraulic connection between the aquifer units and the sea, and (ii) the mechanical
effect generated by the compression of the undersea aquifer portion due to tidal fluctuations and its propagation
landward. We perform several numerical simulations by considering different aquifer configurations to determine
the aquifer geometry and calibrate its hydraulic parameters. We find that hydraulic diffusivity estimates derived
from the amplitude attenuation are significantly different from those derived from the phase shift by more than one
order of magnitude when the aquifer is assumed to be homogeneous and only the hydraulic effect is considered.
A stratified configuration with different aquifer units and aquitards and including mechanical effects is required
to reproduce properly the head response observed in the wells, particularly for the phase shift. Furthermore, calibrating the main constituents separately we observe that a decrease in the tidal period leads to higher diffusivity
estimates, revealing a scale effect. Our numerical results demonstrate that mechanical effects play a very important
role in the aquifer response to tidal oscillations, even in shallow thin aquifers, and must be accounted for proper
characterisation and estimation of hydraulic parameters in coastal aquifers.
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