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Abstract

The use of geophysical tools for subsurface characterization is a common practice in environmental studies and georesources
engineering. The electrical conductivity of the subsurface is strongly influenced by the different properties of the subsurface such
as pore fluid chemistry, and consequently, by subsurface processes that affect the spatial distribution of that chemistry, such
as the mixing dynamics of pore fluids. In the context of freshwater-saline water interaction in coastal areas, changes in solute
spatial distribution are coupled to density-driven flow, which can thus be monitored via geoelectrical measurements. Here, we
study the Rayleigh Taylor instability and subsequent convection occurring due to the density difference between two miscible
liquids when the lighter one is positioned on top of the denser one, a configuration that is relevant for saltwater-freshwater
interactions in coastal aquifers. We simulate the convective process and monitor it numerically by computing the transverse
apparent conductivity of the medium in time, as the convection develops. We then look for correlations between the geoelectrical

signal and a global scalar measure of the convective process’ advancement, namely the variance of the solute concentration field.
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2. The electrical conductivity 1s sensitive to the changes in the spatial distribution of the charged solute

Ra = 700 (NaCl concentration) associated to the Rayleigh Taylor transport process.

gi - (%) V-(DVc) —u-Vc - ransport Equation

Geoelectrical measurements:

We designed a numerical scheme to simulate the evolution of the effective electrical conductivity of the liquid saturated

porous medium during the convection process. The measurement of the conductivity 1s based on Ohm's Law. It consists Ra = 1000
in 1njecting an electrical current in a geological medium and measuring the resulting electrical potential differences

between the inlet and the outlet to determine the medium's electrical conductivity. In this case, the mesoscopic scale 1s

the main focus of the geoelectric study.

3. We have 1nvestigated how various sealar global observables of the convection process vary over
time, such as the concentration variance shown here, and how their evolution 1s correlated to that of the
transverse effective conductivity of the medium.

4. We aim at monitoring the advancement of the Rayleigh Taylor instability and convection from the
geoelectrical measurement.

O = electrical conductivity of the media (S/m)

O = electrical conductivity of the fluid (S/m)

V' (O' V V) = —1 ~ Ohm's Law V' = electric potential map in the media (Volts) Ra = 2000
I = intensity of the current source form the electrode (Amp)
1T = temperature (°C)

dy + dsT ) 32 empirical formula for the conductivity of

5. It may also be possible to infer the Ra (and the medium's permeability or diffusion coefficient, other
parameters 1n the Ra being known), form the geoelectrical measurements, this is a work in progress.

References

[1]. Archie, G. E. et al. (1942). The electrical resistivity log as an aid in determining some reservoir characteristics. Transactions of the AIME, 146(01)
2]. Sen, P. N. and Goode, P. A. (1992). Influence of temperature on electrical conductivity on shaly sands. GEOPHYSICS, 57(1):89-96.

-
Cal

o4(T,c) = (dy + doT + dsT?)c — (

1 i d \/E an aqueous solution of NaCl [2] ]. Johannsen, K., Oswald, S., Held, R., and Kinzelbach, W. (2006). Numerical simulation of three dimensional saltwater freshwaterfingering
6 instabilities observed In a porous medium Advances in Water Resources, 29(11):1690 — 1704.
]- —m Archie's laws for quantifying the net conductivity of the media to the Ra =3000 [4]. Jougnot, D., Jiménez-Martinez, J., Legendre, R., Le Borgne, T., M¢heust, Y., and Linde, N. (2018).Impact of small-scale saline tracer heterogeneity
O = —0 f F — ¢ - .. : B : B : on electrical resistivity monitoring in fully and partiallysaturated porous media: Insights from geoelectrical milli-fluidic experiments. Advances in
F conductivity of the pore fluid [1] (F = Formation factor, m = cementation exponent)

WaterResources, 113:295-309.




