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Abstract

The estimation of the soil saturated hydraulic conductivity (Ks) is crucial in understanding water
flow and transport of contaminants. There are many hydrological techniques available for helping
to determine this parameter (constant head method, in-situ soil analysis, etc...) While these
techniques can provide quality data points, they are often limited by sparse data sampling and
scale. Therefore estimation of the conductivity model may lack spatial resolution and may not
represent the complexity of the true model. Geophysical methods have being used successfully
in many instances in locating the water table level and the migration of liquid flow through the use
of monitoring electrical resistivity tomography (ERT) surveys and time-lapse inversions. Here
we present a technique for estimating Ks in an unsaturated medium using infiltration test and time-
lapse ERT.

First, progression of the infiltration front is detected by ERT at two times (Ti, Ti+1). Secondly,
the level-set method is used to reconstruct the infiltration front between times Ti and Ti+1.
Thirdly, the flow paths are estimated by propagating the fronts in their normal direction allowing
an initial estimate of the hydraulic conductivity. Finally, through a process of iterative scheme of
forward modeling, the hydraulic conductivity and the front propagation are reconstructed. This
iterative scheme minimizes the difference between the measured and the calculated infiltration
front velocity. Richards' equation is used for solving the forward hydrogeological model and
van Genuchten analytic formulas are used to define the water retention model. Spatial variations in
van Genuchten parameters (., n, ) are assumed to be small therefore the van Genuchten
parameters are kept constant throughout the forward and the inverse process.

A COMSOL Multiphysics® simulation reflecting the subsurface that one might encounter in an
urban region, is used to test and validate the proposed technique. The model consists of sand and
subsoil that are separated by a vertical contact. The problemis scaled down by setting the
saturated hydraulic conductivity to respectively 10 m/s and 1 my/s, and the measurement time set in
the order of seconds. Two different approaches in detecting the water infiltration front are used.
The first approach is to determine the water infiltration front directly from the hydrogeology
modeling where water saturation (Se) is 0.1. The second approach is to determine the water
infiltration front from electrical resistivity tomography (ERT) time-lapse inversion. Resistivity



models are obtained by converting hydrogeology models through a modified Archie's law. The
forward calculation for the hydrogeology and resistivity models are accomplished through the
use of COMSOL Subsurface Flow Module and AC/DC Module.

For the first approach, the reconstructed Ks match those in the synthetic model (Figures 1 and 2).
The reconstructed Se and infiltration fronts also match those observed at each measured time
(Figure 3). The water infiltration are set to be constant along the entire surface of the model, no
horizontal flow is assumed at the model boundaries and the van Genuchten parameters are pre-
determined through time-lapse TDR measurements. The results from the second approach using
time-lapse ERT method is currently under testing.
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Figure 1: Synthetic hydraulic conductivity model. The saturated hydraulic conductivity (Ks) for
the sand and the subsoil are respectively 10 m/s (left) and 1 m/s (right).
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Figure 2: Reconstructed saturated hydraulic conductivity model from hydrogeological inversion
using a uniform infiltration at ground surface from time O to time 2.

Figure 3: Comparison between modeled (left) and interpreted (right) water saturation at time t= 0
s (top), t=1s (middle) and t = 2 s (bottom).



