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Abstract: The cleaning of porous media is ubiquitous and the difficulties associated with cleaning
such materials are numerous. Surface contamination may ingress inside the pore space and become
inaccessible to a cleaning flow. This makes it very difficult to monitor the levels of contamination
throughout the medium and determine whether cleaning has been successful. The addition of a
surface washing flow can also encourage spreading of contaminant over the surface of porous
material. These problems are exacerbated in a military or industrial context since leaving hazardous
residual contamination inside the porous medium can pose significant risks to human health and the
environment.

To explore the decontamination process in porous media, we propose a simple two-dimensional
model for a washing flow over the surface of a wet porous medium contaminated by a drop of a
single-species contaminant. We impose a single-phase unidirectional flow through the porous
medium and model the washing flow using a linear shear velocity profile. At the interface, we
assume that the flow fields match by definition so that interfacial boundary conditions for the
velocity are not required. We construct a coupled mass transport problem to monitor the
concentration of contaminant in both the washing flow and the porous medium. In both phases, we
assume that mass transfer is governed by advection and diffusion processes with the addition of
dispersion effects in the porous medium. We focus our analysis on asymptotic regimes that exhibit
contaminant redistribution in the porous medium and consider how the efficiency of the
decontamination process can be improved by variation of the problem’s dimensionless parameters.
We also present comparisons with numerical simulations performed in COMSOL to validate our
analytical model.
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