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Abstract

A macroscopic model for highly compacted expansive clays composed of a charged solid phase saturated by a binary
monovalent aqueous electrolyte solution is derived based on a rigorous scale-up of the microstructural behavior. The
homogenization technique is applied to propagate information available in the pore-scale model to the macroscale.
Macroscopic electrokinetic phenomena such as electro-osmotic flow driven by streaming potential gradients, electro-
phoretic motion of mobile charges and osmotically induced swelling are derived by homogenizing the microscopic
electro-hydrodynamics coupled with the Nernst-Planck and Poisson-Boltzmann equations governing the flow of the
electrolyte solution, ion movement and electric potential distribution. A notable consequence of the upscaling proce-
dure proposed herein are the micromechanical representations for the electrokinetic coefficients and swelling pressure.
The two-scale model is discretized by the finite element method and applied to numerically simulate contaminant
migration and electrokinetic attenuation through a compacted clay liner underneath a sanitary landfill.
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1. Introduction

Electrochemical interaction between colloidal particles and an aqueous solution is a central subject in
colloid science. This phenomenon is typical of expansive media including clays, shales, polymers gels,
corneal endothelium and connective biological tissues. Clay minerals are extensively used in a wide range of
applications. They are a key component in the formulation of ceramic products and drilling fluids. They are
widely distributed in the earth’s crust and play a crucial role in many aspects of nutrition on earth. Swelling
of smectitic clay soils also have undesired consequences when they heave upward upon hydration (or shrink
upon desication) causing damage to the foundations of buildings. Shales have been responsible for many
wellbore instability problems. Due to their low hydraulic conductivity, plasticity, swelling and adsorptive
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