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ABSTRACT 
 
 The remediation of underground soils contaminated by toxic elements such as As, Cd, 
Pb, and Cu remains a recurrent challenge at legacy industrial properties, abandoned 
smelting facilities, and reclaimed mining lands. While chemical immobilization is widely 
accepted as a practical alternative to excavation, its deployment is often constrained by 
site geometry: many of the most contaminated areas lie beneath active infrastructure or 
extend across expanses too large to be achieved economically by densely arranged 
vertical injection points. Horizontally arranged wells in a radial pattern offer a promising 
method to distribute stabilization fluids over a wider area while preserving surface 
activities, but design guidance for this geometry, particularly with regard to injection 
settings and the resulting geotechnical response, is insufficient. This study consists of 
two integrated components. Within the experimental component, a ferric stabilization 
fluid injected in two steps (FeCl3 followed by NaOH) will be introduced into soil 
specimens, and the resulting change in hydraulic conductivity will be quantified. A 
laboratory-scale experiment will subsequently be used to track stabilization fluid 
migration and surface deformation under a range of applied injection pressures. In the 
simulation component, the COMSOL Multiphysics will be applied to replicate the 
laboratory geometry and broaden the parameter space to additional discharge rates, 
producing spatial distributions of solute molarity that will be checked against pH 
measurements used as indicators of metal fixation. This study seeks to derive a 
preliminary design framework, covering recommended pressure, discharge, and 
spacing between boreholes, to support field application of radial horizontal well grouting 
in ground contaminated by heavy metals. 
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