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Abstract : Stabiliza�on using industrial wastes like fly ash is becoming increasingly popular. While this method is

effec�ve in enhancing the geo-mechanical proper�es of the material, it is also crucial to evaluate its
environmental impact. Leachate analysis is key in assessing the environmental effects of stabilized materials
used in haul roads and dumps in open-cast mines. Stabilizing agents such as fly ash, sand, and lime can
interact with the environment, poten�ally producing leachates that may contaminate groundwater and
surface water. Understanding the chemical composi�on and behaviour of these leachates is essen�al for
evaluating the long-term sustainability and environmental safety of the stabilization process. In this study, we
inves�gate the physical and chemical characteris�cs of stabilized materials through par�cle size analysis,
op�mum moisture content (O MC) & maximum dry density (MDD), X-ray diffrac�on (XRD), X-ray fluorescence
(XRF), field emission scanning electron microscopy (FESEM) and induc�vely coupled plasma op�cal emission
spectrometry (IC P-O ES). These methods provide detailed insights into the mineralogical composi�on, par�cle
distribution, and microstructural properties of the stabilized materials, helping to understand their mechanical
and chemical stability.

Further op�miza�on of the stabiliza�on mix is performed using the Design of Experiment (DO E) methodology
to determine the ideal combina�on of fly ash, sand, and lime for enhancing load-bearing capacity while
minimizing environmental risks. Hydrological analysis is conducted through column and batch leaching tests
to assess the leaching behaviour of key contaminants over �me. Addi�onally, surface runoff studies coupled
with infiltra�on analysis help evaluate the impact of stabilized materials on water movement and reten�on in
haul road systems. These combined assessments provide a comprehensive understanding of the geo-
environmental and hydrological behaviour of stabilized materials in open-cast mine se5ngs, offering
guidelines for improving the design and sustainability of mine infrastructure.
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