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Abstract
Management of acid and metalliferous drainage (AMD) remains one of the mining industry’s most significant long-term environmental and financial challenges. Over the past thirty years, advances in unsaturated soil mechanics, cover system design, and mine landform engineering have transformed how practitioners conceptualise and manage closure risk. This presentation draws upon three decades of applied experience across diverse climatic and geochemical settings to examine how cover systems and mine landform design can be integrated to support long-term source control and sustainable mine closure outcomes.
The presentation begins by exploring the foundational concept that mining creates two distinct, yet interrelated, imbalances as mine landforms are constructed: a gravitational imbalance and a thermodynamic imbalance. Fundamentally, mine landforms, including tailings storage facilities (TSFs), mine rock stockpiles (MRSs), and heap leach facilities (HLFs), are unsaturated systems influenced by climate, hydrology, geochemistry, and material placement. These imbalances drive oxygen availability, sulphide oxidation, water movement, and ultimately AMD generation. Understanding these coupled processes through robust conceptualisation is critical to developing effective mitigation strategies.
Particular emphasis is placed on the evolution of cover system philosophy, from early barrier-layer approaches toward more integrated, climate-responsive systems such as store-and-release and enhanced store-and-release cover systems. The presentation discusses why cover systems should be viewed as “systems” rather than simply “caps”, and how their performance is intimately linked to underlying landform behaviour, vegetation, hydrogeologic setting, and long-term climatic variability. Lessons learned from projects in Australia, Canada, and other mining regions will illustrate how oxygen transport, moisture storage, and net percolation processes can be managed through both cover system design and strategic landform construction.
Importantly, the presentation argues that the “best” cover system may ultimately be the one used only as a last resort for managing AMD risk because the risk has already been minimised through proactive source control and landform construction strategies during operations. This requires moving closure thinking earlier into mine planning and embedding integrated closure objectives directly into operational decision-making.
The presentation concludes by discussing the future direction of mine closure practice, including the need for stronger governance, progressive reclamation, and co-developed closure visions that integrate technical performance with land stewardship, or more simply, “care for the land”, and post-mining land use.
