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Extended Abstract

An increasing number of studies have noted a suite of fortuitous interactions between
mine drainage and municipal wastewater in both controlled (engineered co-treatment)
and uncontrolled (in-situ ambient environmental) settings. Benchtop studies with
various configurations have noted high efficiencies in metals (>90%), phosphorus
(>90%), and fecal indicator bacteria (>99%) removal. This approach could result in
substantial fiscal savings, the repurposing of existing underutilized infrastructure, and
the provisioning of treatment where it was once unaffordable (Spellman et al. 2022).

The co-treatment of mine drainage and municipal wastewater in its various
forms may take advantage of the coagulating properties of Al and Fe, disinfection
prompted by elevated metals and acidity, and availability of ferric or sulfate electron
acceptors in mine drainage. Co-treatment also may leverage the availability of labile
electron donors and substantial alkalinity of municipal wastewater. In addition,
each water is generally relatively low in the concentration of pollutants that are
high in the other, allowing for positive dilutive effects. Thus far, two co-treatment
approaches have been primarily pursued, 1) in “passive” systems that center
around elements such as treatment wetlands, settling ponds, and bioreactors (e.g.,
Strosnider et al. 2011; Younger and Henderson, 2014) and 2) in “active” systems
emulative of conventional municipal wastewater treatment unit processes such as
activated sludge and clarification basins (e.g., Hughes and Gray, 2013; Spellman et
al. 2020).

As interest in co-treatment has grown over the last two decades, studies have
demonstrated the efficient treatment of most constituents of concern in both
waste streams (e.g., decreases in Al, As, Cd, Fe, Pb concentrations; production
of net-alkaline circumneutral effluent; thorough removal of biochemical oxygen
demand and phosphate; rapid reduction in fecal indicator bacteria). Approaches
emulating conventional mine drainage passive treatment (i.e., setting ponds,
anaerobic bioreactors, oxidation ponds/wetlands) as well as conventional municipal
wastewater treatment (i.e., activated sludge plant aeration and settling) have firmly
validated the mechanisms and performance potential of co-treatment. In addition,
field studies documenting the in-stream uncontrolled mixing of mine drainage and
municipal wastewater have reinforced our understanding of the mechanisms of
water quality improvement in controlled settings.

While one full-scale passive co-treatment system exists (Lamesley, UK; Younger
and Henderson, 2014) and has performed well for many years (i.e., removing >60%
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of Fe and >30% of biochemical oxygen demand), it is the sole full-scale co-treatment
system of any type in the world. At this juncture, most questions regarding key
mechanisms and general removal rates have been answered. However, key questions
remain regarding the nature of the solids produced (i.e., composition, structure,
stability in various settings, and potential disposal avenues). The most pressing need
is for field pilot studies to explore potential scaling issues and elucidate operational
concerns (e.g., solids handling methods, system maintenance needs, mixing ratios
and techniques, rainfall dilution and temperature effects) and most importantly,
demonstrate to regulators, engineers, and other critical stakeholders the true co-
treatment potential of these commonly coincident waste streams.
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