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Abstract
The oxygen content of tailings dams around the Witwatersrand Basin was quantitatively measured over a period of 2 months
using a multi-level gas sampling device (MLGS) in an attempt to understand the diffusion of oxygen in tailings dams as a
result of acid mine drainage. The measured oxygen showed that the diffusion of oxygen in some Witwatersrand tailings dams
is up to a depth of 4 m. In some instances the oxygen content in the layer 1m below the tailings surface decreased by a factor
of more than 97% compared to the atmospheric content. The findings show that the development of oxidation zones in the
tailings dams of Witwatersrand Basin which subsequently leads to acid mine drainage is limited by the amount of available
oxygen in the tailings materials.
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Introduction
Over the past few years, there have been concerted efforts
throughout the world to mitigate the impacts of mine waste
deposits on the environment. If sustainable development is to
be realised, the impacts of mine waste cannot be overlooked.
This paper is a product of a research project funded by the Water
Research Commission to Pulles Howard and De Lange (Yibas
and Nengovhela, 2005).
The formation of acid mine drainage (AMD) from mine residue deposits is one of the major problems faced by the mining
industry. It occurs when sulphide minerals in rocks and/or tailings are oxidised, usually because of exposure to moisture and
oxygen (Ritchie, 2003). This paper presents results of the determination of oxygen availability in tailings dams. The generally
accepted acid mine drainage equation below, shows that oxygen
availability is a prerequisite in AMD generation (Davis et al.,
1986).
FeS2 + 7/2O2 + H2O → Fe2+ + 2SO42- + 2H+
The tailings deposit environment is a complex system of coupled
physical and biogeochemical processes which can be divided
into primary processes, for example water infiltration, watersaturation, oxygen diffusion, sulphide oxidation and secondary processes. Sulphides are consumed during oxidation, but it
is assumed that their consumption leads to a negligibly small
change in the bulk density of the material in the tailings. Oxygen consumed in the oxidation of sulphides leads to a change
in gas composition, with a consequent change in gas density.
It is further assumed that the quantity of gas dissolved in rain* To whom all correspondence should be addressed.
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water infiltrating the impoundment contributes a negligibly
small amount to the flux of oxygen entering the impoundment
(Ritchie, 2003).
Fine tailings are often deposited as slurry in a containing dam and allowed to settle. As diffusion of oxygen in air is
approximately 4 times greater than in water, ingress of oxygen
into tailings is relatively slow under water-saturated conditions.
After closure of a tailings dam, or even during use, a decrease in
the water level may lead to the formation of an unsaturated zone,
thereby opening the way for oxygen diffusion in pore spaces, and
hence faster oxidation processes (Lindvall and Eriksson, 2003).
The shape of an oxygen profile is controlled by the rate and
manner in which oxygen diffuses or advects into the dam as
well as the rate at which it is consumed within the dam. The
consumption of oxygen results in the development of oxygen
profiles that evolve over time as the oxidation process progresses
(Ritchie, 1994). Several variables control the development of
oxygen profiles and can be simplified as; the availability of oxygen, the quantity of pyrite and other sulphides, the rate of pyrite
oxidation, the age of the dam, the buffer capacity of the dam
rock, microbial activity, and the location of the profile on the
dam (Ritchie, 1994; Forstner and Salomons, 1988).
Oxygen can be transported into the tailings deposit by three
mechanisms, namely:
• Advective transport with water that contains oxygen
• Free or forced air convection through the top layer of the
tailings deposit
• Diffusion in the gaseous and aqueous phases through pores
in the tailings material (Werner, 2000).
The last mechanism is the dominant mechanism for transporting
atmospheric oxygen from the surface of the tailings to the depth
where the oxidation takes place (Jaynes et al., 1984; Nicholson et
al., 1989; Pantelis and Ritchie, 1991; Yanful, 1993). Oxygen diffusion in the gaseous phase is often considered the main transport process for oxygen within the unsaturated zone. However,

271

