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1. Air Entry Value (AEV)
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1. Introduction

Acid mine drainage (AMD) produced by oxidation of sulphide minerals contained in mining wastes
remains one of the critical environmental challenges for the mining industry (Wheeland and Feasby, 1991).
The oxidation reaction can cause acidification and heavy metals release in surface and ground water (Dagenais
etal., 2005). Use of cover system on mine waste is an effective method for prevention or reduction of acid mine
drainage creation (Quangrawa et al., 2005). Use of single layer cover is a method in which the water level
remains near the tailings surface (Demers et al, 2009). In this research, the behavior of single cover in
controlling oxygen diffusion through cover system was evaluated.

2. Methodology
2.1. Modelling scenarios

In this study different scenarios were defined that include four different profiles: fine cover over fine tailings
(FF), coarse cover over coarse tailings (CC), coarse cover over fine tailings (CF) and fine cover over coarse
tailings (FC). These scenarios were defined to represent different real situations in the field .The water table
was considered at two different depths of 1 m and 4 m. The thickness of the de-sulphurized cover was assigned
a single value of 1.8 m. The material below 1.8 m depth was assigned as potentially acid-generating sulphidic
tailings.

2.2. Finite Element Modeling

The finite element based software package VADOSE/W, was used for the numerical modeling and analysis.
VADOSE/W simulations were performed for various combinations of model profiles and depth to water table.
Each simulation was 208 days in duration which represents the duration of the summer season through which
there is no snow and ground temperatures are above freezing. Numerical modeling results including saturation
profiles, oxygen diffusion profiles and oxygen fluxes were evaluated to investigate cover performance.

3. Results and discussion

The purpose of this research was to evaluate the effectiveness of a tailings cover as a barrier to reduce
oxygen diffusion into the sulphidic tailings. The cover is designed to function in two ways: first, by maintaining
a high level of saturation to reduce the oxygen diffusion coefficient, and second, by creating oxygen sink where
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the small percentage of remaining oxidized sulphide minerals can consume any oxygen that may diffuse into
the cover layer. Based on the numerical modeling results, it was possible to make conclusions regarding the
effectiveness of the cover. The numerical modeling yielded three types of information: saturation profiles,
oxygen concentration profiles, and oxygen fluxes.

The saturation profiles were sufficient to make predictions with respect to the potential for oxygen
diffusion into the tailings. The homogeneous coarse tailings profile and the coarse over fine tailings profile both
produced considerable desaturation in the coarse tailings regardless of the water table depth. Both of these
profiles show potential for oxygen diffusion. The fine over coarse profile, illustrating the effect of a capillary
break, remained fully saturated to the surface for the shallow water table. The 4 m water table scenario showed
the fine tailings layer reaching 85 % saturation approximately 1 m from the surface, for most of the model year.
The fine over fine tailings profile was the best scenario and remained at saturation greater than 85 %.

To predict the extent of sulphide mineral oxidation from the numerical modeling results, it was necessary
to predict the oxygen flux at different locations throughout the tailings profile. According to Elberging and
Nicholson (Elberging and Nicholson, 1996) the oxidation rates in mine tailings can be estimated by evaluating
the Fickian flux of oxygen through the surface of the tailings and assuming that this is the rate at which oxygen
is consumed by sulphide mineral oxidation throughout the entire profile. The oxygen diffusion and
consumption modeling illustrated the effect of accounting for kinetic oxidation of the sulphide minerals on the
resulting oxygen flux through the tailings. Accounting for kinetic oxidation was found to reduce the oxygen flux
entering the sulphidic tailings. The depth of water table is the most important factor to control oxygen diffusion
so that tailings oxygen flux in the 1 m water table was approximately zero. Except profile CC, for other profiles
calculated fluxes are lower than 10 mol/m?.year that indicate all covers work effectively. FF profile is the best
scenario, because fluxes in this scenario are zero. Profiles CF and FF with 4 m water table have minimum oxygen
flux that indicate ability of fine tailings to remain at high saturations. Also for profile FC with oxidation within
the cover flux of 2.8 mol/m?.year is calculated that indicates positive effect of oxygen consumption in cover. CC
profile is the worst scenario that maximum flux occurs in this scenario and therefore it is recommended that
the coarse tailings should not be covered by coarse material.

Oxygen concentration profiles show that maximum oxygen penetration depth occurs in profiles CC and
FC thatindicate potential of coarse tailings for oxygen diffusion. Oxygen consumption in cover causes reduction
in depth of oxygen diffusion and concentration of cover and tailings interface. By adding the sand layer on top
of FC profile, oxygen will not penetrate reactive tailings. For the given water table, oxygen penetration strongly
depends on grain size and air entry value (AEV) of tailings.

4., Conclusions

In this study the efficiency of cover in controlling oxygen diffusion through cover system was evaluated.
Results showed that with decreasing water table depth, saturations in cover increased and improved cover
activity and oxygen diffusion restricted. Based on saturation diagrams, it was concluded that there is potential
for oxygen diffusion into the tailings surface for all the scenarios except the homogeneous fine tailings and the
fine over coarse tailings with a shallow water table. CC profile duo to low AEV of coarse tailings, has the lowest
saturation. For the given water table, oxygen diffusion strongly depends on grain size and AEV of tailings. The
depth of water table is the most important factor to control the oxygen diffusion; so that tailings oxygen flux in
the 1 m water table were approximately zero. Maximum oxygen penetration depth occurs in profiles CC and
FC that indicate potential of coarse tailings for oxygen diffusion. For profiles CF and FF that include reactive
fine tailings, oxygen penetration into fine tailings is very low. Profiles CF and FF with 4 m water table have
minimum oxygen flux that indicate the ability of fine tailings to remain at high saturations. Also for profile FC
with oxidation within the cover, flux of 2.8 mol/m?.year is calculated that indicate positive effect of oxygen
consumption in cover. Except profile CC for other profiles, calculated fluxes are lower than 10 mol/m?2.year
that indicate all covers work effectively. FF profile is the best scenario, because fluxes in this scenario are zero.
Oxygen consumption in cover causes reduction of oxygen flux and in some profiles oxygen flux reduces to zero
and causes reduction in depth of oxygen penetration and concentration of cover and tailings interface. By
adding the sand layer on top of FC profile, saturations in all thickness of fine grained cover layer were more
than 90 % and this high saturation will restrict oxygen diffusion. Also oxygen will not penetrate reactive
tailings. The general conclusion from this research is that the de-sulphurized tailings cover is likely not
reducing oxygen penetration into the sulphidic tailings to low levels over the entire tailings surface.
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