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ABSTRACT

Reaching and maintaining sub-freezing temperatures within waste rock piles is of significant interest for the mining
industry in the North as a method of limiting or eliminating acid rock drainage. Some of the rock mined to gain access to
the valuable ore contains sulfides, which become a source of sulfuric acid when exposed to the atmosphere. Numerical
modelling was carried out with a recently developed finite element code to model natural convection within coarse waste
rock piles and to study the temperature distributions with time. Initial temperature data from a small scale test waste
rock pile that was constructed at the Diavik Diamond Mine site were used to calibrate the model and predict future
temperature developments. Various combinations of side slope or top surface covers are being created to investigate
how the convection effect is influenced by allowing air to enter into the pile. In addition it was investigated how internal
layers control the development of convective movement. Initial modelling results show that the convective cooling can
freeze back waste rock piles even under climate warming conditions.

RESUME

L'atteinte et le maintien des températures congélée dans les piles de roche est d'intérét significatif pour I'industrie
miniére dans le nord comme méthode de limiter ou d'éliminer le drainage acide de la roche. Une partie de la roche
extraite pour accéder au minerai valable contient les sulfures, qui deviennent une source d'acide sulfurique dés que
exposés a l'atmosphére. Modeler numérique a été effectué avec la méthode des éléments finis récemment développé
pour modeler la convection naturel dans les piles de roche et pour étudier les distributions de la température. Les
données initiales de la température d'une pile de roche a échelle réduite qui a été construite a I'emplacement de Diavik
Diamond Mine ont été employées pour calibrer le modeéle et pour prévoir de futurs développements de la température.
De diverses combinaisons des couvertures de pente du talus ou de surface supérieure sont créées pour étudier
comment l'effet de convection est influencé en permettant a I'air d'entrer dans la pile. En outre il a été étudié comment
les bancs internes commandent le développement des cercles convecteurs. Les résultats modelants préliminaires
prouvent que le refroidissement convecteur peut geler en arriere les piles de roche méme dans des conditions de
changement de climat échauffée.

1 INTRODUCTION
Since 2004, three 15 m high large scale test waste rock

piles have been constructed solely for research purposes
at the Diavik Diamond Mine Inc. using three different

Acid drainage from mine waste rock piles or chemicals
from tailing ponds entering the food chain have severe

impact on the environment and aboriginal communities in
northern regions. Cold winter temperature conditions at
most mine sites have the potential to reduce these
problems (e.g. Kyhn and Elberling 2001). Numerical
studies showed that in a permafrost environment natural
air convection can be utilized freeze and to keep coarse
waste rock piles frozen (Klassen et al. 2007). This may
prevent acid generation in mine waste rock piles or by
placing a coarse rock cover on top of a tailing pond, it can
induce freezing more quickly and keep them frozen
(Arenson and Sego 2007). In winter, the cold air cools
down the rock pile because of a gravity driven flow of cold
air. In summer, when the surface temperatures are
warmer than the temperatures in the pile, the low thermal
conductivity of the air protects the rock pile from warming
because heat transfer is reduced to conduction, and only
limited air flow is recorded.
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waste rock materials (Blowes et al. 2006) (Fig. 1 & 2).
Amongst other parameters, temperatures are recorded
inside the waste rock piles to investigate the phenomenon
of natural convection.

The paper presents results from ongoing numerical
modelling of air convection in porous waste rock piles.
Temperature data from the Diavik waste rock piles are
available for approximately one year that are used as
reference and model calibration, respectively. A longer
measurement series was available from the BHP Billiton
Ekati Diamond Mine site, which is located approximately
30 kilometres Northwest of the Diavik site. These data
were also used for model calibration.

In addition, theoretical considerations were carried out to
study the effect of different surface boundary conditions
























