PROPERTIES OF TAILINGS DAMS

What are tailings?

Tailings are the residue of the milling process used to extract metals of interest from mined ores
or to clean coal. During this process, ores are milled and finely ground, and then treated in a
flotation and/or hydrometallurgical plant. The extracted metal represents a small percentage of
the whole ore mass and so, the vast majority of the mined material ends up as a finely-ground
slurry. Tailings contain all other constituents of the ore except for the majority of the extracted
metal. These consist of heavy metals and other substances at concentration levels that can be
toxic to biota in the environment. Moreover, tailings contain the chemicals added during the
milling process, although these levels and types are generally not of major concern. After milling,
these contaminants are better available for dispersion into the environment than in the original
ore because of their finer particle size and higher surface area. Furthermore, the mechanical
stability of the tailings mass is poor because its small grain size and high water content.

Tailings impoundments

Most mill tailings produced worldwide are dumped in large surface impoundments ("tailings
dams"). In other cases, tailings are processed for use as backfill in underground mine workings.
The embankments of these large impoundments are typically constructed as earth-fill dams.
Although water-retention dams are suitable for use, their cost is too high.

Water-retention type dam for tailings storage
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Unlike water-retention dams, tailings dams usually are not initially constructed to completion but
rather, are raised sequentially as the impoundment fills.

Types of seguentially raised {ailings dams
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UPSTREAM TAILINGS DAMS

Upstream-type embankments are the most popular embankments for tailings dams; new parts of
the embankment are built on top of the slurries impounded during the previous stage - the dam
crest thus moving "upstream”.

Upstream tailings dam
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Because of its low cost, the upstream method is used with most tailings dams worldwide, but it
must be built and operated with great care and attention as it has the highest risk of failure of all
the methods. Dam stability is of great concern with this type of tailings embankments:

» The phreatic surface is critical for dam stability. Dam failure can occur, if the beach width
between the decant pond and the dam crest becomes too small - from flood inflow, or
from improper mill operation. While the determination of phreatic surface location is
important for upstream-type embankments, it is more complex for this method than for
any other type of tailings-retention structure.

Phreatic Surface in Upstream Tailings Dams
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Influence of heach width for homogeneous, anisotropic embankments
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k. = permeability at the edge of the ponded water at the slimes zone
ko = permeability at the spigot point (dam crest)

ke = permeability of foundation

ky / k, = anisotropy ratio (horizontal vs. vertical)



» Upstream dams are highly susceptible to liquefaction under severe seismic ground
movement. This may result from earthquakes, from mine blasting, or even from the
movement of heavy equipment.

» Upstream dam stability is endangered if the rise-rate of the dam is too high. Raising
rates greater than 15 m/yr can be hazardous as the tailings particles need tome to
consolidate to their highest permeability. If the particles do not settle sufficiently, this can
produce excess pore pressure within the deposit, decreasing stability.
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