





TOPOGRAPHY & VISCOSITY

The topography of a selected site will probably be
the biggest factor in determining the overall cost of
the tailings facility. The topography of a selected
disposal site is effectively utilised in initially sizing
the facility's footprint by taking full advantage of
natural hills and valleys in order to optimise
sequential embankment-building works, minimise
the footprint and reduce the impact on the
environmental. For example, on a flat plane, a
four-sided, paddock-type facility may be required,
which could require significantly more civil works
than a cross-valley facility in steeply incised terrain.

The beach slope angle of the deposited tailings
can have important ramifications on the capacity of
the tailings facility. Once this angle has been
ascertained (which is a function of particle size
distribution, water content and tailings density),
modelling software can ascertain flow paths within
a particular topographic constraint quickly.

This, in turn, allows efficient starter embankment
placement, spigotting plans and drainage
provisions to be costed accurately. Spigotting is
similar to cycloning and involves the separation of
tailings particles according to grain size.

The selection of the tailings discharge viscosity
(which is related to pulp density, expressed as a
percentage) is a pre-requisite in selecting the method
of delivering tailings to a surface facility and the
deposition technique. Low pulp-density (low
viscosity) tailings can be centrifugally pumped to the
tailings dam and discharged sub-aerially over a wide
beach area.

As viscosity increases, a different pumping
method may be required, such as positive displace-
ment, with the tailings exhibiting a ‘thickened’,
toothpaste-like state when released. If the pulp
density is increased further, the tailings become a
‘dry’ product, and viscosity no longer plays a part in
delivery and deposition.

Mr Botham at Golder comments: “The nature of
the waste will also play a role. In particular, if a waste
material is benign and will not leach, there is really
no reason to provide a barrier, except for water
conservation. If the waste will leach metals, a barrier
system may have to be included.

“But, by engineering the waste, it may be
possible to segregate the tailings into separate
streams such that there is a large stream that is
generally benign, while there is a small stream that
may have special handling considerations. This
smaller stream may require a special facility that can
be constructed at a much lower cost than if the total
tailings was disposed in a single facility.”

SOFTWARE
Before the advent of many software programs,
engineers had to use their engineering judgement
and experience to decide the critical conditions for
the design, and then perform one or two analyses.
Today, it is possible to let software packages
determine the critical conditions. The consultant
then uses engineering judgement to evaluate
whether that critical condition is reasonable, and
then modifies the design and analyses to optimise
the solution. Designers can now look at many more
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options in a relatively short
period of time in order to
develop an optimal solution for
a project.

With recent developments in
3D digital terrain modelling,
tailings deposition scenarios can
be assessed quickly in both
rugged valley and paddockstyle
tailings dam structures.
Specialised software is frequently
used at all stages of the design
cycle to model a range of
deposition techniques and

embankment construction
methods in order to ensure the
use of the most cost-effective,
efficient solutions. This software
also assists with the visualisation
of design scenarios - essential
for reporting and presenting
to project team members,
clients and investors alike.
Software also forms part of
slope stability evaluation
packages, which allow many
slip surfaces and material
variations to be appraised in a »
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View of tailings ™ shorter timeframe, and in the use of hydrogeological
impoundment at  modelling to appraise the potential for basin and
Aitik mine, Sweden  embankment seepage, leading to robust interception/
mitigation design.

=~ WATER CONSERVATION
“Thickened  water management is a common challenge for all
tailings for mining operations. By their nature, tailing storage
facilities contain large quantities of process water,

underground either in free form as tailing ponds or in the pores
disposal of deposited tailings. Therefore, the management
may be Zf process w.ater is a key factor in developing
' esign criteria.
appropriate Mr Molloy at AMEC tells Mining Magazine:
under all “Water reclaim is a core issue within the design and

. . operation of a TMF facility and there are very few
climatic operations throughout the world that do not reclaim
conditions” water from tailings. In arid countries it may be more
———————  efficient to reclaim water at the process plant and
discharge the tailings as a ‘dry’ product, while, in
@ areas of higher rainfall, tailings may be partially
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thickened, slurried and pumped to
the TMF at a target pulp density.
The TMF is then operated as a
natural thickener, allowing water to
be reclaimed from its supernatant
pond back to the process plant.
Recovery of water from a slurried
TMF is essential in controlling the
size of the pond to prevent
uncontrolled releases reporting to
the environment.”

In water-drainage terms, surface
water hydrology factors generally
favour water diversion around the
tailings dam and minimising water
flowing into the impoundment,
unless one of the objectives is to
collect water for plant operations. In
general, these flows are minimised
for normal and flood conditions.

If possible, this will be achieved
by locating the tailings dam as close
to the head of the drainage basin as
possible to minimise the cost of
building surface water-diversion
structures.

As location, topography and
hydrologic considerations/constraints
are evaluated relatively easily, they
assume great importance in the
site-screening process.

Extreme rainfall or arid
conditions will have a marked
influence on the water balance of a
tailings dam, thus site-specific
water-management structures will
need to be installed to ensure
surface water flows (or lack of) are
managed appropriately.

Climatic and topographical
conditions are used by designers to
understand the potential hydrologi-
cal impact on a tailings dam as early
as possible, so this can be managed
effectively in the facilities design,
operation and closure plans.

For example, hydrological analysis
and water balance are used to
understand the potential magnitude
of natural slope run-off to the
tailings and supernatant pond,
leading to the establishment and
sizing of peripheral water-diversion
drains to limit excess fresh water
into the dam.

THICKENED TAILINGS
DISPOSAL

The surface or underground
disposal of thickened tailings is
being increasingly applied where
water resources for processing are
scant, and climatic conditions are
such that thickened tailings are
deemed appropriate.

Mr Spiers at SRK tells Mining
Magazine: “Numerous research
studies are under way on SRK
projects in Australia, Central Africa
and Chile regarding thickened tails
and paste technologies. The
advantages of thickened tails
include water conservation, efficient
run-off management, minimisation
of containment-dam construction
costs, enhanced stability and
minimisation of infiltration of
supernatant fluids and oxygen,
which could lead to acid generation.
The increased processing costs
incurred by thickening tailings can
often be offset by reduced capital
costs for embankment construction
and water-treatment facilities.”

Mr Botham says: “Surface disposal
of thickened and paste tailings is
considered on almost every project
now, whereas a few years ago these
options were considered to be too
expensive. In particular, any location
where water supply is limited, these
options are seriously considered.
However, as with every other design,
we need to evaluate all options.
There are situations where
thickening tailings are simply an
added cost and will provide little to
no overall benefit for the project.”

At more arid sites, further
filtration to form a ‘cake’ is gaining
momentum, leading to surface
co-disposal with waste rock and/or
‘dry” stack construction. Although
the market continues to discuss
the environmental advantages/
disadvantages for surface-thickened
tailings disposal under variable
climates, there is an opinion that
thickened tailings for underground
disposal may be appropriate under
all climatic conditions. ¥
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