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Recent advances in
numerical modelling for
large-scale mining projects
Numerical modelling is now a robust and mature technique for predicting
behaviour at the mine scale, writes Peter Cundall
Three large-scale mining projects, Mass Mining
Technology (MMT), Large Open Pit (LOP)
and Hybrid Stress Blast Model (HSBM), have
been the focus of intensive research activity in
Australia and elsewhere in the past few years.
These large industry-funded projects, all
based in Brisbane, have one thing in common:
the demand for a realistic representation of
rock mass behaviour. This particular quest has
stimulated numerous research efforts that have
led to new knowledge and techniques that are
used increasingly throughout the geotechnical
industry. Of particular interest is the Synthetic
Rock Mass numerical modelling technique
(SRM), pioneered by Itasca (a major research
provider for the projects), that provides a
detailed consideration of joint fabric on the
strength, modulus, anisotropy and brittleness of

a large-scale rock mass. All three projects rely
extensively on SRM, and have stimulated the
development of novel software for application
to the mining industry.
This article summarises some of the recent
advances in numerical modelling for largescale mining projects made within these
collaborative research projects and related
consulting efforts by Itasca. We first discuss
the SRM technique, and then describe some
of the recent numerical modelling advances
done for the MMT, LOP and HSBM projects.

The SRM approach to modelling
jointed rock mass behaviour
One of the most challenging aspects of design
in moderately to heavily jointed rock masses
Continued page 2

Continued from page 1
is the proper representation of rock mass
behaviour, which involves the combined
effects of discontinuities and intact-rock
bridges. Preferred joint fabric can induce
a marked anisotropy in modulus, strength
and brittleness. In addition, rock mass
properties can exhibit significant scale
dependence, because joint density and
persistence involve specific length scales.
The SRM methodology was developed
within the MMT project to quantify rock
mass behaviour at the scale of 10 to 100 m,
which is impossible to assess directly
in the laboratory or field, when failure
is important. The approach synthesises
rock mass response by combining intact
rock mechanisms (deformation and brittle
fracture) with mechanisms involving
discontinuities at a scale relevant to the
problem being considered.
The SRM approach represents a jointed
rock mass as an assembly of joint-set
elements embedded in a matrix that
allows new fractures to initiate and grow
dynamically, according to the imposed
stress and strain level. The approach,
pioneered by Pierce et al. (2007) and Mas
Ivars et al. (2008), uses a combination of
the Bonded Particle Model for the rock
matrix (Potyondy and Cundall, 2004) and
the newly developed Smooth Joint Model
for pre-existing fractures.
The Bonded Particle Model is based
on the discrete-element code PFC3D
(Itasca, 2005). In this model, the rock is
represented as an assembly of spherical

Figure 1

Figure 2 PFC2D simulation of an unconfined compression test on a jointed rock mass element, which shows
new fractures (red) developing between existing joints (blue).The black curve is the stress–strain response

particles bonded together at their contacts.
The bonds can break, depending on the
stress level, thus representing fractures
that originate and grow naturally within the
assembly.
A Discrete Fracture Network (DFN),
which honours the joint measures (e.g.,
spacing, trace-length and orientation)
derived from drilling and mapping on-site, is
embedded within the bonded assembly, as
illustrated in Figure 1. These pre-existing
joints and fractures are inserted into the
PFC3D particle assembly using the Smooth
Joint Model, which allows slip and opening

Generation of SRM sample for testing; largest sample is 80 m on each side

on planar surfaces independently of the
local particle geometry. In addition, samples
of intact rock are tested numerically to
calibrate both the modulus and strength
to corresponding values obtained from
laboratory tests.
A testing environment has been
developed within PFC3D for the SRM
samples, consisting of a standard suite of
direct tension, UCS and triaxial tests that
enable the systematic characterisation of
the mechanical behaviour of a jointed rock
mass. Figure 2 shows a PFC2D (Itasca,
2004) simulation of a UCS test on a rock
mass sample with two pre-existing joint
sets. Wing cracks (red) are observed to
propagate in the matrix and coalesce from
the pre-existing joints (blue). Failure of the
entire element requires failure on joints as
well as fracture in the intact material.
Of particular interest is the ability to
obtain predictions of rock mass scale
effects, strength anisotropy and brittleness
parameters that cannot be obtained using
empirical methods of rock mass mechanical
property estimation (such as the HoekBrown criterion). Figure 3 illustrates the
stress–strain response from SRM UCS
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Modelling
Seismology Consultants (ASC), has
developed a powerful methodology to
extract fracturing mode and orientation
data from existing microseismic catalogues.

Northparkes case study

Figure 3 Stress–strain response of UCS tests on carbonatite rock mass tested numerically in three
orthogonal loading directions

tests on a carbonatite rock mass. Due to
a dominant vertically oriented joint set
within the rock mass, strength anisotropy
can be observed clearly when the sample is
loaded in different orthogonal directions.
A relatively ductile post-peak response
is also observed (Mas Ivars et al., 2008).
These characteristics are not represented
by existing empirical techniques used to
estimate rock mass strength.

Advances in the understanding of
caving prediction — MMT
The International Caving Study (ICS) was
an industry-funded research programme,
started in 1997, aimed at improving
the understanding of the main factors
impacting the successful operation of cave
mines: caveability, fragmentation, gravity
flow, draw control, and undercut and
extraction-level design. In the course of
the study, Itasca developed a numerical
model of caving that since has been
applied at operations worldwide to predict
caveability. Using the understanding of
caved rock-flow behaviour developed from
PFC3D, and from physical modelling studies
conducted by Gavin Power, Adrian Halim
and Raul Castro at the Julius Kruttschnitt
Mineral Research Centre (JKMRC), a new
code called REBOP (Rapid Emulator Based
on PFC3D) was developed to permit rapid
simulation of draw of fragmented rock
from block, panel and sublevel caves
(Figure 4).
At the end of the International Caving
Study in 2004, it was recognised that
knowledge and understanding were still
lacking in key areas. Also, the results of a
scoping study concluded that numerical
modelling offers the most powerful and

flexible tools for the analysis of caving.
Subsequently, a new project, Mass Mining
Technology (MMT), managed by the
Sustainable Minerals Institute (SMI) of
Brisbane, was formed in early 2005.
MMT is a three-year industry-sponsored
effort involving several research groups
and individuals. Itasca’s primary role is
to continue caving mechanics research
to improve numerical models of caving
developed within the International Caving
Study.

Microseismic analysis

Linking PFC to microseismic data is
a technique that has been employed
successfully within pioneering research
projects to reproduce in situ seismicity
measured in massive brittle rock (Hazzard
and Young, 2004) and has been applied to
the analysis of damage around underground
excavations (Young et al., 2004). Itasca’s
joint research partner in MMT, Applied

The Lift 2 block cave at Rio Tinto’s E26
mine has been employed as a case study to
test the potential for application of SRM
technology and advanced microseismic
analysis to caving prediction. The primary
objective of the research was to create a
cave-scale model, using FLAC3D (Itasca,
2006) that employs rock mass properties,
derived primarily from SRM testing, and
to use this model to back-analyse the
undercutting and draw process.
In a typical caving operation, the
transition between virgin rock and rubble
material in the caved zone occurs via a
seismogenic zone, site of seismic activity,
and a yielded zone (zone of discontinuous
deformation), where intense rock damage
takes place (Figure 5).
The shape, extent and advance rate
of the three main cave zones were
tracked within the simulation (Figure 6)
as a function of draw/production. These
parameters were compared to in situ
measurements of seismic activity, and onsite detection of the yielded zone through
downhole video and TDR data.
The comparison showed that the
overall advance rate and thickness of the
seismogenic zone are captured well in the
model, particularly in the centre of the
cave back.
It is well known that rock masses start to
exhibit damage and seismicity before they
reach peak strength. Diederichs (1999)
discusses this in great detail and provides
evidence of a damage threshold (σ1)
that is given by the sum of the confining
stress (σ3) and 30 - 40% of the intact UCS:
σ1 = σ3 + [0.3 to 0.4] * UCSlab.

Figure 4 PFC3D simulation of draw from a sublevel caving ring (left); REBOP model of block caving (right)
used to predict cave drawdown, ore recovery and dilution

Australian Centre for Geomechanics • June 2008 Newsletter

3

Figure 5 Caving terminology (Duplancic and
Brady, 1999)

Figure 7 View of predicted seismogenic zone on 9 October 2004 illustrating main features on a 20 m thick
section through the cave

Figure 6 Seismogenic, yielded and caved zones
from FLAC3D model

This damage threshold has been shown
to correspond to the point at which
measurable seismicity might be detected
in the mine. This criterion also has been
shown to correspond to the point in the
SRM tests at which significant cracking and
dilation begin (prior to peak strength). The
above criterion has been employed within
the cave-scale model as a means to predict
the spatial distribution of seismicity around
the cave (seismogenic zone), as in Figure 7.
The match between the predicted yield
zone limits and both the TDR breakages
and open hole blockages is very good, as
illustrated in Figure 8. This is significant,
considering that accurate simulation of
rock mass strength, brittleness and bulking
is required.
In addition, a microseismic analysis
showed that fracture orientations recorded
during undercutting and cave propagation
of Northparkes Lift 2 block cave were the
same as the fractures produced during
SRM tests of representative rock masses
under cave-induced strains (Figure 9).
A full description of the validation of the
SRM technique using excavation-induced
microseismicity, is provided by ReyesMontes et al. (2007).
Further validation of the SRM technique
has been derived from the comparison of
primary fragmentation recorded in SRM
tests compared to the fragmentation

4

Australian Centre for Geomechanics • June 2008 Newsletter

observed within drawpoints at Lift 2, as
illustrated in Figure 10.
As demonstrated above, the predicted
advance of the seismogenic, yield and
caved zones compares well with in situ
observations in Lift 2, indicating that the
model is capable of simulating realistic
draw and capturing the mechanisms
of damage, yield, dilation and bulking
necessary to reproduce correctly the cave
shape and advance.

Large-scale analyses

Although mine-scale simulations could be
performed with PFC3D, continuum codes
still are considered a good choice to ensure
reasonable computation times. Current
research within the MMT project is focussed
on calibrating the SRM response of a jointed
rock mass with a strain-softening ubiquitous

Figure 8
Progression of predicted
caved zone limit,
> 1 m displacement
(white isosurface) and
overlying yield zone limit
(blue isosurface) versus
TDR breakage locations
(blue spheres) and open
hole blockage locations
(red squares)

joint constitutive model (Sainsbury et al.,
2008). The resultant modelling methodology
has been termed a Ubiquitous Joint Rock
mass (UJRM) model. An example of the
damage propagation behaviour within a
FLAC3D UJRM sample can be seen through
the progressive degradation of matrix
(intact) cohesion and ubiquitous joint-failure
plots at various stages of UJRM UCS sample
loading (Figure 11).

Advances in the numerical
simulation of large open pit
slopes — LOP
Based upon the successful back-analysis of
cave behaviour using the SRM technique
within the MMT project, the technique
now is being employed to simulate the
behaviour of large open pit slopes within
the industry-funded Large Open Pit (LOP)

Modelling
Project, which is managed by the CSIRO
(Read, 2007).
A two-dimensional SRM slope model was
developed to enhance the understanding
of large open pit slope behaviour. The
LOP slope model used the same SRM
techniques developed within the MMT
project to represent a rock mass and
pre-mining stress field. The model, see
detail in Figure 12, is based on joint data
from pit-wall mapping, intact rock strengths
from laboratory testing and discontinuity
property estimates. The 2D joint traces
were extracted from a three-dimensional
Discrete Fracture Network (DFN)
developed using 3FLO software (Billaux
et al., 2006 and ICSAS, 2006). Other
programs, such as JointStats, also could be
used to generate DFNs.
The model, shown in Figure 13, displayed
natural slope-failure mechanisms, including
tension cracks along the surface and
toppling in the upper pit walls along a base
failure plane. Although the slope has not
collapsed by the end of the model run, it
continues to creep slowly, with the greatest
total displacement occurring along the pit
wall approximately seven benches deep.
The overall behaviour is consistent with
what has been observed in the actual open
pit slope.

Cadia Hill case study

In order to study complex structurally
controlled pit slope failure mechanisms, a
three-dimensional model is required. Backanalysis of complex structurally controlled
failure mechanisms at the Cadia Hill Open
Pit (Sainsbury et al., 2007) was performed
using the three-dimensional distinct
element code 3DEC (Itasca, 2007). This
particular code allows simulation of full
open pit shells with thousands of explicit
structural features that can slip, separate
and rotate. The simulation results provide
a close correlation with observed yielding
and slope monitoring instrumentation
(Figure 14).
Note that the Cadia Hill analysis is not
part of the LOP project.

Figure 9 (above) Comparison of
fracture orientations predicted by
SRM testing and those inferred
from microseismic data
Figure 10 (right) Comparison of
fragmentation in SRM tests and
measured in Lift 2 drawpoints
Figure 11 (below) Stages of
damage within a strain-softening
ubiquitous joint model including
matrix cohesion degradation and
ubiquitous joint failure

Development of a hybrid stress
blast model — HSBM
Itasca, in partnership with the SMI of
Brisbane, is involved in the development
and validation of the Hybrid Stress Blast
Model (HSBM). HSBM is an industryfunded project that is developing a
comprehensive suite of programs for the
design of explosive blasts — from rock
and joint characterisation to blast
layout and design to numerical results
from blasting.
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Figure 12 Individual blocks formed in twodimensional SRM slope model

As part of the project, Itasca has
developed software to model the
complete process of rock blasting in
three dimensions. The code, BLO-UP,
uses a unique combination of continuous
and discontinuous numerical methods to
represent the key processes occurring
in non-ideal detonation, rock fracturing,
gas flow and muck pile formation. The
objective of the HSBM project is to be able
to make predictions of fragmentation for
a given blast layout. Figure 15 shows the
example of one blasthole in a sandstone
block containing one set of randomised joint
planes. Detonation is at the bottom of the
hole. The microcracks forming after 1 ms of
blasting are represented in Figure 16.
Figure 17 shows the formation of rock
fragments, at 500 ms of simulation time,
with multiple smaller fragments flying away
from the original blasthole location. The
black dots are individual particles.
The user can create pre-specified model
geometries, such as slopes, and include any
number of blastholes, decking and delay
configurations (see example in Figure
18). The code also allows several postprocessing options, including visualisation of
fragmentation and back-break, monitoring
vibration and calculating the fragment size
distribution of the final muck pile.
The code used for the simulations is
based on a lattice of nodes and springs to
represent the rock in the intermediateand far-fields, and the fracturing that

Figure 13 Horizontal displacement and actively shearing joints (> 5 mm)

Figure 14 Multi-bench slope failure caused by a combination of rock mass yielding and sliding along explicit
structures, with bottom graph showing calibrated slope displacements

occurs due to outgoing stress waves.
In the near field, a continuum grid
provides better resolution and more
realistic physics, including compressive
rock yield and programmed burn to
represent detonation in the borehole.

The expansion of the detonation
products is fully coupled to the adjacent
rock, and axial flow (Taylor wave) is
also represented. The gas products are
introduced into the network of fractures,
causing further expansion of the fractures
and heave of the resulting rock fragments.

Conclusions

Figure 15 Blasthole and joint
traces (shown in blue)

6

Figure 16 Microcracks (in
blue) after 1 ms of simulation.
Joint traces are shown in red
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Figure 17 Rock fragments
after 500 ms

Itasca is a primary research partner
in the industry-funded Mass Mining
Technology (MMT), Large Open Pit
(LOP) and Hybrid Stress Blast Model
(HSBM) Projects. Research conducted
within these projects has significantly
improved the understanding of the
fundamental strength and deformation
behaviour of jointed rock masses, caving
mechanics, large-scale slope behaviour
and blasting mechanics.

Sheraton Perth Hotel, Western Australia

Figure 18 Muckpile and surface fragments from
delayed explosion in five blastholes in a single bench

Acknowledgements

The research reported has been funded by
the Mass Mining Technology (MMT), Large
Open Pit (LOP) and Hybrid Stress Blast
Model (HSBM) Projects. MMT and HSBM
are managed by Dr Gideon Chitombo of
SMI, and LOP is managed by Dr John Read
of CSIRO.
The contribution of the following
engineers and scientists to the work
reported here is acknowledged: Matthew
Pierce, Diego Mas Ivars, Caroline Darcel,
David DeGagné, David Potyondy, Paul
Young, Marc Ruest, Bre-Anne Sainsbury and
David Sainsbury.

References

References available on request from the
ACG at acg@acg.uwa.edu.au

Peter Cundall,
Itasca Consulting
Group, Inc.

SHIRMS

2008
1 Rock Mechanics Symposium
st Southern Hemisphere International

Regist

er

now

to atte
nd
this ev
ent

Early Bird
registration
expires
4 August 2008

KEYNOTE SPEAKERS
Ted Brown, Peter Cundall, Maurice Dusseault, Peter Kaiser,
Alex Mendecki, Philip Pells and Boris Tarasov to present
keynote addresses at SHIRMS.

SYMPOSIUM ASSOCIATED EVENTS
PETROLEUM GEOMECHANICS IN THE VALUE CHAIN
SHORT COURSE - 14 to 15 September
FROM Rock mass TO ROCK MODEL
WORKSHOP - 15 September
MATERIALS BEHAVIOUR UNDER
EXTREME CONDITIONS, CSIRO HALF-DAY
SHORT COURSE - 19 September

SPONSORS
Principal Sponsor

Major Sponsor

Industry Exhibitor

www.shirms.com

mechanics on the rocks mechanics on the

16 - 19 September 2008

Mining rock mechanics Civil rock mechanics Fundamental rock mechanics Petroleum rock

Modelling

Australian Centre for Geomechanics • June 2008 Newsletter

7

A view of Sewell, location
of the old camp for the
El Teniente mine

Some geomechanical challenges in deep
underground mining in Chile
Chile is not an exception
to the known rule that the
mining of copper porphyry
ores must go deeper and
deeper as the ore is extracted.
As mines go deeper they
must face new challenges and
the industry must develop
several strategies to cope
with the ever changing
conditions, writes
Michel van Sint Jan
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Perhaps one of the most exciting
developments currently taking place in
Chile is the planning for the transition
of Chuquicamata from an open pit to
an underground mine. What makes
this project unique are the enormous
dimensions of the pit, approximately
4.5 km long, 2.5 km wide and 1 km deep by
the end of the open pit mining. Planning to
start the underground mining in the year
2018 is proceeding according to schedule.
Proven reserves yield 1813 million tons
of ore with 0, 79% Cu and 0,051% Mo.
Mining alternatives that are under review
are: sublevel caving, open stoping with pillar
recovery, panel caving and macro blocks.
When in production, the mine will produce
120,000 t per day and it will be comparable
in size to El Teniente, currently the largest

underground copper mine. The mine plan
has three production levels, implying that
all the personnel, equipment and mineral,
will have to travel a vertical distance of
up to 1500 m. The project plan includes
an inclined ramp 12 km long as the main
conveyor haulage tunnel, an adjacent
access and service tunnel, a vertical
service shaft and several ventilation
shafts. The in situ (at the end of open
pit mining) stresses at the production
levels are expected to be in the order of
20 MPa vertical, 20 to 25 MPa horizontal
north-south and 26 to 28 MPa horizontal
east-west. Intact rock strength varies
from 40 to 90 MPa and it is expected that
the ground behaviour problems will vary
from squeezing ground to brittle fracture
and rockburst potential.

Deep Mining
One of the technologies to be used
will be pre-conditioning of the rock mass,
which has given good results at El Teniente.
A large body of knowledge in dealing
with deep and high stress mining in Chile
has grown from the experience at El
Teniente. The underground mine is located
75 km south east from Santiago, the capital
of Chile.
The current production of the mine
reaches 100,000 t of minerals per day, 85%
of which corresponds to primary
ore, and in the future it will be 100% in
primary ore.
The support systems used at the El
Teniente Division have evolved, as does
the understanding of the geomechanical
risks (such as over-excavation of drifts
and shafts, rockbursts, rockfalls, etc.)
and of their compatibility with the static
or dynamic loads to which they will be
subjected during the exploitation of the
mine. The support systems have allowed
for a safe working environment for the
people, equipment and infrastructure.
In order to reach the production rates
that have been indicated, the El Teniente
mine must develop nearly 13,000 m of
tunnels per year among the several levels
of the mine. Nearly 70% of such tunnels
include shotcrete in their support system.
Shotcrete reinforced with chain link
(wire fabric) mesh, supplemented with
rockbolts or, eventually, with steel cables,
has been widely used since the late 1980s.
The mesh, type 10006 according to
BWG Standards, is made up of 5.11 mm
diameter and 472 Mpa ultimate strength
steel wire shaped in diamonds 14 cm long
and 12 cm wide. Such support system has
proved satisfactory in rockburst prone
ground, reducing the effect of rockbursts in
drifts. Thus, chain link mesh is considered
as a reference for any new shotcrete
reinforcement to be tested at the mine,
such as some kind of fibre.
Tests of 10 cm thick synthetic fibre
reinforced shotcrete panels demonstrated
that this support system has an energy
absorption capacity of 10 to 15 KJ, a result
which compares quite favourably with the
behaviour of chain link mesh reinforced
shotcrete (9 KJ at a mid-panel displacement
of 10 cm). Thus, it is a potential support
system that can be used under certain
circumstances found in the El Teniente
mine (low-stress state, static conditions,
small displacements in drifts, acidic
water environments).
El Teniente mine also commissioned
tests on chain link mesh panels. The tests
indicated that a typical chain link mesh
used in the underground mine has an

energy absorption capacity of 6 to 8 KJ,
but can sustain larger displacements than a
shotcrete panel.
A new lightweight steel cable mesh design
has recently been patented and tested,
which can double the energy absorption
capacity of the standard chain link mesh
and, in the areas of overlap, it has six times
more energy absorption capacity than
the standard mesh. Other advantages of
the new mesh are, first, that it can sustain
larger deformations and second, that it is
manufactured in such a way that the failure
of a cable in one square does not produce
total separation of the mesh.

Lessons from field observations

On 30 August 2005, a magnitude 2.7
rockburst was registered in the Diablo
Regimiento sector of El Teniente mine.
A team from the Pontificia Universidad
Católica de Chile was commissioned to
carry out a damage survey and analyse the
available data in order to understand the
source of the rockburst and that could be
useful for future designs of the support
systems.
The behaviour of the support was
studied using the record from a station
located approximately 170 m from the
source, with a peak particle velocity of

approximately 0.2 m/s. The analyses of two
failures observed as a consequence of a
seismic event suggest that the peak particle
velocity associated with the support failure
was in the order of 2.5 to 6.0 m/s. The
computed PPV are 20 to 60 times larger
than the maximum PPV measured by the
seismic network at points located well
within the rock mass. Rockbolted blocks
were ejected at velocities in the order of
4 to 5 m/s. Such results highlight the need
to develop a better understanding of the
mechanism of rock failure at the focus,
and of wave propagation near the focus, as
well as of wave amplification around the
excavations.
A numerical analysis of wave propagation
is being developed as part of a research
effort to understand the questions posed
in the previous paragraph. Initial results
suggest two important effects:
1. Particle velocity amplification varies
significantly (up to 3 times) around the
periphery of a tunnel. This implies that
failure can result in localised zones of the
tunnel perimeter.
2. Particle velocity amplification is
frequency dependant. For a strong rock,
with Vp approximately 4,500 m/s, peak
amplification occurs at frequencies close
to 50 and 100 Hz. Since the dominant

An areal view of the Chuquicamata pit
and the Chuquicamata town,
currently abandoned
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frequencies, at least in one seismic event,
have been found to be in the range of
10 to 150 Hz, the previous result means
that large particle velocity amplification
can be expected in the perimeter of the
tunnels.
The need to understand wave
propagation and dynamic rock failure
mechanisms is further enhanced by the
possibility of using large blasting in order
to precondition the rock mass. In the
meantime, El Teniente has had successful
experience of rock pre-conditioning using
hydraulic fracturing.
Feasibility studies to evaluate the
potential of pre-conditioning as a tool to
improve the extraction rate and decrease
some of the unwanted side effects
associated with deep mining in hard rock
were carried out in El Teniente mine during
2004. Two pre-conditioning procedures
were initially considered: hydraulic
fracturing and dynamic fracturing via
large-scale blasting. After some preliminary
analysis it was decided to proceed with
hydraulic fracturing tests. The first tests
were done during 2005, in parallel with
numerical modelling using UDEC, PFC and
3D Finite Element Analysis. The selection
of UDEC and PFC was based on the ability
of UDEC to include the coupled behaviour
between fluid flow, effective stresses and
joint opening, whereas the selection of PFC
was based on its ability to simulate the
generation and propagation of new cracks,
given the hydraulic pressure in the joints.
The result of the analyses with UDEC
indicated that no new fractures are
generated; the flow of water at a pressure
of 25 MPa opens the existing joints up to
a distance of 45 m away of the injection
hole. Repeating the analysis with the PFC
code confirmed that no new fractures are
generated and that a flow of 300 l/min
would be able to open the joints. The
results were later confirmed in the field.
It is always good engineering practice to
check the results of numerical analysis with
in situ observations. For this particular
case, it would have been necessary to
measure the flow path; it would also be
necessary to know if and which of the
existing joints opened, or if new cracks
were formed. However, due to budget
restrictions and the difficulty in finding
the appropriate measuring techniques,
those results of the analyses could not be
checked with in situ observations.
The study of a pre-conditioning strategy
has raised the need for better evaluation
of mechanical and hydraulic properties
of the rock mass, as well as modelling
of the coupled behaviour between fluid
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Figure 1

Seismicity in Diablo Regimiento with and without pre-conditioning

Figure 2

Correlation between the extraction rate and seismic activity

“The dynamism of the
mining industry
is a permanent source
of new challenges
for scientists
and engineers”

flow, effective stresses, crack generation
and propagation mechanisms. The study
has also raised the need for better
instrumentation techniques.
The field test application of hydraulic
fracturing in a sector of the mine (Diablo
Regimiento) was a success. As shown in
Figure 1, the pattern of seismic activity
changed so that the maximum magnitude
was less than the historical behaviour; there
were fewer events of larger magnitude
and an increment in the activity of low
magnitude events. The time to breakthrough
was 10 months, which compares quite
favourably with an estimated time of 23
months based on the experience from
other sectors of El Teniente. With regards
to fragmentation, the results did not show a
significant change.

Deep Mining
After the successful experience with preconditioning in Diablo Regimiento, the entire
advancing face of the Reservas Norte sector
(68,000 m2) was preconditioned during
2007 and undercutting and extraction has
recently begun.
Another interesting field observation,
shown in Figure 2, is the empirically
developed relationship between the
extraction velocity (mining index) and
seismicity (ISS rating) for a particular sector
of the El Teniente mine. The plot clearly
shows a direct correlation of seismic activity
with the extraction rate. Figure 2 suggests
that the mode of failure depends on the
rate of stress increase. This figure raises
the need for a further understanding of the
time dependent behaviour of hard rocks and
for the appropriate numerical simulation to
study the conditions for caving initiation and

propagation under the constraints
imposed by the geomechanical setting and
the mine layout.
Araneda and Sougaret mention that, in
the case of collapses, a hard lesson was
learned in the Esmeralda sector, where
mining proceeded with a wide caving
front. Collapses in the central part of the
excavation face have been experienced
since 2001. Other mining sectors, with
reduced caving fronts, have had successful
experiences with regards to collapses.
The lesson is be aware of wide cave
fronts. In fact, a very successful experience
in reducing cave width was achieved in
Teniente 4 South during 2006.
To finalise this brief review of deep and
high stress mining in Chile, it is interesting
to observe that the dynamism of the mining
industry is a permanent source of new

challenges for scientists and engineers and
it is the driving force behind new fields of
research and new technical developments
which make life more exciting.

The Australian Centre believes it is
crucial that industry educates its
workforce and stakeholders about
the risks presented by rockburst
phenomenon. This training DVD
will take the viewer underground
to observe and understand mine
seismicity hazards.

KEY FEATURES
•High quality underground mining
images and state-of-the-art
graphics.
•Reflects current Australian personal
protection equipment standards
and safe working procedures.
•Applicable to most underground
metalliferous mining operations.
•The DVD runs for 43 minutes
and can be viewed in three
sections or as a whole.

References

References available on request from the
ACG at acg@acg.uwa.edu.au

Michel van Sint Jan,
Pontificia Universidad
Católica de Chile

Fifth International
Seminar on
Deep and High
Stress Mining
7 – 9 October 2009, Santiago, Chile

The First International Seminar on Deep and
High Stress Mining was held in 2002 in Australia.
Subsequent seminars were held in South Africa
in 2004; Canada in 2006; and Australia in 2007.
At the fourth International Seminar on Deep
and High Stress Mining (2007) it became clear
that these seminars were filling a real need in
the industry and it was decided to hold them in
different parts of the world with active mining
provinces. As such, we look forward to the event
being held in Chile for the first time.
The main objective of the seminar series
is to provide a forum for the exchange of
information, experience and ideas on deep and
high stress mining.
Please contact Professor Michel van Sint
Jan at the Pontificia Universidad Católica,
Chile via vsintjan@ing.puc.cl for further
information.

TOPICS INCLUDE
•What is a seismic event
and what is a rockburst?
•Is there a pre-cursor to
large rockbursts?
•How to control the
risk of rockburst?
www.acg.uwa.edu.au
acginfo@acg.uwa.edu.au

AUTHORS
Yves Potvin and
Daniel Heal
Tel: +61 8 6488 3300
Fax: +61 8 6488 1130
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Tailings storage

and water management

Phil Soden gives an overview of
the role of thickening
At many mine sites, both locally and
internationally, management of mine water
is increasingly being considered as equally
important to the safe containment of
tailings, both for reasons of preservation
of the environment and to minimise losses
of process water to ensure uninterrupted
operation of the mine’s process plant.
This article draws on examples of
existing tailings management schemes to
compare thickened and unthickened tailings
storage and water management facilities.
The role of thickening will be examined in
consideration of the design aspects of the
tailings storage, the impact of thickening on
site water management, and aspects of site
rehabilitation.
Since its establishment in 1981,
Australian Tailings Consultants (ATC) have
been involved in the design, documentation,
construction, operation, surveillance and
closure of tailings management facilities,
specifically embankments and related
infrastructure to facilitate safe containment
and management of mine tailings and water.
Tailings are generated from a wide range
of ore types and genres (including coal,
metalliferous, mineral sands and diamonds),
ranging from conventional (unthickened
tailings) to high-density thickened tailings
schemes. Designs of tailings storage

facilities (TSFs) must also cater for climatic
conditions (varying from arid sites, to wet
climates with high rainfall, to seasonal
freezing), seismicity, geology and topography.
Unthickened tailings are typically thought
of as having solids contents (w/w) of
between 20 and 40%. However, strictly,
unthickened tailings are defined by their
potential to segregate after deposition (i.e.
hydraulic sorting of the tailings particles).
ATC use the segregation threshold to
define this limit. The segregation threshold
is dependant on factors linked to the
primary ore type, particle size distribution,
specific gravity, rheology and process used.
In some storage facilities the ability
for unthickened tailings to segregate is
exploited by utilising the coarse tailings
fraction to facilitate raising the tailings
retaining embankment (usually the method
of upstream or centreline construction is
employed in these circumstances). Another
method of separating the coarse fraction
for use in embankment construction is
cycloning. This method is more efficient,
but requires much higher capital outlay.
The main differences between the
characteristics of a scheme designed to
manage thickened tailings as opposed to
unthickened tailings relate to steeper and
more consistent beach slopes, reduced
tailings decant water, and potentially higher
tailings densities as a consequence of
evaporative drying of the tailings beach

(Williams et al., 2003). In principal, for
design of conventional (unthickened)
tailings management systems, the tailings
properties are fixed by the process plant
and the confining walls of the storage must
be designed to withstand the stresses
imposed on them by nature. For thickened
tailings schemes, the tailings properties can
be engineered to suit the unstructured
natural topography of the storage site.
Thickened tailings are typically defined by
their non-segregating nature, and may be
further sub-classified into thickened slurry
or paste. A thickened tailings slurry is
characteristically defined as one which will
readily flow (by gravity) a sufficient distance
from the discharge point for practicable
surface storage strategies (Figures 2 and 3).
The term “paste” is used to define
very high density tailings with low flow
characteristics and an unsheared yield
stress greater than 100 to 150 Pa. Solids
content of paste tailings are typically in
excess of 75% (w/w). When this definition
is applied, very few surface tailings
management schemes can be defined as
“paste” at present. Paste is predominantly
utilised in underground storage schemes.
However, from the viewpoint of surface
disposal, there is no practical difference
between thickened and paste tailings, with a
continuum of properties and characteristics
from one through to the other. Note: this
may not apply to transport by pumping,

Figure 1 (top of page)
Tailings disposal and water
management scheme at
Sarcheshmeh Copper mine,
Iran
Figure 2 (far left)
Low density tailings flow in
a flume at Sarcheshmeh
Copper mine, Iran
Figure 3 (left)
Thickened tailings flow on the
beach
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Tailings
versus unthickened tailings will be different,
as will the measures for collection and
recycle of seepage water for each of the
storage systems.

Styles of discharge systems

Surface tailings storage and water
management systems can generally be
categorised into one of the following.

Figure 4

An indicative tailings classification chart, proposed by Jewell and Fourie (2006)

Down valley discharge. This method
may require a cross valley embankment
to retain the toe of the tailings beach and
decant water. Tailings may be thickened
or unthickened. In the case of thickened
tailings, the configuration may result in a
tailings beach with an elevation greater
than the tailings retaining embankment.

particularly when the tailings are thickened
to a degree such that positive displacement
pumps are required.

Water recovery

A comparison of the quantities of tailings
bleed water resulting from typical
unthickened and thickened tailings disposal
schemes is shown in Table 1 (for tailings
with a specific gravity of 2.75 t/m3).
For this example, the quantity of tailings
bleed water immediately reporting to the
decant pond is in excess of 50 times greater
for the unthickened tailings in comparison
with the thickened tailings, and immediate
water recovery for the thickened scheme is
approximately twice that of the unthickened
scheme. This has significant implications
in respect of the design of the tailings
retaining embankment, and pumping costs
associated with recovery of process water.
The advantage of thickened tailings schemes
in areas where water recovery is of primary
importance is clearly highlighted, particularly
in consideration of arid areas where
evaporative losses from the impoundment
decant pond can be substantial.
It is further noted that long-term
consolidation of the tailings mass will alter
the ratios illustrated previously. However,
direct comparisons cannot be made, as the
consolidation characteristrics of thickened

Spigotted discharge from an
embankment crest. This method
encompasses:
• Cross valley embankments.
• Traditional paddock style cells.
• Side hill embankments.
With each type of system, depending
on design requirements, a decant pond
develops either at the centre of the
impounding cell, against one wall or, where
tailings are discharged from the crest of
a cross valley embankment, in a natural
tributary of the storage area. Decant water
is typically removed with either a dedicated
preinstalled decant tower or a floating
pump and pontoon.
A typical example of a spigotted tailings
disposal scheme in combination with a
traditional style paddock cell is shown in
Figure 5.

Description

Unit

Unthickened

Thickened

Water in unthickened tailings feed at
30% solids (w/w)

m3/t

2.333

2.333

Solids content after thickening (w/w)

%

30

65

Water in tailings slurry

m3/t

2.333

0.538

Water recovered at thickener

m3/t

0

1.795

Tailings initial settled density*

t/m3

1.15

1.15

Tailings bleed water

t/m3

1.827

0.033

Losses in TSF (assumed 50% of bleed)

m3/t

0.914

0.017

%

39.2

77.7

Total recovery

Table 1
A comparison of the quantities of tailings bleed water resulting from typical unthickened and
thickened tailings disposal schemes. * Initial settled density (ISD) has been assumed identical in each case,
however in practice there may be small variations between ISD for thickened and unthickened tailings
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Figure 5

Spigotted unthickened tailings scheme

A thickened tailings down valley discharge
scheme will ultimately result in an
embankment with a lower overall height
(and hence volume), compared with an
unthickened scheme, as a result of the
significantly increased beach slopes.
In this type of scheme, a decant pond
will develop at or near (depending on
surrounding geography) the retaining
embankment. Control of the decant pond
can be by open channel spillway, dedicated
decant structure, or pump and pontoon,
dependant on the water management
regime adopted at the site. Two examples of
down valley discharge are shown in Figures
6 and 7. The differences in water quantities
between the schemes are clearly illustrated.
Central thickened discharge. As the
name implies, tailings require thickening
to a high density, and they are pumped
to a central point where they are
subsequently discharged, and the tailings
flow to form a conical stack. A relatively
low perimeter wall contains the toe of
the tailings beach and directs the decant
runoff to a dedicated decant collection
system. One of the main advantages of
this type of scheme is the ability to locate
the facility on flat terrain with minimal
embankment volumes. The large tailings
area enables high densities to be achieved
as a result of evaporative drying of the
tailings (Williams et al., 2003). Figure 8 is
an example of central thickened discharge
in the Peak Gold mine central thickened
discharge tailings stack. This tailings and
water management scheme was featured
in the June 1995 issue of “Best Practice
Environmental Management in Mining”,
published by the Environment Protection
Agency (EPA).
In-pit disposal. Tailings are deposited
directly into decommissioned open cut
pits. Careful consideration of the rate of
consolidation of the tailings is required to
determine the rate of rise of the tailings,
and the period of time required (after

14
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completion of filling) before rehabilitation
of the tailings surface can occur.

Rehabilitation issues

Figure 6 Down valley disposal of thickened tailings,
Century Zinc mine, Queensland

“The final
arrangement should
be able to withstand
all manner of erosive
forces, earth quakes,
and floods without
detriment to the
integrity of the facility”

Another significant design aspect of tailings
management facilities are the requirements
for site rehabilitation. The regulations for
closure of tailings management facilities
vary. However, it is generally expected that
treatment of effluent will not be required,
and the facility be sufficiently robust to last,
without maintenance, into perpetuity. The
definition of perpetuity is intrinsically open
to interpretation, but the final arrangement
should be able to withstand all manner
of erosive forces, earthquakes, and floods
without detriment to the integrity of
the facility.
The proposed method of rehabilitation
needs to be determined at the design
phase, as this can impact upon the ultimate
design and method of tailings disposal for
the tailings management facility. Methods
of rehabilitation include water closure
(flooding the final tailings surface), and
various forms of capping, either with soils
or combinations of soil, gravel and clay. The
method chosen for rehabilitation will be
dependant on many factors, but principal
factors include:
• Type of environment, e.g. arid, tropical.
• The acid generating potential of the
tailings.
• Expected quantities of seepage.
• Downstream potable water supply.
• Availability of earth and rock materials
to facilitate closure.
• Type of tailings disposal method
employed.
As a very broad generalisation, water
closures may be employed where a highrainfall climate governs and unthickened
tailings have been deposited into an existing
valley. This configuration provides the best
opportunity to make available the necessary
security of water supply. Dry covers
constructed from earth and rock material
are often employed in arid regions and
where high density thickened tailings have

Tailings

Figure 7

Down valley disposal of low density tailings

been deposited in such a manner that the
elevation of the tailings mound exceeds the
crest elevation of the retaining structures.
An example of a water closure recently
completed on an abandoned tailings dam
in Victoria containing tailings of high acid
generating potential is shown in Figure 9.

Summary

Thickened tailings schemes have many
intrinsic benefits which vary from site to
site. However, thickening is not necessarily

Figure 8 Central thickened discharge tailings stack,
Peak Gold mine, New South Wales

appropriate, or the best solution, for each
and every site. The decision to adopt a
thickened or unthickened tailings scheme
will be based on consideration of geographic
constraints, climate, tailings properties,
upfront capital cost, ongoing running costs,
cost of water reclamation (or fresh water
makeup), and rehabilitation costs.
Phillip Soden,
Australian Tailings
Consultants

References

References available on request from the
ACG at acg@acg.uwa.edu.au

Figure 9 Rehabilitation of an abandoned tailings dam containing sulphidic tailings,
Benambra mine, Benambra,Victoria

APPLICATIONS FOR Claudette Mackay Lassonde Chair

Tailings —
From Concept to Closure
A training DVD for owners and
operators of tailings storage facilities
This training DVD will provide
guidance to personnel involved in the
management and operation of tailings
storage facilities that will facilitate the
adoption of accepted best practices for
the management of mine tailings.

acg.uwa.edu.au

The Department of Civil Engineering at the University of Toronto invites
applications for the Claudette Mackay Lassonde Chair in mineral engineering. This
appointment is a tenure stream position at the Associate or Full Professor level.
The start date is July 1, 2008.
The successful candidate will, within one year of appointment, assume the directorship
of the Lassonde Mineral Engineering Programme.
All interested parties should submit an application portfolio consisting of:
1. Curriculum Vitae, including publications and evidence of capacity and impact.
2. A description of research, teaching and professional interests.
3. A list of at least 4 professional and character references.
The portfolio must be submitted by email in pdf format to chair.civil@utoronto.ca and
also on paper to Professor Brenda Y. McCabe, Chair, Department of Civil Engineering,
University of Toronto, 35 St. George St., Room GB107, Toronto, Ontario,
Canada, M5S 1A4.
The review of applications will continue
until the position is filled
Further information on the Department of Civil Engineering can be found at
www.civil.engineering.utoronto.ca, while the Mineral Engineering web site is
www.mineralengineering.utoronto.ca. All qualified candidates are encouraged to
apply, however, Canadian citizens and permanent residents will be given priority.
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Ground Control Group
of Western Australia
News update

was attended by 18 people in the morning
session. The afternoon session was opened
up to those interested in geotechnical
issues. Several people from supply
companies and consultancies attended.
The meeting theme was shotcrete with
presenters from BOSFA, WASM, Barminco
and Adams Technology.
The next meeting will be held at Gold
Fields International’s Perth office on the
8 August 2008. The theme of this meeting
will be instrumentation and monitoring in
open pit and underground mines.
Anyone wishing to attend or looking for
further information, please contact
Richard Varden at rvarden@barrick.com
or Emma Kinnersly at Emma.Kinnersly@
goldfields.com.au

Université Laval, in collaboration with the Australian Centre for Geomechanics, and the University of the Witwatersrand,
is organising an

International Seminar on Strategic versus Tactical Approaches in Mining
from September 28th to October 1st 2008 in Quebec City, Canada.

Mining is a long-term business that requires extremely high levels of investment. It also presents significant risks related to
uncertainties, but potentially extraordinary financial rewards for shareholders, industry stakeholders and society. To maximise these
rewards over the lifetime of our precious (but limited) minerals assets, long-term planning processes must be implemented.
Seminar themes
Management of financial risks and mining project uncertainties
Modelling financial risk
Enabling technologies and R&D
Production strategies and mining considerations
Infrastructure
Geotechnical risk
Training and human resources challenges
Uncertainty in mine planning
Sustainable mining industry
Contact details
Further information can be obtained from Professor John Hadjigeorgiou at John.Hadjigeorgiou@gmn.ulaval.ca

www.StrategicMining2008.gmn.ulaval.ca
Principal Sponsor
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Major Sponsor:
Agnico Eagle Mines
Beck Arndt Engineering

Sponsor:
Vale INCO
Quebec Cartier Mining Company
Itasca Consulting Canada, Inc.
Centre for Excellence in Mining Innovation

strategicmining
Seminar

The Ground Control Group of Western
Australia (GCGWA) meets three
times a year as an independent and
impartial body enabling underground
and open pit geotechnical engineers
to meet, discuss and exchange ideas,
techniques and experiences in a technical
yet formal setting. The meetings also
provide a forum for attendees to discuss
ground conditions specific to their
own sites and to seek the opinions and
recommendations of others.
Mine training departments are
encouraged to view GCGWA membership
as a means of advancing staff development
through networking and interaction with
peers from other sites. The GCGWA had
a meeting on the 22 February 2008 which

international seminar
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News
The latest approaches to safe and economical management of rock dumps were the focus
of the First International Seminar on the Management of Rock Dumps, Stockpiles and Heap
Leach Pads hosted by the Australian Centre for Geomechanics in Perth in March 2008.
Almost 80 leading mine owners and operators, as well as academics, consultants and
researchers from around the world explored the significant developments in the design,
operation and management of these massive operations.
Although many other conferences deal with one or other issue relating to the
management of rock dumps, stockpiles and heap leach pads, this was the first international
seminar dedicated to exploring issues specifically relevant to these facilities.
The seminar was held over two days with more than 20 papers presented. These
technical papers demonstrated the advances being made in understanding the mechanics
of unsaturated moisture movement within these facilities, improved techniques for stability
evaluation, techniques to minimise contaminant releases, and workable approaches to
sustainable closure, amongst others.
The first keynote address was by Norwegian expert, Dr Nick Barton, and dealt with
the shear strength of rockfill, interfaces and rock joints, and the similarities in behavior of
these very different conditions. The second address was from Prof Dirk van Zyl from the
University of British Columbia describing an integrated approach to the design of heap
leach pads that accounts for unsaturated flow mechanisms.
The event was held with the generous support of the sponsors: Barrick Gold , Coffey
Mining, Geofabrics Australasia, Golder Associates, Global Synthetics, Landform Solutions
and SRK Consulting.

To order your copy of the Rock Dumps 2008 Seminar Proceedings
please contact neskudla@acg.uwa.edu.au

Proceedings of
Strategic versus
Tactical Seminar
2006

Environmental • Thickening • Surface disposal • Transport issues • Case studies

Paste 2008
Proceedings of the Eleventh International Seminar on
Paste and Thickened Tailings
5 - 9 May 2008, Kasane, Botswana
Strategic versus Tactical 2006 features
almost 40 papers that were presented
at the Second International Seminar on
Strategic versus Tactical Approaches in
Mining held in Perth, Western Australia.
This 600+ page folder presents the latest
worldwide research, technologies and
applications employed to address the
challenges of mining resources.
For a copy of this publication, please
contact the ACG at:

PO Box 3296 - Broadway
Nedlands, Western Australia, 6009
Phone: +61 8 6488 3300
Fax: +61 8 6488 1130
acginfo@acg.uwa.edu.au
www.acg.uwa.edu.au

These proceedings are a hard-bound, black and white
publication featuring 35 papers comprising 400 pages

www.acg.uwa.edu.au
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A taste
of Paste 2009
Thickened tailings deposit at Cobriza mine

Sergio Barrera gives us the low-down of what will be discussed at the
Twelfth International Seminar on Paste and Thickened Tailings in Chile
During the past few years and, particularly,
the last decade, studies on existing tailings
dam expansions as well as on new projects
in Chile and other mining countries have
almost always included paste and thickened
tailings technology. This, in general, is the
result of the combination of two or more
of the following factors:
1 Fresh water scarcity due to competition
with other economic activities such as
agriculture, for instance, or due to the
environmental impact of its extraction.
2 Increasing cost of fresh water required
to compensate for losses generated
during the tailings deposition process.
Additionally, other options, such as sea
water use, could be prohibitive depending
on the transport distance and differences
in elevation thus increasing even further
the cost of energy for its treatment.
3 Attractive potential reduction of costs
using thickened tailings as a consequence
of a more attractive deposition pattern
(usually associated with a reduction of
the dam size due to a steeper slope of
the tailings beach).
4 Attractive potential increase of a deposit
area capacity (existing or future) through
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tailings densification, increase of the
deposit slope and modification of the
disposal pattern.
The study of a tailings deposit
is multi-disciplinary by nature and
involves different engineering areas
such as geotechnical, hydraulics,
solid hydrotransport, mechanics, civil
engineering, electricity, instrumentation,
environmental, closure works, legal and
regulatory issues, etc. In the case of
thickened and paste tailings, the most
critical factors are focussed on the tailings
pulp (slurry) behaviour, the thickening
process, hydrotransport and disposal.
In practice, this has driven a deeper
analysis of the more critical aspects
associated with this new technology. The
analysis has relied on the following tests:
• Rheological laboratory tests.
• Rheological characterisation of the
tailings slurry for different levels of
solids contents and time passed after
thickening.
• Pilot plant tests.
• Thickener characterisation and analysis
of associated costs.
• Characterisation of tailings transport

and distribution systems. Analysis of
associated costs.
• Equipment availability for handling large
production levels.
This has been reflected in a growing
research effort on the tailings slurries
behaviour at different solids content levels,
particularly in reference to the possibility
of reducing water content of slurries
downstream of the concentration plant;
to the transport of the thickened slurry
(in aqueducts or pressurised pipes); to
the procedures used to impel this slurry
(centrifuge or volumetric pumps) and, finally,
to which slope and density the deposited
thickened tailings will reach. A lot of
progress has been made on some of these
issues (this has been the case of rheology)
but in other areas the advancement has
been rather modest, for instance, the
expected slope of the tailings beach.

Research focus

Studies developed in Chile, particularly
in large-scale mining operations, have
concluded that the paste tailings option
presents two main limitations: high cost
and absence of large capacity thickeners.
Taking into account that in Chile, sea water
is usually located less than 200 km from
the mine and that desalination techniques

Paste
are available, the alternative cost of water
supply is the reference cost for thickening
systems.
The results of these analyses and their
evaluation for the projects have allowed
us to identify a series of areas where
research should be focussed to make
this new technology more accessible and
competitive in the mining industry.
According to the aforementioned,
during the next seminar to be held in Viña
del Mar, Chile, we seek to address the
following issues that we consider of major
interest:
• Thickened and paste tailings deposits:
expected density and beach slope.
• Standardisation of the rheological
parameters: measurement
and interpretation.
• Design of large capacity equipment:
thickeners and pumps.
• Development of lower cost flocculants
or chemical compounds.
• Determination of the maximum solid
content level for centrifugal pumps.
• Complementary treatments and
operational procedures that enable the

appropriate control of thickened and
paste tailings disposal slope.
We also hope to gain knowledge from
the information at pilot plants (currently
under development) as well as the
industrial thickened and paste operating
plants. In our opinion, each tailings
deposit possesses unique characteristics
which makes the sharing of operational
information extremely valuable.

Ensuring sustainable development
Another issue of interest is the one related
to the practical limits of water recovery
in conventional tailings operations or,
in other words, the analysis of tailings
deposits considered as large thickeners. In
that case, we consider that an operation
is conventional when the tailings have
not been thickened or thickened in the
exit flow of the plant by a conventional
thickener, which means a thickener that
is not high compression or deep cone.
There is a large range of deposits, that
because of topographical and production
considerations, present high growth rates
and in which water recovery rate is as

high as that of a thickened tailings. In these
cases, the option of thickened tailings will
become attractive only after some years
of operation when the growth rate is
significantly reduced.
All the aforementioned emphasises
the wide range of studies and research
areas that should be undertaken to
provide support for the introduction
of improvements focussed on the
reduction of fresh water usage and energy
consumption with the final aim not only
to reduce costs but mainly to guarantee a
sustainable operation and development.
We look forward to seeing you in 2009
in Viña del Mar, Chile.

Sergio Barrera,
Arcadis Geotécnica

21 - 24 April 2009

Call for Papers
Paste and high density thickened tailings is now recognised as a consolidated technology
that has been gaining greater interest in the past few years. As a result, a number of
applications are being developed in different countries and at different scales for a very
broad range of mining operations. The new age of this emerging technology is accompanied
by numerous research and development efforts all aimed at more efficient environmental
management and, ultimately, a sustainable and safer mining environment.
The seminar theme is Water Conservation — Coping with Water Scarcity
Authors are invited to submit a 500-word abstract by 4 August 2008 to info@paste2009.
com. Abstract should include full information on the authors and their contact details.
Olga Cherepanova
Event Coordinator, PASTE 2009, Gecamin Ltd, Chile
Phone: (+56-2) 652 1519
Fax: (+56-2) 652 1570
E-mail: info@paste2009.com
www.paste2009.com

Papers are called in the following areas:
• Environmental drivers/legislation
• Economic issues
• Operational issues/tailings disposal
schemes
• Colloidal and water chemistry
• Solid-liquid separation/flocculants
• Transport and disposal of high density
thickened tailings
• Geotechnical characteristics
• Rheology
• Water balance and conservation
• Long-term geochemical behaviour
• Seismic loads and stability
• Case studies/lessons learned
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Maryna Mohr-Swart, Nicola King and Herman Cornelissen investigate the changing role of mining

Water treatment at
mine closure
Approximately 130 abstracts have been
submitted to the Third International
Seminar on Mine Closure organised by
the Australian Centre for Geomechanics
and the Centre for Land Rehabilitation
at the University of Western Australia, in
collaboration with the School of Animal,
Plant and Environmental Sciences at
the University of the Witwatersrand,
Johannesburg in South Africa.
The seminar will be hosted in
Johannesburg. This multi-disciplinary
event is bringing together industrialists,
scientists and engineers, practitioners
and economists from across the globe
in order to address environmental
issues, social development, financial
provisioning and responsible mine
closure – a visionary process that
must be incorporated into the entire
mine life-cycle – from exploration to
demolishment or revaluation.
See
http://mineclosure2008.org.za or
email: info.mineclosure@wits.ac.za

The fundamental importance of water to
organic life is well established. In the larger
context, water is also vitally important as
a cardinal component of ecosystems. In
water-stressed countries such as South
Africa, water and access to water suitable
for the intended use are also social issues
and a critical component to economic
growth.
Mining is an important sector within
the South African economy, directly
contributing about 8% of South Africa’s
gross domestic product and employing
about the same percentage of the total
active workforce in the country. Mining
is also a significant user of water. The
National Water Resource Strategy,
published by the Department of Water
Affairs and Forestry (DWAF) in 2005,
aggregates the consumption of water by
mines with that of industry and power
generation for a total of 11% of all available
water consumed in the country. Domestic
use and agriculture are the other main
users. In the social context of water use
in South Africa, where access to water
is protected as a constitutional right for
all, mining is, however, often seen to be
in competition with local communities
for access to the water. The equation is

Don’t
miss
this

Mine Closure 2008

Third International Seminar on Mine Closure

14 to 17 October 2008
Indaba Hotel, Johannesburg, South Africa
From Waste to Resource: Revaluation of Mining Operations,
Land and Residue Deposits in a Changing World
www.mineclosure2008.org.za
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not simple – without the mine, there will
be no jobs and no income, without the
community, no labour and social services.
Without water, there will be neither. Mines
in South Africa obtain their water either
from groundwater sources, supplying
themselves, or from a bulk water supplier.
Mine water systems are often arranged
as closed systems or semi-closed systems
only taking in “make-up water”, recycling
water where possible and discharging the
absolute minimum possible. In this context,
mines may be interdependent with the
community at inception stage already, using
their sewerage as process water, sharing
bulk water suppliers, or providing cleaned
water back to the local reticulation system.
In the past decade, while demand on
domestic, agricultural and industrial
water resources across South Africa
has increased, availability has been
compromised by the fact that some
potable water sources are threatened by
acid mine drainage (AMD).
The concept of closure planning on a
regional scale has been alluded to in the
regulations to the Mineral and Petroleum
Resources Development Act (2002)
although no specific enabling legislation is
currently in place. The concept is rooted
in the realisation that certain types of
mining operations have grown very large
and geographically extensive. Normally,
individual or case-by-case consideration
and management of each mine within such
an area would not consider the cumulative
impact of the operations on the area.
These operations may span such large
geographical areas and impact so widely
on the areas in which they occur that a
regional perspective is deemed appropriate.

Delivering significant social
benefits in South Africa
For much of South Africa’s history, mining
as an economic activity has been driven
by purely economic goals. Starting in the
1990s and gaining significant momentum
with the promulgation of the Mineral and
Petroleum Resources Development Act
in 2002, the role of mines in the macroeconomy of South Africa has changed.
The new act demands that mines address
social issues in the areas in which they
operate, by requiring social and labour

Environment
plans to mitigate the impacts of mine
downsizing and also to consider the needs
of the local community affected by the
mine during the time of its operation. In
addition, the concept of regional closure
strategies is embodied in the Act. This
basically entails that, due to the geology,
some mines may become functionally and
physically interconnected. It might very
well be impossible to take decisions on the
closure of any individual mine within such
a mining cluster. The concept of regional
closure strategies considers this and places
the onus on mines to take consideration
of their mine neighbours that have
similar impacts on the social and physical
environment at closure. Mines now not
only provide revenue to state coffers in the
form of taxes, but might get significantly
involved in local planning, delivery of
physical infrastructure, social development
programmes. In many contexts, mines
were historically seen as part of the
problem, but are taking pro-active steps to
be part of the solution.

Figure 1 A schematic representation of the WBEC
model. Source: WBEC, 2008

Opportunities for the mining
industry
Two case studies are described here
that have provided solutions to
dealing with water decant and water
contamination in mines that want to
cease pumping and apply for closure.
These studies indicate the potential
for success in meeting the demands
for water as it becomes increasingly
scarce while concurrently dealing with
mine closure concerns and regional
responsibilities.

Case study one: Western Basin
Environmental Corporation
Due to gold mining activities that
have spanned more than a century in
the Witwatersrand western basin, an
extraordinary and potentially threatening
environmental problem has emerged. The
scale of the problem is so extensive that
it has resulted in the establishment of a
forum that epitomises effective cooperative
governance between different mines and
mining companies in the region. Mines in
the region are currently discharging water
at an annualised average rate of
15 mega litres per day. This poses a
severe environmental threat, not only
to water resources and the fast-growing
domestic and commercial populations
that depend on them, but also to one of
the world’s most historically important
and environmentally sensitive sites, the
Sterkfontein Caves, as they may become
flooded (WBEC, 2008).

“In many contexts,
mines were historically
seen as part of the
problem, but are taking
pro-active steps to be
part of the solution”

In order to address this problem,
a Section 21 non-profit organisation
was jointly established by three mining
companies. The function of the Western
Basin Environmental Corporation (WBEC),
is to govern the process of environmental
water rehabilitation associated with AMD
and to investigate and develop sustainable
initiatives in close consultation with the
relevant government authorities. The
imperatives of the WBEC are to:
1. Rehabilitate the contaminated water
that is already decanting from the
underground voids of the Western Basin.
2. Minimise further contamination of
potable water sources.
3. Preserve the Sterkfontein Caves by
mitigating the risk of exposure to AMD.
4. Reduce off-take of potable water
sources by industrial users by making an
alternative available in its place.
5. Minimise the transmission of AMD to
sensitive downstream areas by reducing
the water level in the underground voids.
The WBEC has been granted the right to
register as a water services provider, which
entitles it to remove the water associated
with its own mines, treat it to a specified
quality and to ‘on-sell’ it to the industrial
market. To implement and manage this
self-sustaining process, the WBEC had
entered into a management agreement with
the Western Utilities Corporation (WUC)
which will construct a state-of-the-art water
treatment plant capable of processing
75 mega litres of AMD per day to industrial
water quality. Figure 1 provides a schematic
representation of the WBEC model.
The success and sustainability of this
solution rests on the plant’s ability to
produce water of a suitable quality at a
cost-effective price for on-selling to high
volume industrial users. This, in fact, has
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been positively considered as a viable
solution and other basins are following suit.

Case study two: Emalahleni

The Emalahleni Water Reclamation Project
is a public-private partnership that has
turned an environmental liability into
an opportunity. The local municipality
in the area, the eMalahleni Municipality,
draws water from the Witbank Dam,
located on the Olifants River. The dam
water is treated to a potable standard
and distributed to residential, commercial
and industrial users. Mines located in the
direct vicinity of Witbank are also supplied
with the potable water. Bulk water is
also supplied to other nearby towns. The
supply of water from the Olifants River, via
the Witbank Dam, to the municipality is
over-utilised and it is becoming increasingly
necessary to find an alternative source of
water supply (Gunter and May, 2006).
When coal mining started in the area
more than 100 years ago, mines were not
held responsible for their environmental
actions. Consequently, cumulative mining
impacts have resulted in the disturbance
of the natural water cycle, resulting in a
steady accumulation of water in the mine
workings through the interception of
ground and surface water. This water has
now become contaminated by contact with
the coal in the old underground workings
(typically rich in sulphates and
low in pH), which poses a threat
to the water scarce Olifants River
catchment. Decanting mine water
will have a negative effect on the
local surface water resources,
including the quality of water in the
Witbank Dam.
An initiative, by two coal mining
companies in the Olifants River
catchment, was started during 2002
to jointly develop and implement
water management strategies in
line with objectives currently being
set and implemented by the DWAF.
These include targets related to
in-stream flow requirements, dam
(storage) water quality, availability and
aquatic objectives.
As a result, the Emalahleni water
reclamation plant, a R300 million capital
project, was planned and built by two
mining companies. Both the capital and
operating costs are being funded by
these two mining companies. The primary
purpose of the project is to remove water
from the underground workings of four
different coal mines and to desalinate the
water to potable quality for supply to the
municipality’s final bulk water reservoirs.
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The fully operational plant will meet about
20% of the local authority’s daily water
requirements (Naidoo, 2007).
This project potentially provides a model
for solving regional water management issues
associated with mine closure plans. It is an
example of a partnership venture resulting
in a water supply agreement between the
mining companies and the local authority.

Lessons learned
The overall benefits arising out of these
two case studies potentially outweigh
the costs associated with finding these
solutions. The externalities related to
these mine water problems extend
beyond the mine gate and the propensity
for mines to now meet the demand of
tightening environmental legislation and be
accountable for historical social costs of
mining is potentially unfeasible. Solutions
such as those outlined in the case studies,
provide opportunities for mines to meet
closure requirements while at the same
time addressing the environmental threats
and meeting the demands for water supply
at an appropriate level of water quality.
These benefits include:
Collaboration and partnerships.
These initiatives have indicated that
competing mines can work together
to find solutions to national problems.

These collaborations have also extended
beyond the mines to government and
communities.
Environmental benefits. The
environmental costs resulting from water
pollution due to historical and current
mining are becoming increasingly large.
As a result, the government is becoming
the custodian of excessive environmental
liabilities. These case studies provide longterm solutions resulting in benefits to both
water sellers and water buyers.
Mines as suppliers of water. Typically
mines are users of water, but as mining
operations are becoming deeper, with
improved technologies, their roles are
changing to water providers as they
increasingly tap underground water flows.
Cost-effective solutions for mines
to obtain mine closure. The awarding
of mine closure certificates in South
Africa is becoming difficult, especially as
the environmental liabilities are becoming
complex and interconnected. Solutions such
as these meet environmental challenges
while also providing solutions that may
continue to be effective post-closure.
Government buy-in. Government
buy-in is critical to any solution related
to social externalities. These approaches
ensure the needs of the greater community,
represented by government, may also be
met through private-public partnerships
and communication.
Community or stakeholder buy-in.
Under the South African constitution,
actions taken that affect the greater
public good need to be undertaken in a
participatory and inclusive manner. The
national Water Act, Act No. 36 of 1998
(DWAF, 1998) also provides for the
equitable use of water for the benefit of
all. Solutions such as those proposed
provide for the broader communities
need for access to water for both basic
needs and productive uses.

Implications for future
sustainability in mining

“Mines have both
the means and the
opportunity to answer
to a fundamental need
in the community –
that of a secure
water supply”

There are many factors that warrant
consideration when a term as generic as
“sustainability” is applied to mining. From
a physical perspective and on a local scale,
mining is often touted as unsustainable.
As an economic activity, however, it could
be argued that there will always be some
form of mining, and that mining is therefore
sustainable.
As an aspect of mining sustainability in
the current South African context, the
social role of the mine is often that of
a conscientious, responsive provider of
communal services. The assurance of safe

Environment
water supply is a major role that mines
can play in their closure planning. The two
cases analysed here indicate ways in which
mines could play these roles. As a further
step, it is interesting to see where other
such ventures might occur in future.
Figure 2 illustrates the geology of five
estimated future growth commodities,
(coal, iron, chrome, platinum and gold) as
well as currently active mines, and overlays
this on catchments with a water deficit
in the north-eastern part of South Africa.
The deficits are from the National Water
Management Strategy, published by the
DWAF in 2004, and predicts water demand
due to population growth and mining
expansion. From the map, it becomes
evident that several catchments might see
similar operations to WBEC and Emalahleni
as a potential water management options
in future. The active coal mining cluster
in the Upper Olifants,Vaal Dam, Komati
and Upper Usutu catchments seem to
confirm the viability of the Emalahleni
project. The chrome and platinum mining
clusters in the Lower Crocodile, Elands,
Middle Olifants and Steelpoort catchments,
are also seemingly good candidates for
such water treatment schemes. The gold
and coal mining cluster within the Middle
Vaal-Renoster catchment might be another
viable area. Other catchments which are
not currently mined to the same extent,
but which warrant further investigation, are
the Buffalo, Upper Tugela, Mfolozi, Kraai and
the three Letaba catchment areas.
The root of this argument is that mines,
especially when clustered geographically,
have both the means and the opportunity
to answer to a fundamental need in the
community – that of a secure water supply.
Despite the apparent early success of
the WEBC and Emalahleni ventures, it is
not a foregone conclusion that all mines
which operate in geographical clusters
now or in future in South Africa will need
a common water treatment plant. There
are many other factors to consider and
which may make ventures such as these
implausible in a given area. Low natural
groundwater recharge rates, a low
population density or stagnant population
growth, the influence of dams and other
water supply alternatives, are but a few
major factors.

Conclusions

The concept of the mine as an agent of
implementation of communal infrastructure
for social and developmental goals can
be argued to be relevant for the current
epoch in South Africa’s development.
The examples of Emalahleni and WBEC

Figure 2 Overview of major South African mining areas for five major commodities, indicating water
management catchment in which water deficits occur. (Produced by Mandy Vickers, Mintek)

show that it is technically possible for
mines to cooperate to supply, treat and
distribute water for other purposes. These
ventures both required significant capital
investment and a significant factor in their
development was the availability of a
market to sell the treated water on.
It is perhaps too early to say whether
these ventures will be sustainable as forms
of economic enterprise. Regardless of the
answer to that question, these examples
show that, for the areas indicated, the
collaborative treatment of mine water in
clear consideration of community needs, is
a viable alternative to other types of mine
water treatment at closure.
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ACG Event Schedule*
Title

Place/Date

Blasting for Stable Slopes Course

Perth, 24 – 25 July 2008

From Rock mass to Rock Model Workshop

Perth, 15 September 2008

Petroleum Geomechanics in the Value Chain Short Course

Perth, 14 – 15 September 2008

First Southern Hemisphere International Rock Mechanics Symposium

Perth, 16 – 19 Sept. 2008

Materials Behaviour Under Extreme Conditions Short Course

Perth, 19 September 2008

UNDERGROUND MINING SHORT COURSE SERIES
Underground Blasting
(One-day Development Blasting, and one-day Stope Blasting)

Perth, 3 – 4 November 2008

Ground Support in Underground Mining

Perth, 5 – 7 November 2008

Tailings Management for Decision Makers

Perth, 3 – 4 December 2008

First International Seminar on Safe and Rapid Development Mining

Perth, 5 – 8 May 2009

Fourth International Seminar on Mine Closure

Perth, 7 – 11 September 2009

Second International Seminar on Block and Sublevel Caving

Perth, 12 – 14 May 2010

International Seminar on the Reduction of Risk in the Management of Mining Waste

Perth, 6 – 10 September 2010

* The ACG event schedule is subject to change. For event updates, please visit www.acg.uwa.edu.au/events_and_courses

ACG Corporate Membership
The Australian Centre for Geomechanics has a charter
to support the mining industry by way of applied
geomechanics research projects having a direct
practical application to industry and
through the provision of state-of-the-art
training and education.
By becoming an Affiliate Member you are
supporting the ACG to play a crucial role in
identifying and developing research initiatives,
training materials and professional education,
particularly as industy moves towards increasing
the number of larger open pit mines and deeper
underground mining operations.
Corporate Affiliate Membership Entitlements
• Up to 25% discount on registration fees for ACG symposiums, seminars, courses and
workshops
• Up to 10% discount on research reports and training materials
• Discounts on all ACG publications
• Invitation to contribute a technical article to the ACG newsletter that is distributed to more
than 5,000 local and international mining professionals
• Company name, logo and link on ACG website
• Promotional and advertising support through company name (or logo) appearance in
selected ACG educational and training promotional material, i.e. brochures, websites, PPT
presentations etc.
Contact the ACG for further details at acg@acg.uwa.edu.au

ACG Position Vacancy
ACG Principal – Environmental
Geomechanics
The ACG, University of Western Australia invites
expressions of interest for the position of
ACG Principal - Environmental Geomechanics
(Professorial Fellow).This appointment is a fulltime position based at the ACG, University of
Western Australia, Perth,Western Australia.
The position is responsible for the
development and maintenance of Australian
mining research projects in environmental
geomechanics, mine backfill, paste and
thickened tailings, soil mechanics, mine closure
and rehabilitation, and tailings management
and decommissioning. The appointee
is expected to collaborate with industry,
private consulting firms, universities and
other research organisations. The successful
applicant is to initiate, develop and lead
environmental geomechanics international
mining symposiums and events, training
products, and publications. He/she is expected
to have a PhD in geomechanics or equivalent,
an extensive publication list in environmental
geomechanics, and a proven track record for
attracting funding for research.
Please contact the ACG via
acg@acg.uwa.edu.au for further
details. All qualified candidates
are encouraged to apply.

Australian Centre for Geomechanics PO Box 3296 – Broadway, Nedlands, Western Australia, AUSTRALIA 6009
Ph + 61 8 6488 3300 Fax +61 8 6488 1130 acginfo@acg.uwa.edu.au www.acg.uwa.edu.au
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