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The strategy is the destination
whilst the tactic is how you get
there

writes Yves Potvin, Australian Centre for Geomechanics, Australia

Mining is a highly strategic business.
Starting a new mining project is generally
investment intensive (could reach $b), the
lead time to bring a prospective ore deposit
under production is lengthy (often several
years), and its potential for creating value is
highly dependent on several unknown and
uncontrollable factors such as the world
economy and future prices of commodities.
The risks of achieving a poor outcome is real
but on the other hand, the reward can be
outstanding provided that the strategy is right.
At the very First International Seminar on
Strategic versus Tactical Approaches in Mining
held in South Africa in September 2005, Clem
Sunter, the chair of the Anglo American’s Fund
at the time, provided the opening keynote
address and detailed the five main items on

which companies, in his view, should base
their strategy.
The first item is the scope of the company.
The scope is “pure strategy” and it can be
sub-divided into four main components:
»» Product range: define the optimum
portfolio of resources the company wants.
The strategy can focus on one or few
commodities and rely on highly specialised
core business expertise, or on a diverse
portfolio to balance the highs and lows of
different commodity prices.
»» Product chain: how far down the
refinement chain does the company wish
to carry its products? The core business
competency must be tailored to its chain of
products.
Continued page 2

The second item is “the players” - the
players that are with your team, against
your team and neutral. It is particularly
important to know the strengths and
weaknesses of your team and the
opposition.
The third item is “the rules of the game”.
A company will have to comply with
different rules in different countries. For
example, the retention of the license to
operate in a country will depend largely on
environmental or safety performance and
the compliance of the company with those
rules. There is a wide range of tolerance to
risks, fatalities and environmental impacts
from different countries.
In addition to the set rules, there are also
many other rules by which the game can be
played, but the strategy must focus on just
these few key rules that are essential to
winning the game. For example, successful
mining companies must have good ore
deposits. This is just one example of a key
rule that the strategy must address when
operating in the mining business.
The fourth item of a strategy is to
account for external pressure and
capture opportunities. Factors that drive
commodity prices up or down must be
well understood and analysed. World
events, war, natural disasters, cost of energy,
etc., can have a large impact on establishing
a strategy.
The fifth item is to tailor the strategy
to account for the fluctuation in the
“competitiveness/market” context. If the
company’s competitiveness is increasing at
a time where the market is growing, then
the strategy must be directed towards
fast growth. If the competitiveness is
declining as the market is also declining,
then the strategy must be geared towards
a defensive/survival mode. If either the
competitiveness or the market is up whilst
the other is down, then the strategy may
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»» Geographical footprint: the decision as
to where in the world the company will
invest is often a result of the risk/reward
strategy adopted.
»» Market segment: choosing the product
is also selecting the customer as many
commodities have very strong market
preferences, e.g. iron ore and China.

Mine strategy is generally about maximising the value of the assests

be, for example, to grow cautiously.
Subsequently, the tactics that will allow
the realisation of the strategy, whilst
providing capability to react to new
situations, can be established.
These are indeed the very high level
strategies and tactics that are owned by
the governance of the mining businesses.
Looking at the level of individual mines,
the company’s strategy must be able to
cascade down to the mine strategy. The
mine strategy is generally about maximising
the value of the assets, which in this case
consists of exploiting one or several
orebodies.
For outside observers, many mine
management actions often do not appear
to be well aligned with long term strategy.
Perhaps the first and foremost disconnect
commonly observed at mine sites between
the strategy of maximising the assets’ value
and the actions taken by management is
due to the short term focus driving many
of the site’s behaviours and decisions.
Common leading KPIs at mine sites are the
quantities of minerals extracted (ounces,
pounds, tons) on a monthly and annual
basis. Such KPIs, in combination with the
rapid turnover of managerial personnel at

mine sites, provide a strong incentive to
ignore the long term value adding options
in favour of short term gains. Examples of
this are easy to find in underground mines.
Who hasn’t witnessed a sudden change in
the mining sequence where an “easy” stope
is taken ahead of schedule, to compensate
for the immediate production loss from
geotechnical difficulties encountered in a
particular area of the mine?
Another common KPI which is not
conducive to maximising the value of
assets, if implemented within a short term
gain approach, is the unit cost of producing
the ore. The incentive to cut costs for the
sake of meeting a short term KPI may have
a significant long term value reduction
effect. There are numerous common costcutting examples in underground mines,
where expenses such as the purchase of
new equipment is delayed, development
mining of an area is deferred, hiring of
personnel is cancelled and stope filling is
delayed, etc. However, the real long term
impact of these short term driven actions
often destroys the value of the project
several months or years later.
The mine site strategy is generally
implemented through the long term

© Copyright 2011. Australian Centre for Geomechanics (ACG), The University of Western Australia (UWA). All rights reserved. No part of this newsletter
may be reproduced, stored or transmitted in any form without the prior written permission of the Australian Centre for Geomechanics, The University of
Western Australia.
The information contained in this newsletter is for general educational and informative purposes only. Except to the extent required by law, UWA and the
ACG make no representations or warranties express or implied as to the accuracy, reliability or completeness of the information contained therein.
To the extent permitted by law, UWA and the ACG exclude all liability for loss or damage of any kind at all (including indirect or consequential loss or
damage) arising from the information in this newsletter or use of such information.You acknowledge that the information provided in this newsletter is
to assist you with undertaking your own enquiries and analyses and that you should seek independent professional advice before acting in reliance on the
information contained therein.

2

Australian Centre for Geomechanics • July 2011 Newsletter

Strategic versus tactical
planning of a mine, which often involves a
rolling five year plan, where the reserves
are renewed in blocks, in a systematic
and optimum fashion. For many smaller
companies and mines, the resources are
often not well defined or planned ahead,
and they are progressively transformed into
reserves as mining progresses. The mine
is then continuously operated in a short
mine-life focus, where little or no dedicated
effort is invested in long term planning.
This translates into a lack of site strategy
and the incomplete realisation asset
values. Examples of this could be found in
mines that can never justify infrastructure
improvements such as a second decline,
a shaft, a fill plant etc., because the
continuously renewed two years remaining
mine-life is insufficient to justify new
investments. It is not uncommon to visit
mines that have been operating on a two
year mine-life, for a 10 year period.
A strong geomechanics input into long
term planning is essential as the major
risk of not achieving the plan is, in most
cases, related to the mismanagement of
geomechanics hazards. The management
of geomechanics hazards, whether it is
high stress and seismicity or uncontrolled
caving and excessive rehabilitation work,
is best addressed pro-actively, with the
selection of an appropriate mining method,
a mining sequence that minimises high
induced stresses, and stope dimensions
that will remain stable. Other essential
geomechanics issues that require proactive management to achieve the long
term plan and strategy are the adequate

filling of stopes and ensuring orepass
stability. The implementation of a mining
method, a mining sequence, stope
dimensions, filling requirement and orepass
stability that suit the conditions requires
a long lead time and cannot be changed
easily, once the infrastructure is in place.
Hence, the importance of optimising these
geomechanics components of mine design
in the first instance is vital. Therefore, part
of the strategy must include the provision
to enable sufficient up-front geomechanics
investigations to obtain data of adequate
quality and quantity, which are essential
to produce robust designs that mitigate
geomechanics risks.
Despite best effort in achieving low risk
designs, there are a number of unknowns
and uncertainty inherent to most mining
conditions and, as such, a number of
tactical solutions will often need to be
implemented during the course of mining;
to react to unforeseen situations. Having
an adequate monitoring programme can
provide some early warnings which may
allow for the timely implementation of
corrective actions. Tactical responses
can therefore be assisted with a proper
monitoring strategy. Improving ground
support is perhaps the most common
tactical response to geomechanics hazards.
In concluding this short overview
of strategic and tactical approaches, it
is critical to mention that one of the
underlying strategic issues that affects
all aspects of the industry is people and,
more specifically, for the last decade
or so, the shortage of skilled people. In

a keynote presented at The AusIMM’s
Underground Operators’ Conference held
in March in Canberra, Ian Smith, CEO and
managing director of Newcrest Ltd at the
time, showed that although Australia will
produce 1,200 mining engineers over the
next five years, this will leave a shortfall
of 1,700 mining engineers during the
same period. This is notwithstanding the
other skilled positions that will also be in
high demand and required to successfully
exploit the minerals assets of this country.
Given the incredible boom that the
mining industry has enjoyed for more
than five years, and the need for Australia
to build its future based on its current
minerals assets, it is difficult to imagine
that there are topics more important
to explore at the present time than the
strategic and tactical approaches to mining.
The Australian Centre for Geomechanics
is organising the fourth in a very successful
series of International Seminars on
Strategic versus Tactical Approaches in
Mining, to be held in Perth, in November
2011.

Yves Potvin,
Australian Centre for
Geomechanics,
Australia

ACG Seventh International Conference on Mine Closure
24‒28 September 2012 | Brisbane | Australia
The series of International Conferences on Mine Closure was initiated in 2006 by the Australian Centre for Geomechanics.
The conference series is a well recognised international forum that puts technical excellence first. These events provide
industry professionals committed to responsible and sustainable mining with a unique opportunity to interact with their
counterparts from different countries, and share ideas and experiences on innovations related to mine closure design,
planning and operation.

Conference Co-chair
Professor Mark Tibbett
Chair of Soil Ecology
Cranfield University, UK

Conference Co-chair
Winthrop Professor Andy Fourie
School of Civil and Resource Engineering
The University of Western Australia, Australia

Mine Closure 2012 key dates
23 January 2012

Abstract submission

19 March 2012

Paper submission

Fully Subscribed
6th International Conference
on Mine Closure
18-21 September 2011
Lake Louise, Alberta

www.mineclosure2012.com
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Control and measurement
of shotcrete thickness using
modern technology
There is currently no system designed specifically to measure real-time accurate thickness of
shotcrete in an underground mining environment write Alby Loncaric, Craig Delaney and Uday Singh,
Stratacrete Pty Ltd, Australia

Introduction
The Australian mining industry uses
approximately 500,000 m³ of shotcrete
for ground support per year at a cost
of approximately 12–15% of the total
development cost. Shotcrete thickness
is a key parameter for ensuring that the
lining will meet design specifications and
also for controlling usage and cost. The
minimum thickness is usually specified
and measured as part of the mine quality
assurance programme. This generally
involves using a depth indicator, depth
stamp on the wet shotcrete, or drilling
and measuring thickness at selected points.
These methods collect point data and
do not allow for detailed measurements
of thickness across the full profile. This
edited article presents and discusses
trials conducted for measuring shotcrete
thickness using depth indicators, laser
scanners and photogrammetry. The trials
demonstrate the benefits of using laser
scanning and photogrammetric techniques
for obtaining detailed rock profiles and
shotcrete thickness profiles. Laser scanning
techniques can also be aligned with the
mine survey grid enabling rapid and
accurate survey of development headings
as part of the shotcrete quality assurance
and quality control (QA/QC) function.
Rationale for thickness control

to conduct on a daily basis. The key factors
are:
»» Overbreak of the tunnel profile.
»» Roughness of the blasted profile.
»» Rebound and fall off.
»» Overspray and overlap.
»» Applied shotcrete thickness.
All these factors can also vary on a daily
basis depending on a range of influences
like rock mass conditions, drill and blast
performance, application technique, mine
air pressure, variations in mix temperature,
moisture etc.
Although excessive thickness is just one
component of shotcrete wastage that
occurs on a site, it can be quite significant
if it is a regular occurrence. Figure 1 shows
a typical scenario of 5 x 5 m heading which
is designed for 50 mm shotcrete applied to
3.5 m from the floor. Allowance is made for
overbreak, roughness, overlap and rebound
to provide a realistic consumption per
metre advance. The graph shows a trend in
consumption and cost. Just 10 mm increase
in thickness can lead to 20% increase in
shotcrete cost.
This relationship is quite obvious
and well understood, but is commonly
overlooked for business improvement as
there are very few tools for controlling

thickness. The depth indictor is the only
proactive tool that is commercially available
at the moment.
Conventional thickness measurement
All mines that use shotcrete have a
specification for the minimum thickness
required. This is usually verified using a
variety of methods, the most common are:
»» Depth stamp.
»» Probe drilling and measurement.
»» Depth indicators.
All of these techniques are applied on
selected points along the tunnel profile and
are inadequate for measuring the tunnel
profile, the shotcrete profile and volume
of shotcrete applied. A measuring system
which can measure the tunnel profile and
the sprayed shotcrete profile on a daily
basis would provide detailed data which
would fulfil QA/QC requirements for
measuring thickness and also reconcile
shotcrete consumption against local
conditions. It could also reduce the
frequency at which surveyors are required
to pick up a heading.

Trials of thickness and profile
measuring techniques
Trials were conducted at Ridgeway Mine
using depth indicators, laser scanners and
photogrammetry to control and measure
shotcrete thickness. Ridgeway Mine is a
Newcrest Operation located at Cadia
Valley, some 39 km south of Orange, in
New South Wales, Australia.
Method
The scanning technologies selected for
trial and evaluation were laser scanning and
photogrammetry. Both these techniques
enable detailed profiling of the tunnel
before and after shotcrete application.

Shotcrete is reasonably expensive at an
industry cost of between A$650–750 per
cubic metre applied. The product is usually
sprayed to a minimum thickness specified
by the mine. Most contracts and QA/QC
systems focus on achieving the minimum
thickness. Although mines are aware of the
cost of excess shotcrete consumption, it
is generally too difficult to measure and
quantify on a routine basis.
One of the reasons for this difficulty
is that there are a lot of factors that
influence the amount of shotcrete used
and quantifying these factors requires
detailed measurements which are difficult
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Figure 1 Impact of increase in shotcrete thickness for a nominal 5 x 5 m heading with 50 mm
shotcrete to 3.5 m from the floor

Underground
This can allow calculation of usage factors
such as overbreak, roughness, overspray
and thickness. It can also provide accurate
profiles of the tunnel and link these to the
mine grid coordinates, effectively surveying
each face before shotcreteing.
The trials involved two types of scanners
and photogrammetry for measuring the
scaled rock surface in three adjacent
development headings. A typical scan is
depicted in Figure 2. Scans were taken
before and after shotcrete application. One
heading also had depth indicators installed
for comparison.
Results
Figure 3 is an enlargement showing a
summary of the results of all post spray
measurements compared to the laser
scanners pre spray profile. It can be seen
that the scanner line is very detailed as was
the section line of the photogrammetry
data. The blocky appearance of the
rangefinder section line is a result of the
poor point density of the rangefinder.
The reason for the separation of the
photogrammetry data and the laser
scanner data is that two different survey
methods were used to orientate the two
systems.

Laser scanning
Positives
The laser scanner provided high density
data cloud which produced a very detailed
digital terrain model which could be used
for geological and geotechnical mapping .
The scan is very accurate and can easily be
geo-referenced using known survey control
points. Data capture is very rapid with the
scanner, with set up and referencing taking
less than 10 minutes.
Negatives
The unit is quite expensive at a cost
of more than $200,000. The unit is not
designed for underground use and is
less robust than standard mine surveying
equipment. The system is also technically
complex and requires expertise to operate
correctly.

accuracy is influenced by the number of
control points used, the spread of the
controls over the photographed area
and the calibration of the lens. The image
and post processing software allows for
detailed and semi-automated mapping of
geological and geotechnical features.
Negatives
The digital photogrammetry works best
if considerable care is taken in setting up
targets and in the photography. The area
also has to be well lit, requiring additional
lighting arrangements. The data cannot
be processed in real-time and requires
considerable post processing, especially

Digital terrestrial photogrammetry
Positives
The digital terrestrial photogrammetry
is the least expensive and most robust
of the systems as it involves the use of a
digital camera which is relatively cheap. The
photogrammetry provides medium density
data points with reasonable accuracy. The

ACG Seventh International
Symposium on Ground
Support in Mining and
Underground Construction
Australia | 2013
Following on from previous symposia
held in Sweden, 1983; Canada,
1992; Norway, 1997; Australia, 1999;
Australia, 2004; and South Africa in
2008, the ACG is delighted to advise
that we are hosting the Seventh
International Symposium on Ground
Support in Mining and Underground
Construction in Australia in 2013.

Figure 2 Laser scan taken underground using a high resolution scanner (Hi-tech Metrology, 2009)

Figure 3 Enlarged section showing variation between the three different profile measurement techniques

Ground Support 2013 will provide
a forum for local and international
mining and engineering professionals
to exchange experiences and lessons
learnt in the areas of rock support
and reinforcement, including mining
and civil engineering applications.
This symposium will bring together
the top academics, operators and
technology developers to share
information
about
innovative
ground support strategies, processes
and products to help maintain a
competitive advantage.

www.groundsupport2013.com
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if the image is to be registered to mine
coordinates.
Angle sensing rangefinder
Positives
The software is designed to measure the
profile and compare the thickness of the
shotcrete to design. The measurements and
processing occurs in real-time and the data
including a map of the thickness variations
can be viewed at the shotcrete site (Figure
4). The rangefinder also has the facility to
“point” to areas on the tunnel which have
been identified on screen.
Negatives
The system is moderately expensive at
approximately $80,000. The point density is
quite low and as such, the repeatability and
accuracy before and after spraying is also
low. The data capture is also slower than
for a phase shift laser scanner.
Depth indicator
Positives
The only technology which enables the
nozzle operator to control shotcrete
thickness during application is the SDI. The
system is easy to use and would take a
competent operator less than half an hour
to be trained in its use. It provides the user
with a gauge for identifying the correct
thickness while spraying. It also provides
the mine with a quality assurance system as
the yellow tips are visible after the cones
are knocked off in the next mine blast.
Negatives

Figure 4 Screen capture of the Bever Control System showing a contour map of shotcrete thickness (Haukaas,
2009). Red is above and blue is below design thickness

underground mines. At the time of writing
it is understood that a phase shift scanner
style measuring head is being developed by
the manufacturers to increase resolution.
This profiler is purpose built for the nozzle
operator to use and has a useful feature
whereby it can point to the surface where
thickness is low, thus enabling the operator
to correct deficiencies while spraying.
Both the laser scanner and
photogrammetry provided good quality
data reasonably efficiently, considering
neither instrument is designed to measure
the thickness of shotcrete underground.
The time spent post processing the data
was too long and therefore neither system
proved suitable for real-time measurement.

Installing the depth indicator requires
the skill of a competent nozzle operator in
operating the robotic arm. The indicators
take approximately 30–60 seconds
to install using the current prototype,
SDIR Mark 1. Putting up 15 indicators
per heading takes approximately 10–15
minutes. The glue for the depth indicators
does not stick well to rock which is very
wet or has running water flowing over it.
The depth gauges are point data for the
operator and do not provide a profile
which can be used for reconciliation.

There is currently no system designed
specifically to measure real-time accurate
thickness of shotcrete in an underground
mining environment. Technology exists to
measure real-time thickness, although not
very accurately. Technology also exists to
measure the thickness very accurately,
although not in real-time. It is only a matter
of time before these technologies meet.

Conclusion

Acknowledgements

Although the angle sensing rangefinder is
currently being used in civil tunnelling for
real-time shotcrete thickness measuring,
the irregular profile found in mines and the
low point density of the data means that
the thickness measurement can have an
error of +/- 10 mm which is not ideal for
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The depth indicator is the only system
currently in use which provides the nozzle
operator with a means of estimating the
required thickness while spraying.

This edited article uses data from
previous papers presented by Loncaric
(2009, 2010). The authors acknowledge the
support provided by Newcrest Mining Ltd
in shotcrete research. We also acknowledge
the efforts of personnel at Ridgeway Mine,

especially J. Emmi and J. Lett. and staff
from Stratacrete, Australia. The surveying
expertise provided by A. Loomes of
Underground Survey Services Pty Ltd,
Australia is also gratefully acknowledged.
The full article, including references, is available from
the ACG.

Alby Loncaric,
Stratacrate Pty Ltd,
Australia

Uday Singh,
Stratacrete Pty Ltd,
Australia

PhD profile
“Observations and analysis of incidences
of rockburst damage in underground
mines”
The ACG team congratulates Dan Heal on achieving his degree of Doctor of Philosophy of Civil and Resource Engineering,The University
of Western Australia, School of Civil and Resource Engineering in 2010. Overseen by supervisor Winthrop Professor Yves Potvin, Dan
successfully submitted his thesis entitled, Observations and analysis of incidences of rockburst damage in underground mines.

Defining the rockburst
problem
Despite years of research dedicated
to mining induced seismicity and
rockbursting, management of the problem
remains critical to the viability of many
mining operations around the world.
As near surface mineral resources are
exhausted and the trend towards deep
underground mines in highly stressed
conditions increases, often with high rates
of production, mining induced seismicity
will continue to be a key consideration
for the industry. Higher commodity prices
in recent years has meant that economic
constraints to deep mining such as haulage
and ventilation have been overcome,
allowing deep mining methods to become
feasible for many orebodies when
previously they were not. Whilst these
economic constraints have been overcome,
this has also presented a new set of rock
mechanics problems with mining induced
seismicity and rockbursting at the forefront.
These phenomena have long caused
problems in major mining camps around
the world. In Australia, mining induced
seismicity and rockbursts have been
reported for nearly a century.

The effect of rockbursts on
safety and production
There are numerous additional
geotechnical considerations for an
underground mine which is seismically
active and experiences rockburst damage.
The effects of mine seismicity range
from minor production disruptions
due to the need to restrict access to
certain areas of the mine to, in extreme
cases, mine closure. A mine in which the
risks associated with mining induced
seismicity are not adequately managed may
experience workforce injuries and fatalities,

sterilisation of ore reserves, significant
production down time, the need for costly
rehabilitation work following rockburst
damage, damage to mine infrastructure and
equipment, loss of workforce morale, loss
of shareholder confidence and industrial
action.
Prior to 2006, although there had been
large seismic events recorded at several
underground mines, there had been no
fatalities associated with mining induced
seismicity in Australia since 2000 (DOCEP,
2006b). This could be attributed to a better
understanding and awareness of mining
induced seismicity within the Australian
mining industry. Despite this, there remains
much that is unknown within the topic. This
was recognised as recently as 1990 when
Brady suggested that “the pervasiveness
of rockbursts suggests that they remain
the major unresolved ground control
problem in underground mining”. Despite
a number of research initiatives completed
and underway in Australia since then, the
problem is still not widely understood.

Current state of understanding
of the rockburst problem
In recent years the focus of mine
seismicity and rockburst research in
Australia has been on risk management.
The ACG launched the Mine Seismicity
and Rockburst Risk Management (MSRRM)
project in 2000, of which this thesis is
part, with the aim of better defining the

nature and extent of the problem and, by
developing risk analysis tools, to quantify
the hazards associated with rockbursts
and mine seismicity (Potvin et al., 2000).
This is due in part to the realisation that,
given the right set of conditions, seismic
events and rockbursts will inevitably
occur in mines. Such events cannot be
reliably predicted, therefore the best
approach is to understand the problem
as well as possible through monitoring,
then circumvent the risk associated with
mining induced seismicity and rockbursting
by making changes at the planning stage
or by managing the risk tactically as
mining progresses. In the last decade, the
proliferation of microseismic monitoring
equipment in Australian mines has provided
an extraordinary opportunity to study the
rockburst phenomenon in local mining
conditions.
The current state of understanding
or recognition in Western Australia is
reflected in mining industry codes of
practice. Audit tools and guidelines for the
Western Australian Mines Safety Inspection
Act contain several references to mining
induced seismicity and rockbursting
(DOCEP, 2006a).
A more obvious indicator of at least
how seriously the issue is taken in
Australia is the number of mine-wide
seismic monitoring systems installed at
mines (Figure 1). There has been a steady
increase in the number of systems, due

Number of Minewide Seismic Monitoring Systems in Australia
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Dan joined the ACG in 2003 to work
on and eventually lead our premier Mine
Seismicity and Rockburst Risk Management
Project. Dan is currently the technical
services manager at BHP Billiton Nickel
West Leinster.
The following text has been edited and
reproduced from Dan’s thesis.
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Figure 1 The number of mine-wide seismic monitoring systems installed in Australian mines
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Rockburst
Case Histories
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This thesis

In Situ Testing

Laboratory Testing

Numerical Modelling

Amount of data available

Figure 2 Data available to study the rockburst phenomenon

to several factors – increasing numbers
of mines as metal prices have increased,
deepening of existing mines as near surface
resources are exhausted, and the increasing
awareness brought about by widespread
publication of research material.
Some of the more recent research work
has focussed on the relationship between
the generation of seismic events and
output from numerical modelling. Much
of this work has focussed on the use of
seismic data in the calibration of mine
wide numerical models (Beck et al., 2006;
Diederichs et al., 2002; Wiles et al., 2000).
Ultimately, the interaction between
seismically induced ground motion and a
structurally intricate and compositionally
heterogeneous rockmass is extremely
complicated. As such, the problem may
lend itself to an empirical or probabilistic
approach, which accounts for excavation
specific factors.

Research significance and
originality
In his illustrative study of rockbursts,
Ortlepp (1997) wrote:
“It is the author’s belief that an important
first step towards the understanding of
rockbursts is to preserve a dichotomy
that distinguishes two related, but often

separate, aspects of the problem: that
which concerns the source mechanisms
and that which deals with the mechanism
of damage. Broadly, the first part can be
seen as the cause and the second part as
the effect.”
Much of the research into mine
seismicity and rockbursting has focussed
on the source of the seismic events or the
mode of rockmass failure that occurred
to generate the seismic event (the cause).
Although much has been written describing
different forms of rockburst damage
(the effect), little work has been done
to establish the link between the source
and damage to the excavation. This thesis
aims to fill the gaps in existing knowledge
by amassing the largest known original
database of high quality rockburst damage
case histories, carrying out an exhaustive
analysis on the data and then building an
empirical and probabilistic based approach
to defining the likely level of rockburst
damage due to a seismic event. A practical
outcome of this thesis is that the system
developed has been incorporated into
existing software and can be easily
applied on a mine-wide scale to provide
quantitative risk assessment at any point
in a mine with seismic system coverage,
in real time. The software in question is
currently in use at about 15 seismically

active mines in Australia, Chile, Sweden and
Canada, all of which now have access to
the risk assessment techniques detailed in
this thesis.
A further aspect of this thesis is an
experimental component focussing on the
in-situ performance of ground support
systems under dynamic loading conditions
by simulating rockburst damage using
blasting. Whilst this approach employed
for testing ground support in-situ has been
attempted previously, never before has it
been applied successfully as many times
using a repeatable and reliable testing
technique. There is no widely accepted
technique for the design and selection
of ground support for dynamic loading
conditions. The results of the simulated
rockburst testing carried out as part of
this research have been presented in a
format in this thesis which can be used to
aid in this process. This thesis focuses on
the role of ground support, since changing
or upgrading ground support is the most
obvious and common tactical approach
employed at underground mines to
mitigate seismic risk.
The quality and amount of data available
to study the rockburst phenomenon is
illustrated in the chart in Figure 2. This
thesis aims to increase the amount of data
at the top of the pyramid, which can be
classed as very high quality but of which
there is little available. In the case of
ground support, this thesis will make use
of the top two categories of the pyramid,
both case histories and in-situ testing.
Please contact the ACG for information regarding
Dr Heal’s thesis and article references.

Congratulations!
Dr Dan Heal,
BHP Billiton Nickel West,
Australia

We need you!
ACG Postgraduate Students Required
A successful Australian mining industry requires a
healthy supply of incoming talented geomechanics
students and professionals. If you are considering
formalising your work experience and expanding
your career options, the ACG has a groundbreaking
opportunity for you. Applications are invited from
permanent Australian residents for PhD studies in
mining rock mechanics.
More from acg@acg.uwa.edu.au
Shake up your career with postgraduate studies in mining rock mechanics
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Mine fill
A brief account relating to
current mine fill practice
by Ed Thomas, mine fill specialist consultant, Australia

Removal of any worthwhile commodity
such as ore, coal, non-metallics, gems, etc.
from an underground mine creates a void
which may be small, measured in units or
tens of cubic metres, ranging up to large
or even immense (in the underground
mining context), measured in hundreds
and occasionally, in the mines where
the big boys play, in thousands of cubic
metres. Current standard underground
mining practice frequently involves filling
such voids with some, or even all, the
waste resulting from the processing of the
material removed in the production of such
commodities.
The question is often asked - when did
mine filling begin? One author wrote in
the proceedings of the 7th International
Symposium on Mining with Backfill, held in
Seattle in 2001, that mine fill systems have
been used for as long as mining activities
have existed. In the most recent SME
“Handbook on Mining” it is stated that
underground mining involving the use of
fill is authenticated as far back as 2000
BC. In the modern era, the beginning is
often quoted as occurring in the coal mines
of Pennsylvania; circa 1860. Fill practice
closely akin to current fill practice was
certainly being employed widely during
the early years of the 20th century. The
launch of the technology of mine filling as
we now know it can be attributed largely
to the USBM team in Spokane, Washington,
in their excellent series of reports of
investigations and information circulars,
published in the 1960s.
A comprehensive body of refereed
literature on mine fill is available in the
published proceedings of the Mine Fill
Symposia series.
1. 1973 Mount Isa, Australia
2. 1978 Sudbury, Canada
3. 1983 Lulea, Sweden
4. 1989 Montreal, Canada
5. 1993 Johannesburg, South Africa
6. 1998 Brisbane, Australia
7. 2001 Seattle, USA
8. 2004 Beijing, China
9. 2007 Montreal, Canada
10. 2011 Cape Town, South Africa
The readily available published
proceedings of these ten symposia include
circa 440 refereed technical papers, with
circa 3550 cited references. In addition to

reference material published in professional
journals, further information is available
from:
»» “Fill Technology in Underground
Metalliferous Mines” by E.G. Thomas,
J.H. Nantel and K.R. Notley, 1979,
International Academic Services Ltd,
Ontario, Canada; and soon to be
available electronically.
»» “Backfill in South African Mines”, Special
Publications Series, SP2 – 1988, SAIMM,
Johannesburg, South Africa.
»» “Handbook on Mine Fill” edited
by Y. Potvin, E.G. Thomas and A.B.
Fourie, 2005, Australian Centre for
Geomechanics, Perth, Australia.
In the 1950s and 1960s, organised
research into mine fill properties and
application was focussed on deslimed
mill tailing fill placed down boreholes
and through pipelines. As rock fill came
increasingly into vogue, and with the vastly
increased sophistication of laboratory
and underground fill property testing that
evolved in the 1960s and 1970s, research
broadened to include determination of
rock fill properties and the placement
of rock fill via shafts, passes, winzes and
boreholes, and the use of conveyors and
trucks for its handling underground and

placement in stopes of ever increasing
dimensions. Paste fill also arrived on the
scene in the 1980s and has proven to
have useful application in many instances.
Further technical developments also
include use of computers for research and
plant/mine control and the availability of
electronic devices for data gathering and
processing.
It is patently obvious that the technology
of mine filling is progressing rapidly
with time. The Mine Fill Symposia series,
founded by the author, can be expected to
continue to make a valuable contribution
to the advance of backfill into the future.
Following are topics that could be
pursued to ensure the continued orderly
advance of the practice of mine filling.
»» It is often thought most appropriate
to return treated mine waste back
underground, possibly excluding the
following scenarios:
»» Where the waste contains materials of
potential future value and returning it
underground could result in the loss of
these values.
»» Where the waste contains even mildly
radioactive material.
»» Where the waste contains chemically
active nasties such as cyanide used in
gold recovery.
»» Where placing waste back underground
may prevent or make significantly more
costly access to remaining pillars.
However, in this context we could
encounter a potentially major challenge
- our industry is ultimately regulated
by politicians. One benefit of returning

11th International Symposium on Mining with Backfill

MINEFILL
M

11th International Symposium
on Mining with Backfill
Perth | Western Australia | 2014

The ACG looks forward to hosting the 11th International Symposium on Mining with
Backfill in Perth, Western Australia in 2014. Mine fill is recognised worldwide as
an integral component of most underground mining operations. The stability of and
safety within underground mines are enhanced by the closely controlled placement of
mine fill into stope voids. Mine Fill 2014 will explore both the theoretical and practical
aspects of the application of mine fill, with many case studies expected from both
underground and open pit mines.

www.minefill2014.com
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"Mine fill technology is applied in recovery of many mineral commodities by
underground mining. Mine fill is now seen to involve a multitude of professional
disciplines and an even greater number of applicable topics"
mine waste underground as fill, is the
“out-of-sight-out-of-mind” benefit as
seen by the local community. It is not
difficult to render this seeming benefit as
not applicable to the wider community
using the argument that it cannot be
conclusively proven that there is absolutely
no chance that “nasties” in the material
returned underground will not, over
extended periods of time, do damage to
the environment in some seemingly highly
unlikely fashion. The result may be at best
failure to grant licence to return waste
underground as mine fill, but to store it on
surface in impermeably lined paddocks, or
at worst refusal to grant licence to mine.
1. As mining gets deeper, rock temperatures
will increase and fill should:
»» be chemically and physically stable at
these temperatures,
»» incorporate binders, if binders are
indeed necessary, which also need to be
chemically and physically stable at these
temperatures, and
»» be able to absorb heat from country
rock. Perhaps fill could be cooled on
surface, naturally or in conjunction
with the ore treatment process, before
placement underground.
2. The variable-composition mineral
pyrrhotite has potential for both good
and bad in fill. For good, it may bind fill
naturally and produce heat in a cold mine.
For bad, its oxidation absorbs mine oxygen
and deaths have occurred underground
from carbon monoxide poisoning
resulting from oxygen consumption during
pyrrhotite oxidation.

6. Spontaneous combustion is a factor to be
considered whenever coal waste is used
as a fill.
7. Void measurement and geometric
definition can greatly improve
the operation of fill placement.
Instrumentation is available to allow this
but more reporting of its use would be
beneficial.
8. Safety aspects involved in fill practice are
numerous and well covered in practice
and the literature. However, the following
situations are to be noted:
»» Poorly graded cemented hydraulic fill
allows cement to flow to the fill surface
producing a slippery surface to walk or
drive on.
»» Undrained hydraulic fill can behave as a
quick material.
»» Recovery of horizontal pillars beneath fill
in stopes above requires careful planning
and operation.
9. Introduction to the principles and
practice of mine filling must feature more
prominently in formal education and
training courses at all levels within the
mining industry.

Handbook on Mine Fill
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ACG Mine Backfill
Seminar
29–30 September 2011, Perth
The seminar will provide an
introduction to the selection of an
appropriate backfill system, as well as
the technical and operations aspects
associated with plant and delivery
system design. Industry leaders
will also provide presentations on
the state-of-the-art techniques for
defining suitable fill mix designs
and managing risks associated with
containment bulkhead failures.

4. The principles of fluid mechanics, coupled
with basic pipework engineering, can result
in the delivery of the required hydraulic/
wet fill slurry/pulp from surface to stope
reliably. The principles of soil mechanics
also have essential application to mine fill
practice.
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Ed Thomas,
mine fill specialist consultant,
Australia

10. Mine fill practice would benefit greatly
from an image upgrade at all levels within
the profession of mining engineering.

3. Situations often occur in practice where
more formalised co-operation and
interaction between mine and mill can
result in improved production results.

5. Bulkheads/barricades/fill fences need
more serious development as they
are a potential major safety hazard. An
international standard for their design and
construction is required. In addition to
the obvious safety improvements, ensuing
benefits could be vastly reduced costs for
fill binders.

Specialists and practitioners in related
professions could benefit from a short
introduction to mine fill practice.
The ACG serves many functions and
provides many highly worthwhile services
to the mining industry: locally, nationally
and internationally. Those of most personal
interest to the author relate to mine fill,
mine waste disposal, environmental impact
of mining and mining economics. The ACG
team is delighted to be hosting the 11th
International Symposium on Mining with
Backfill in Perth, Australia in 2014.
In conclusion, I trust this short article
proves to be of interest and contributes
to the continuing development of the
technology and practice of mine filling and
serves to draw attention to the activities of
the ACG in fostering this development.

This ACG book is a concise summary
of the considerable body of mine fill
knowledge and experience and provides
mining engineers and those responsible
for the application of fill with a one stop
reference, covering the most significant
aspects of fill.

Who should attend?
The seminar will be of benefit to
geotechnical and mining engineers,
mine managers, supervisors, mineral
proceedings engineers, and anyone
dealing with mine backfill issues.
www.acg.uwa.edu.au

Paste
Paste 2011
“designer waste”: the latest industry trend
The ACG provides the low-down of what was discussed at the 14th International Seminar on Paste and
Thickened Tailings held in April 2011, in Perth, Western Australia.

A paste seminar is held annually in
different locations around the world
and is recognised as the main vehicle
to disseminate P & TT technologies
internationally. This seminar was the
fourteenth in the series and reflected the
developing maturity of the technology and
management of P &TT. Paste 2011 explored
the considerations needed to raise the
awareness of mining industry leaders to
how important environmental stewardship
is to their tailings facilities in terms of longterm industry sustainability.
More than 260 paste and thickened
tailings practitioners attended the Paste
2011 seminar that featured state-of-the-art
technical presentations and case studies
concentrating not only on the traditional
disciplines of P&TT (namely, thickening,
transportation and disposal) but other
key considerations such as the rheology
of slurries and mine backfill. Additionally,
special attention was given to beach slope
prediction which remains the major area of
uncertainty in TSF design.
Prior to the seminar, the ACG hosted
two workshops. Professor Paul Simms,
Carleton University, Canada facilitated
a highly interactive Prediction of Beach
Slopes Workshop that was attended
by 65 delegates. Professor Paul Slatter,
RMIT University, Australia led a Rheology
Workshop attended by almost 80
delegates.
Professor David V. Boger, Monash
University; and The University of
Melbourne, Australia, a world expert in
rheology and recipient of the 2005 Prime
Minister’s Prize for Science, opened the
Paste 2011 seminar with an excellent
overview, “A personal perspective on paste
and thickened tailings – a decade on”. Prof
Boger noted the positive impact that the
P&TT seminar series have had on the
development of this “designer waste”. He
also concluded and recommended that
traditional tailings “dams” can and should
be eliminated for flocculated fine particle
suspensions by producing and stacking a
designer paste. Reclamation can and should
then occur concurrently with the paste
stacking.
“In paste and thickened tailings we are
not talking about rocket science; we are

regulatory framework in both water
use and impoundment. These and other
factors have led to more and more plants
using high density and paste thickening
technologies together with optimised
tailings disposal schemes to recover water,
minimise tailings impoundment areas and
comply with regulations. High density
and paste thickening have allowed these
plants to take advantage of tailings disposal
options that weren’t previously possible.
The technology has significant benefits
and has been proven in applications such
as leach feed, CCD circuits, underground
backfill, and filter feed and tailings disposal.”
Seminar chairs Richard Jewell and Andy
Fourie were delighted to commission a
keynote presentation from Dr Gavin Mudd,
Monash University, Australia that addressed
the potential for thickening to ameliorate
the degradation of the environment by
acid and metalliferous drainage from
TSFs. Jewell observed “many leaders of
the mining industry pay lip service to
the ‘sustainability’ of their operations
but appear to pay scant regard to the
effects on the environment of the tailings
produced from mining in the outcome of
their high level meetings.”

talking about accounting practices which
encourage degradation of the environment
and regulators (governments) who do not
have the courage to implement the latest
technology. There are two groups of people
here – the public servants and the elected
representatives. Elected representatives are
the ones who lack the political fortitude
while the public servants lack resources
in quality and quantity. Realising that each
case can be different, the author believes
that most tailings dams could be eliminated
for flocculated fine particle wastes by
the implementation of paste thickening.
Producing and stacking a designer paste
would allow the concurrent reclamation.
Wouldn’t that be a major step forward?
Maybe the industry will take the initiative!”
Day two was opened with a keynote
address by Fred Schoenbrunn, FLSmidth
Inc., USA, “Dewatering to higher densities
– and industry review”. Schoenbrunn’s
paper noted that “the development
of high density and paste thickened
technologies has changed the economics
used in evaluating the benefits of increased
thickener underflow density. This comes
at a time of increasing competition for
scarce water resources and a tightening

Paste 2011

Proceedings of the 14th International Seminar on
Paste and Thickened Tailings | Perth | Australia

Paste 2011 explored the considerations needed to
raise the awareness of mining industry leaders of
the importance that environmental stewardship
related to their tailings facilities is to long-term
sustainability.
This volume contains the proceedings of the 14th
International Seminar on Paste and Thickened
Tailings which was conducted 5–7 April, 2011. A
total of 46 technical papers are included which
have been contributed by operators, consultants,
suppliers and academics from around the world.

Purchase this publication, or individual papers, from our
online shop: www.acg.uwa.edu.au/shop
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In his keynote address, Gavin Mudd, an
active researcher and advocate on the
environmental impacts and management
of mining for over a decade, presented a
unique and timely view of another potential
advantage in P & TT.
“The potential scale of acid and
metalliferous drainage risks from tailings
and waste rock across the global mining
industry is enormous and growing
exponentially as well as being cumulative
in environmental terms. Due to declining
ore grades and the increased use of open
cut mining, combined with continually
growing minerals demand, the problems
of mine waste will only escalate. Although
AMD risks from mine wastes can be quite
complex, since many factors vary from
site to site, the basic process of sulphide
oxidation leads to mammoth environmental
risks – such as polluted surface waters,
groundwater and significantly reduced
biodiversity. Once the process has begun, it
can take years to develop but last decades
or centuries. There has been significant
growth in paste and thickened tailings
technology and use over the past decade,
and it certainly appears that there are
indeed good technical reasons to argue
that P&TT can help in addressing AMD
risks from tailings and/or waste rock.
Given the scale of legacy and polluting
mines sites, which were much smaller than
present mines but where AMD is invariably
the cause of pollution, it is clear that
prevention is not only better than cure but
considerably cheaper. There is a clear need
for more research, and especially longer
term site studies, but paste and thickened
tailings can indeed act as a friend against
acid and metalliferous drainage, helping to
make the industry more sustainable in its
management of mine waste.”
Presentations from major mining
countries from throughout the world
were also very well received. Paul Simm’s
presentation gave a powerful insight
into the new deposition methods being
evaluated by Shell Canada for use in their
Northern Alberta oils sands operations.
From the paper, “Field trials of thin-lift
deposition of amended mature fine tailings
at the Muskeg River Mine in Northern
Alberta”, and amongst the technologies
currently planned for deployment, Simms
outlined the development of a new and
exciting deposition method – atmospheric
fines drying process (AFD).
“The AFD process entails amendment
of the fluid fine tailings with a flocculating
polymer such that rheology and
depositional characteristics are modified,
water release is enhanced upon deposition
and the deposits are managed to enhance
the rate of dewatering such that fluid
tailings have geotechnical strength
properties. Shell Canada commenced large
AFD trials in August 2010.”
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Attendees enjoyed a site tour to Alcoa of Australia’s Pinjarra Refinery

One area generating solid industry
interest was the ongoing advancements
in paste backfill and/or cemented backfill.
As noted in Aldea et al.’s paper, the
use of this technology is “particularly
prevalent in Canada and the USA because
of increasingly stringent environmental
regulations. Its main benefits are lower
operating costs and a reduction of the
amount of water sent to the tailings facility
for disposal. The decrease of the amount
of waste reduces the environmental
impact and offers significant environmental
benefits for the mines.”
It is interesting to note that China is
looking to readily embrace this practice
with the imminent forecasted growth of
surface paste disposal. In his paper, A-X Wu
found that incomplete data showed that
there are more than 1,500 tailings ponds in
China and over 8 billion tonnes of tailings
are stored on surface; increasing of a rate
of 600 million tonnes per year. Presently,
the quantity of tailings discharged each year
is about 130 Mt from iron mines;
140 Mt from non-ferrous metal mines; and
24.5 Mt from gold mines. Wu believes that
surface paste stacking solves the security
and environmental problem of tailings dams
and has many benefits, but for technical and
economic reasons it is a new technology in
China. Paste filling can not only make use of

“The seminar covered a
range of diverse topics.
Questions and comments
from the audience clearly
demonstrated that P&TT is
undergoing rapid evolution
and that the global mining
industry must strive to
mitigate the technical risks
associated with its growth”

the whole unclassified tailings, but also, with
the material’s concentration increasing to
about 78% solids content and the strength
of the fill body increased to 3 MPa, this will
increase the safety of the mining activities.
“For paste filling technology in China,
we should develop the basic theory and
dedicated devices for underground disposal
with unclassified tailings. It is also necessary
to expand the applied range of paste
stacking to higher precipitation areas. In
open pit mines, we can take the advantage
of good permeability in waste stacking to
develop open pit waste rock co-disposal
techniques.”
The Paste 2011 seminar concluded with
a site tour to Alcoa of Australia’s Pinjarra
Refinery. This operation is one of the
world’s largest refineries with a capacity of
3.2 million tonnes. The ACG expresses our
gratitude to the Alcoa team for generously
providing their time and resources for the
site visit.

A special thanks to our
sponsors…
During the three day event, attendees had the
opportunity to forge new friendships and catch up
with peers and friends alike. Delegates were also
able to keep up with the latest products and services
by visiting the trade exhibition booths.The ACG
was proud to have the support from our sponsors,
namely, exhibitors FLSmidth, Aker Wirth, Aran
International and Outotec.

Paste
The development of paste and high density
thickened tailings in Southern Africa
As demands for water savings increases, together with changes in beneficiation, the demands on the performance of the tailings
disposal system are increasing write Angus Paterson and Andrew Vietti, Paterson & Cooke Consulting Engineers Pty Ltd, South Africa

South Africa has a long history of
pumping high concentration slurries
as mining companies began backfilling
underground voids many years ago.
Renewed interest in mine backfill in the
1970s was driven by the need to improve
underground safety as mining depths
increased and a great deal of work was
done on the preparation of mine waste
tailings that could be used for hydraulic fill
underground. Tailings were dewatered using
a combination of thickeners, decantation
tanks, dewatering cyclones and belt filters,
and the backfill was pumped overland
for relatively short distances before
being gravity fed to the underground
workings. Many lessons were learned in
the preparation and pipeline transport of
hydraulic backfills as South African mining
houses became familiar with the issues of
transporting such materials, and backfilling
is now an integral part of deep level mining
in South Africa. In addition to backfilling,
the surface disposal of tailings is well
established and thickening of tailings to
fairly low solids concentrations of between
30 to 40% by mass has been widely
practiced for well over a century. The long
history of dewatering and pumping high
density slurries has meant that paste and
high density thickened tailings disposal
technology was more readily accepted in
Southern Africa than elsewhere.
The South African surface tailings
disposal systems typically employed either
conventional (thickening without the aid
of flocculants) or high rate thickeners
and centrifugal pumping systems. The late
1980s and early 1990s coincided with
a particularly dry spell over Southern
Africa which spurred local mining houses
to investigate high density thickened
tailings in order to reduce water usage.
Three mining companies that essentially
pioneered the use of paste and thickened
tailings technologies in Southern Africa
more or less at the time were De Beers
Consolidated Mines, Exarro (formerly
ISCOR) in South Africa, and Debswana in
Botswana.
Both De Beers Consolidated Mines
and Debswana operate diamond mines
in arid areas and a joint research and

Figure 1 Early paste disposal at Orapa Mine (Hester et al., 1999)

development programme spanning over 10
years from 1989 to 2000 was conducted to
understand the settling properties of the
tailings; test various thickening technologies
and develop pumping systems for high
density thickened tailings transport.
One of the most extensive test
campaigns was conducted by Debswana
at Orapa Mine, which began with the
installation of a Tasster (a French designed
raked paste thickener) in 1991. The 8 m
diameter thickener had a capacity of
60 tonnes per hour, and the facility
included a complete flocculation plant and
control system (Hester et al., 1999). The
original thickener transfer pumps were
piston plunger pumps that pumped the
high density thickener underflow (60%
solids by mass) to a nearby disposal site.
Early trials showed that the kimberlite
tailings could be dewatered either as a fine
sub 300 µm fraction, or as a coarse and
fine fraction with a combined top size of
1.6 mm. In 1998 the original piston pumps
were replaced by a positive displacement
diaphragm pump capable of generating
6.4 MPa discharge pressure. Exhaustive
tests were done on thickening, pumping
and deposition of viscous kimberlite
tailings in order to minimise water usage.
Early test campaigns demonstrated that
appropriate thickening can dewater the
tailings sufficiently to produce a nonsegregating mix with no bleed water
(Figure 1). The viscous slurry is being
discharged from a series of spigots

and forms typical lava flow patterns.
Following the success of the original test
work, additional thickener technologies
were tested, installed and operated at full
scale; the Ultrasep (a locally designed nonraked thickener derived from an earlier
developed non-raked thickener known
as the Wren Cat); and finally the Deep
Cone Paste thickener developed by Alcan
in Canada. As a result of this test work,
Debswana installed eight 10 m diameter
Ultrasep thickeners at Orapa Mine in 2000
and became one of the first large tonnage
projects to use non-raked thickeners for
generating thickening tailings.
Other operations soon followed suit,
notably Exxaro’s Hillendale Mineral
Sands Mine in Natal. Hillendale Mine
installed several large E-Cat thickeners
that dewatered viscous clay tailings that
could be pumped several kilometres
using two large piston diaphragm
positive displacement pumps. Shortly
afterwards, De Beers Consolidated Mines
commissioned the Combined Treatment
Plant (CTP) located in Kimberley, South
Africa during 2003. This plant can be
regarded as the first large tonnage fully
integrated high density thickened tailings
system outside of the alumina industry.
In fact it was the first metallurgical plant
in the world to treat non-alumina tailings
for surface disposal through five 16 m
diameter Deep Cone Paste thickeners
and used positive displacement pumps to
deliver the high density (approximately
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60% by mass) tailings 5.5 km to a central
thickened discharge (CTD) disposal site.
One of the key issues identified during
the operation of the CTD facility is the
correct operation of the discharge riser to
allow the high density thickened tailings to
discharge radially. If the flow path meanders
or forms channels that result in thick layers,
the discharge point is rotated to maintain
thin layer deposition. By careful control of
the layers, the current average beach slope
is now approximately 1% (Cooper and
Smith, 2011). Since 2003, the CTP has more
or less become the benchmark surface
high density thickened tailings operation in
South Africa and a number of other plants
have adopted the technology. The recently
opened De Beers Voorspoed diamond
mine uses two 18 m diameter Deep Cone
Paste thickeners, and the underflow is
pumped a short distance, less than 1.2 km,
using centrifugal pumps.
In 2007 Assmang Ltd commissioned a
high density disposal facility at the Khumani
Mine in the Northern Cape (Cooper
and Smith, 2011), and this facility is in the
process of being extended further to
accommodate increased mine production.
Conventional thickeners dewater the
tailings to 32% by mass and the underflow
is pumped approximately 6 km to two
paste thickeners located at the perimeter
of the disposal facility. The material is there
dewatered to approximately 60% by mass
and pumped around the perimeter of the
facility using several centrifugal pumps in
series. This is not a CTD facility such as
the CTP, and overburden is used for the
perimeter walls to form a conventional
impoundment (Figure 2).
Although South Africa has several high
density thickened tailings facilities operating
well that are generating valuable data on
the overall efficiency of this technology,
and which will continue to provide useful

Figure 2 Khumani Basin with the paste thickener in the background (Cooper
and Smith, 2011)

benchmarks as new projects are developed,
the technology has not been without its
teething problems. Key to the technology
is a well developed understanding of the
tailings properties on the deposition
site and a good understanding of the
capabilities of the various thickener
products available on the market.
There are a number of drivers
encouraging the consideration of paste and
thickened tailings as a mineral processing
tool in Southern Africa. The demand for
resources has encouraged mining houses
to either expand existing operations
or initiate new projects in lower grade
resources. In both instances the volume of
tailings to be disposed will increase along
with the volume of raw water needed
for processing. Although the allocation
of space for the storage of tailings does
not generally pose a problem in Southern
Africa, the issue of water supply often can
make or break a project.
Advances in beneficiation technology,
such as ISA milling, have led to better
recovery as the ore is ground finer.

Tailings – From Concept to Closure
The ACG seeks to build upon the skills and knowledge of
mining operators and industry practitioners and assist
operations to improve mine safety and production
performance. 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.
The DVD was reviewed by several leading exponents
of tailings systems representing the major
international and Australian mining companies. This
training product represents not only the latest safe
practices but is also pragmatic in its approach,
showing real life situations.
Contact the ACG for more information.
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These finer ores have different thickening;
consolidation and rheological behaviours
from the coarser ground materials. As
demand for water savings increases,
together with changes in beneficiation, the
demands on the performance of the tailings
disposal system are increasing.
Paste and high density thickened tailings
is one of many technologies that provide
the means to minimise the impact of
mining. Southern Africa, as a water stressed
region, will continue to play a key role in
embracing mining technologies that offer
real environmental benefits.
Article references are available on request.

Angus Paterson,
Paterson & Cooke Consulting
Engineers Pty Ltd,
South Africa

Don't miss this

15th International Seminar on
Paste and Thickened Tailings
16–19 April 2012
Sun City | South Africa
www.saimm.co.za
Founding organisation

Host organisation

ACG update
Non-ACG events and courses
The following industry events may be of interest to the global mining community.
27 July 2011
Perth, Australia

WAGCG Meeting
10.00am – 12 noon meeting is open to mine-based geotechnical engineers only. 12.30 – 4.00pm is a
technical session open to all to view the presentations. The topic is numerical modelling case studies.
Please contact Ruth Stephenson to express your interest, rstephenson@anglogoldashanti.com.au

18 – 21 September 2011
Vancouver, Canada

International Symposium on Rock Slope Stability in Open Pit Mining and Civil Engineering
www.slopestability2011.ca

5 October 2011
The Wanderers Club,
Illovo, South Africa

Second International Seminar on Safe and Rapid Development in Mining
www.saimm.co.za

16 – 19 April 2012
Sun City, South Africa

15th International Seminar on Paste and Thickened Tailings
www.saimm.co.za

14 – 17 May 2012
Sun City, South Africa

Second Southern Hemisphere International Rock Mechanics Symposium
www.saimm.co.za

Associated international events
The ACG has more than 10 years experience in hosting international mining events throughout Australia that have regularly attracted over
150 local and international mining professionals. Our dedicated team of event organisers are skilled and trained to manage and coordinate
all aspects of international events including: delegate registration, marketing and promotion, abstract and paper generation, venue
coordination, sponsorship, committee, programme development, etc.
The ACG also has a dedicated publication team that produces peer-reviewed proceedings for our symposia and conferences. This work is
undertaken in-house where we can ensure that the high standard of the publication is maintained. Our team works in close collaboration
with the proceedings editors, organising committees, paper authors and reviewers, and printers.
Our team has been instrumental in initiating many highly acclaimed series of international mining conferences, symposia and seminars that
are held either annually or regularly throughout the world. In close collaboration with leading mining universities such as The University of
Witwatersrand, South Africa; the University of Toronto, Canada; and the Pontificia Universidad Católica, Chile, the ACG is pleased to have
been the founding body and/or key collaborator for the following event series:
»» International Conference on Mine Closure
»» International Seminar on Deep and High Stress Mining
»» International Seminar on Paste and Thickened Tailings
»» International Seminar on the Reduction of Risk in the Management of Tailings and Mine Waste
»» International Seminar on Safe and Rapid Development Mining
»» International Seminar on Strategic versus Tactical Approaches in Mining
»» International Seminar on Surface Support Liners: Thin-Sprayed Liners, Shotcrete and Mesh
»» International Southern Hemisphere Rock Mechanics Symposia
For the majority of these events, the ACG has produced technical, peer-reviewed event proceedings that can assist industry personnel to
maintain and develop their skills, knowledge and capabilities.
Contact Jo Ruddle, ACG for information via acg@acg.uwa.edu.au
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ACG event schedule*
Advanced Ground Support in Mining Seminar

26–28 September 2011

Mine Backfill Seminar

29–30 September 2011

Open Pit – Underground Mining Interaction Workshop

7 November 2011

Fourth International Seminar on Strategic versus Tactical Approaches in Mining

8–10 November 2011

Feasibility Studies – Should be Strategic but Often Tactical Workshop

11 November 2011

Blasting for Stable Slopes Short Course

16–18 November 2011

Total Tailings Management Seminar

7–8 December 2011

Environmental Geochemistry of Mine Site Pollution – An Introduction, Short
Course

21–22 March 2012

Stress Measurement Workshop

26 March 2012

6th International Seminar on Deep and High Stress Mining

27–29 March 2012

7th International Conference on Mine Closure

24–28 September 2012

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

Seminar Themes

Abstract
ns
Submissio
1 August
2011

Deep Mining 2012

Abstract
Submissions
22 August 2011

Sixth International Seminar on
Deep and High Stress Mining

•

Geomechanics risks

•

Financial risks

•

Case studies

•

Numerical modelling

•

Rock behaviour under high stress

•

Rockburst and seismicity monitoring

•

Ground support

•

Risk assessment and management

•

Ventilation

•

Blasting

Key Dates

Following on from the recent success of Deep and High Stress
Mining 2010 in Chile, the ACG is delighted to host the Sixth
International Seminar on Deep and High Stress Mining in
Perth, Western Australia. This follows previous International
Deep and High Stress Mining Seminars held in Santiago in
2010; Perth in 2007; Quebec City in 2006; Johannesburg in
2004; and Perth in 2002.
The main objective of this seminar series is to document
and disseminate the latest experiences and state-of-the-art
technologies in the challenging and evolving area of deep and
high stress mining.

Submission of Abstracts:

22 August 2011

Stress Measurement Workshop:

26 March 2012

Deep Mining 2012 Seminar:

27–29 March 2012

Proceedings of the Fifth International
Seminar on Deep and High Stress Mining
Deep Mining 2010 was held in
Santiago, Chile in October 2010 and
attracted excellent international
participation. These black and white
proceedings feature 42 technical
papers from around the world.
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