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highlights 2004

HIGH RESOLUTION SEISMIC MONITORING IN OPEN PIT
MINES
This year the ACG commenced a new research project into the
intricate processes of slope failure in open pit mines in Australia.
The project seeks to assist operations to minimise the financial
and safety risks associated with potentially catastrophic slope
failures by detecting and analysing the early microseismic
warning emitted by the failing rock.
UNEARTHING BLACK GOLD

The Australian Centre for Geomechanics Board of Management –
Peter Lilly (Western Australian School of Mines, Curtin
University), Steve Harvey (CSIRO – Exploration and Mining),
Mark Bush (Civil & Resource Engineering, The University of
Western Australia), Yves Potvin (ACG) and Andrew Grubb
(AngloGold Ashanti Australia Ltd)

The Centre continued to focus on safety issues and production
efficiency by developing a training DVD/video specifically
designed for open pit coal mine workers.The Centre’s first foray
into providing training material for the coal industry has seen us
examine the geomechanics challenges associated with slope,
stockpile, waste dump and dragline bench stability.
SURFACE SUPPORT IN MINING

This 400 page hardbound publication was launched at Ground
The major issues challenging the safety and productivity of the
Support 2004 and provides an excellent collection of thin
Australian mining industry are continually evolving with the
spray-on liners, mesh and shotcrete innovations and practices
influx of new technology and the latest developments in global
that have occurred during the last three years.
mining practices. Throughout the 2004 calendar year, the ACG
under took research, developed training material and
TRANSFER OF TECHNICAL KNOWLEDGE
publications, and presented further education courses all
The ACG’s geomechanics training and education platform
designed to equip mining companies and their professional
provides a solid base for the transfer of technological
mining personnel with the latest and most relevant technical
developments and practices based on knowledge gathered from
skills and knowledge to operate viable mining operations. The
local and international sources. More than 490 mining personnel
ACG continued to disseminate leading global and local industry
attended ACG courses and events during 2004.
expertise, the latest mining based
FIFTH INTERNATIONAL
research and world’s best practice
FACILITATING COORDINATED
SYMPOSIUM ON GROUND
to benefit Australian industry
RESEARCH, TECHNOLOGY TRANSFER
SUPPORT IN MINING AND
economically and prolifically.
AND
UNDERGROUND
MINE SEISMICITY AND
CONSTRUCTION
ROCKBURST RISK
the last few years
During
IN THE
MANAGEMENT
industry has witnessed the

|

improved
education and
training

GEOMECHANICS DISCIPLINES

Our leading research project
continues to advance the responsible application of seismic
monitoring systems in Australian mines and deliver strategies to
quantify and mitigate the risk of mine seismicity and
rockbursting. In 2004, the second year of Phase Two of the
project was completed and the team was pleased to welcome
onboard three new sponsors.

rapid growth of state-of-theart rock reinforcement and support technologies designed to
control the risks associated with rockmass damage.The Centre, in
collaboration with the Western Australian School of Mines, Curtin
University was pleased to host the Fifth International Symposium
on Ground Support in Mining and Underground Construction in
Perth that was attended by more than 190 delegates.
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chairman’s foreword

The Australian Centre for
Geomechanics
was
established in 1992 as a
Joint Venture collaboration
between the Commonwealth Scientific and
Industrial
Research
Organisation (CSIRO), the
Department of Industry
and Resources of W.A.
(formerly the Department
of Minerals and Energy of
Mr Andrew Grubb
W.A. – withdrew from the
Chairman, Australian Centre for
Joint Venture in June
Geomechanics
2003), The University of
Western Australia and the Western Australian School of Mines,
Curtin University of Technology. During 2004, the Joint Venture
Agreement (JVA) was revised to facilitate increased collaboration
between the Joint Venture Partners (JVPs).
A key initiative in the revised JVA was the provision for a
Research Co-ordination Panel (RCP), to be chaired by the
Director of the ACG, and comprising key researchers from each
of the JVPs and experienced industry practitioners. The major
goals of the RCP are:
> to co-ordinate geomechanics research by facilitating
communication regarding new research concepts and ideas,
current research effort, future strategies, resource strengths
and weaknesses; and
> to create new opportunities for collaborative research and
development projects.
Although the RCP met only twice during 2004, I am confident
that this regular collaboration will result in well defined, focussed
and relevant research projects.

education courses and international events, training materials
and publications, sponsored research projects and Corporate
Affiliate Memberships. The ACG remains grateful for the
continued support and endorsement it receives from both the
national and global mining industries. In particular, the Centre
acknowledges the ongoing support from the Minerals and
Energy Research Institute of Western Australia (MERIWA) both
in their direct sponsorship and involvement in particular
research projects.
By the end of 2004, many sectors of the Australian mining
industry were facing escalating growth conditions that had not
been experienced for more than a decade. These ‘resource
boom’ times have resulted in individual operations struggling to
attract and retain key personnel in all technical and operational
areas. This situation has been exacerbated by the fairly recent
closure of university courses focussing on engineering
geology/geotechnical engineering. These issues raise serious
concerns as to just how the industry’s needs are to be satisfied
even in the short-term.
The ACG, through its strong focus on providing continuing
professional development, technology transfer and training has
an important role in developing less experienced geotechnical
practitioners and providing forums for the identification and
sharing of industry best practice.
The ACG requires ongoing and sustained close collaboration
with, and encouragement and financial backing from industry to
make further advances in mine safety.
The outlook for most sectors of the Australian mining industry
appears buoyant. Can I urge companies to support the Centre
by involvement in the RCP, sponsoring research projects
relevant to their operations and to become Corporate Affiliate
members of the Centre.

In March 2004, the ACG left its premises at Subiaco and returned
to excellent office facilities located on the campus of The
University of Western Australia. This move has proven most
successful in allowing closer collaboration with associated
disciplines while providing improved efficiencies in overhead areas.
The ACG receives no direct government grants, and continues
to be self-funding from its core activities: provision of further
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Mr Andrew Grubb – Chairman
Australian Centre for Geomechanics
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director’s report

Driven largely by the
“ e v e r- e x p a n d i n g ”
Chinese economy, the
Australian
minerals
industry is booming and
generating opportunities
and excitement in its
suppor t sectors that
provide the operating
fields for the ACG.
Industry’s frantic period
of
activities
has
Professor Yves Potvin
generated
an
ideal
Director, Australian Centre for
setting
for
the
Centre
to
Geomechanics
strengthen its position as
a leading provider for geomechanics research, technology and
information and to expand upon its traditional core areas.
During 2004, the ACG put in place multiple building blocks to
promote a sustainable growth in its activities and initiate new
areas of influence.

clearly addresses an important need in open pit coal mining and
has provided the Centre a new visibility within this important
sector of the industry.
The activities and reputation of the ACG as a centre of
international standing keeps growing. The annual series of
International Seminars on Paste and Thickened Tailings initiated
by the ACG in 1999 continue to move successfully around the
world under the leadership of Richard Jewell and Andy Fourie.
The Fifth International Symposium on Ground Support in
Mining and Underground Construction, a fully refereed
Symposium organised by the ACG in collaboration with the
Western Australian School of Mines, Curtin University was held
in September 2004, and by all accounts, was an outstanding
success. During the Symposium the ACG, in collaboration with
the South African University of Witwatersrand and the
Canadian Laval University, launched its latest publication, a
comprehensive 400 page hardbound volume entitled “Surface
Support in Mining”.

One of the most exciting developments this year has been the
successful fundraising campaign that has led to the creation of
the new Principal Environmental Geomechanics position at the
ACG (The University of Western Australia). This key
development has allowed us to attract a long-time collaborator
of the Centre, Professor Andy Fourie, a world-class academic
with the clear mandate of re-building our internal capabilities in
the general area of mines tailings and rehabilitation.

An important outcome of our Mine Seismicity and Rockburst
Risk Management (MSRRM) research project is the formation of
specialists for the industry. I am pleased to report that in 2004,
two of our postgraduate students submitted their theses and
were awarded their degrees. I would like to congratulate Dr
Michelle Owen and Mr Marc Reimnitz on their achievements. I
would also like to acknowledge the role played by our MSRMM
project leader, Marty Hudyma, in supporting and mentoring all
ACG sponsored students.

Another important development of 2004 is the commissioning of
the first ACG open pit research project since the mid 1990s.
Building upon our current expertise in mine seismicity, the project
entitled “High Resolution Seismic Monitoring in Open Pit Mines”
has the potential to revolutionise the monitoring of open pit slope
stability. One of the leading Western Australian geomechanics
engineers, Gordon Sweby, has joined the ACG team as the
principal investigator of this important research initiative.

Throughout 2004, the ACG took many important steps towards
fulfilling its ultimate goal of becoming an internationally
recognised centre that is active in all main areas of mining
geomechanics, whilst continuing to serve well the needs of the
local mining community. Industry par ticipation in our
professional development programs continues to be very high
and the demand for the training and educational material we
are producing increases rapidly.

In addition to the re-activations of tailings and open pit
geomechanics, the Centre produced “Unearthing Black Gold”, a
geotechnical hazard awareness training DVD/video that is also
our very first collaborative project undertaken with the coal
mining industry. The Unearthing Black Gold training package

Professor Yves Potvin – Director
Australian Centre for Geomechanics
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mine seismicity and rockburst risk management
– phase II

The seismic event clustering technique in MS-RAP provides a
significant step forward to seismic data analysis in mines

The second year of the three-year Mine Seismicity and
Rockburst Risk Management (MSRRM) project (Phase II) is
complete. Three additional mining companies joined the
project: Agnico-Eagle Mines, Canada, MPI Mines (now LionOre
Mining International Ltd), and Perilya Mines NL. The other
sponsors of the project are: Barrick Gold of Australia, Gold
Fields of Australia, Harmony Gold Australia, Independence Gold,
Kalgoorlie Consolidated Gold Mines, the Minerals and Energy
Research Institute of W.A., Placer Dome Asia Pacific, and WMC
Resources Ltd.

| RESEARCH UNDERTAKEN
BY THE ACG ATTRACTS

international
support
Significant technical achievements were made within the project
to further develop the Mine Seismicity Risk Analysis Program
(MS-RAP) computer program. MS-RAP is a seismic data
management tool, used to better quantify the hazards
associated with seismicity and rockbursting in mines. Research is
on track to turn MS-RAP into a real-time seismic risk
management tool by the end of the project. MS-RAP is currently
used in nine mines in Australia and one mine in Canada.
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Marty Hudyma and Daniel Heal – MSRRM project

The first post-graduate degrees were conferred on students
involved in the Mine Seismicity and Rockburst Risk Management
Project. Michelle Owen was awarded a PhD for her thesis
“Exposure Model – Detailed Profiling and Quantification of the
Exposure of Personnel to Geotechnical Hazards in
Underground Mines”. Marc Reimnitz received a Master of
Engineering Science for “Shear-slip Induced Seismic Activity in
Underground Mines – A Case Study in Western Australia”. Two
additonal PhDs are being undertaken in the MSRRM project.
A major fieldwork initiative started in 2004. Two sets of
simulated rockbursts were completed, with three more sets
planned for 2005. Simulated rockbursts involve using explosives
to investigate the response of varying ground support systems
to strong ground motions. A wide range of instrumentation is
installed to monitor and evaluate the response of the ground
support system and rockmass. The results of the simulated
rockbursts are being used to optimise ground support for
rockbursting conditions in mines.
Research and development in the MSRRM project is providing
the tools and methodologies to a better understanding of
seismic hazards in underground
mines. Ultimately, this leads to
better management of the
risks posed by mine seismicity
and rockbursting.
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high resolution seismic monitoring
in open pit mines

During 2004, the Australian
Centre for Geomechanics
was delighted to launch
a new and innovative
research project
–
High Resolution Seismic
Monitoring in Open Pit Mines.
The
research
being
undertaken in this project
will go a long way to
understanding the intricate
Gordon Sweby, Project Leader,
processes of slope failure in
High Resolution Seismic Monitoring in
active open pit mines in
Open Pit Mines.
Australia. The project seeks
to minimise the financial and safety risks associated with
potentially catastrophic slope failures by detecting and analysing
the early microseismic warning emitted by the failing rock.

| ADVANCING THE

UNDERSTANDING OF

slope failure in
open pit mines
systematic study on the application of high resolution seismic
monitoring to the problem of open pit slope stability.
If successful, high resolution microseismicity will significantly
enhance the capability to monitor pit slopes. In addition to the
potential early detection of deep-seated failures and/or surface
failures, it could also identify new stress induced slope failure
mechanisms and enhance numerical modelling capabilities.
OBJECTIVES
This new project will undertake a comprehensive study on the
application of high resolution microseismic monitoring to open

BACKGROUND
Microseismic monitoring has been used in underground mines
for over 20 years. It is a well established and powerful
technology that essentially captures the vibration signal emitted
by rockmass failure. High resolution seismic monitoring deploys
a dense array of sensors resulting in high monitoring sensitivity.
It can identify the location of failure initiation with precision and
has the potential to provide detailed information on the failure
processes and mechanisms. To date, there has been no

pit slope stability. Microseismic monitoring systems will be
installed in order to establish the potential, as well as the
operating constraints, of seismic monitoring. The study will be
conducted over a period of three years and will focus on pit
walls that have the potential to develop stability problems. Two
monitoring sites have been chosen for the project, namely
WMC’s Mt Keith Nickel Operation and Xstrata Zinc’s Black Star
Open Pit (Mt Isa Operations).

The ACG’s High Resolution Seismicity Monitoring in Open Pit Mines
research project aims to generate solutions to the seismic
hazards encountered in open pit mines.
Photographs courtesy of WMC Resources Ltd
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high resolution seismic monitoring
in open pit mines

The open pit mining industry in Australia is operating at
increasing depths and currently there are plans for developing a
number of deep pits. For example; Argyle Diamond Mine is
designed to reach 700 m, Sunrise Dam 450 m, Mt Keith around
600 m and Boddington 850 m. It is anticipated that within the
next decade, a significant proportion of minerals production in
Australia will come from deep open pit mines.
It is well documented that some mining areas in Australia have a
high horizontal to vertical stress gradient. It is therefore
anticipated that new geotechnical problems driven by the high
in situ stress will develop in future deep open pit mines. Some of
these problems will manifest themselves in the pit floor while
others are likely to occur in the walls. Failure mechanisms
uncommon to the ones currently observed, driven by a
combination of existing structures and stress induced fracturing,
will likely become a major risk in the future deep open pits.
Although some evidence of such “new” failure mechanisms have
already been observed in some of the current deeper pits, there
is much to be learned about this new risk. None of the “classical”
design approaches account for such failure mechanisms, thus
future deep pits may be under-designed, leading to potential wallscale failures and associated business risk.
This ACG research project aims to develop innovative solutions
that could become critical to the success of future deep open
pit operations in Australia and throughout the world. The
potential benefits of enhanced slope monitoring capabilities
could be more aggressive slope design and improved wall
performance. The early detection of slope failure will also allow
for tactical response to minimise the impact of the loss of a wall.

PROJECT TEAM
Project leader Gordon Sweby has hands-on experience in the
design, operation and maintenance of seismic monitoring
systems. He has also accumulated 17 years of experience in
numerical modelling, geotechnical data analysis and
interpretation. Gordon brings to the ACG operational and
consulting experience in both open pit and underground
mining. For the past six years he has been practicing in the
Goldfields district of Western Australia and has an intimate
knowledge of the geotechnical issues associated with high-stress
and seismicity unique to this part of the world.
The project will also benefit from the input of Yves Potvin, ACG
director, and Marty Hudyma, project leader of the ACG’s main
research project, Mine Seismicity and Rockburst Risk Management
in Mines (MSRRM,) and Phil Dight (BFP Consultants).
ACKNOWLEDGEMENT
The ACG is grateful for the significant contribution made by the
project sponsors:
> Minerals and Energy Research Institute of Western Australia
(MERIWA)
> WMC Resources Ltd
> Xstrata Zinc

Photograph courtesy of WMC Resources Ltd, Mt Keith Nickel
Operations, March 2003
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rockfall risk management in Australian mines

Globally, safety in mining continues to remain of enormous
importance and the Australian mining industry has one of the
best mine safety records in the world. However, figures from the
Mineral Council of Australia indicate that local industry need
not rest on its laurels and that we need to continually strive to
reduce the occurrence of mine related accidents.
In recent years, Yves Potvin (ACG) and Paul Nedin
(Underground Mining Solutions) have confronted one of
industry’s biggest hurdles to improve mine safety – rockfalls.
Rockfall fatalities and severe injuries are unquestionably the
most critical and recurrent safety issues faced by the global
underground mining industry.
The ACG’s Towards the Elimination of Rockfall Fatalities in
Australian Mines research project commenced in 2001. This
unique project seeks to determine what causes rockfalls. With
backing from leading mining companies and funding from the
Minerals and Energy Research Institute of Western Australia
(MERIWA), Yves and Paul created arguably Australia’s most
comprehensive database with more than 750 rockfalls recorded
from over 25 underground metal mines. Research results
revealed, amongst other findings, that rockfall risk could be
divided into two types.
The first type exists in the intense working area near active faces
and involves small rockfalls detaching themselves from in
between the rockbolts. The second risk type is present in the
rest of the mine, including travelways, declines and accesses.This
risk entails larger rockfalls and is responsible for many fatalities
during the last few years.
As the risk of rockfalls continues to change with evolving mining
practices and environments it is essential for industry to
monitor the causes.
With financial support and encouragement from AngloGold
Ashanti Australia, BHP Billiton, MERIWA, Newmont Australia,
Placer Dome Asia Pacific, Rio Tinto, WMC and Xstrata, phase
two of the research project commenced in mid 2003 and is
expected to conclude in early 2005.
During phase two, the database was expanded to further
explore how rockfall injuries occur near the face. In particular,
the exposure of mine workers to potential rockfall injuries while
undertaking their daily activities is investigated by “mapping” the

Yves Potvin (ACG) and Paul Nedin (Underground Mining Solutions)

processes involved in the different mining activities near an
active development mining face. New data is being collected to
better characterise the rockfall risk away from active faces,
including intersections.
Based on the outcomes from the Towards the Elimination of
Rockfalls research project and the Centre’s experience in other
rockfall and risk related initiatives such as the Mine Seismicity
and Rockburst Risk Management Project, MS-RAP software and
the Management of Rockfall Risks in Underground Mines –
Guideline and Reference Manual, the ACG proposes to develop
a powerful quantitative geotechnical risk tracking system for
underground mines.
The new research proposal entitled “Geotechnical Risk Tracking
– A quantitative approach to rockfall risk management in mines”,
seeks to develop a specific and state-of-the-art geotechnical risk
tracking that is capable of assigning a realistic probability of
workers being injured (or worse) at any location of the
underground mine where personnel are authorised to travel.
One of the principal deliverables from this new project will be
a computer program designed for quantifying and tracking the
risk of underground mine personnel being injured by rockfalls.
This will enable mine management to develop objective criteria
on tolerable rockfall risks, and assist them to evaluate when to
implement new control measures to further reduce the risk.
Such a tool will also aid in assessing the effect of past, current
and future practices on the risk of rockfalls.
The ACG is seeking industry support for our newest research
project that is scheduled to commence during 2005.
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geomechanics education and training courses:
transferring state-of-the-art technologies and knowledge to industry

As mining practices and applications continue to rapidly evolve,
operations need not only highly skilled and experienced
workers but also require access to state-of-the-art and highly
relevant technology and information. One of the main
objectives of the ACG is to provide specialist and advanced
training and education for mining personnel and geotechnical
practitioners in mining and environmental geomechanics.
The success of the ACG education program is evident in the
numbers of mining personnel that attended the nine further
education courses during 2004. In 2003, 338 local and
international mining personnel attended ACG courses and
symposia. In 2004, the number of course attendees increased by
a significant 69%, with more than 490 people participating in our
courses (including on-site training courses) (see Figure 1). This
outstanding increase confirms that many companies find the
format, content and quality of the Centre’s educational and
training platform to be of tangible benefit and value.
GROUND SUPPORT IN MINING
Perth, February 2004
This course provided a practical understanding of rock support
and reinforcement applied to both underground and open pit
metalliferous mines. Attendees learned how to evaluate and
design the alternative forms of rock support and reinforcement,
to define the minimum standards of installation quality required

and to appreciate the design constraints encountered in each
type of mining.
Presenters: Phillip Dight and Peter Fuller (BFP Consultants).

latest
technologies
and information TO THE
|

DELIVERING THE

MINING WORKFORCE

BLASTING FOR STABLE SLOPES
Perth, March 2004
The course considered the mechanisms and potential damage
to the rock structure behind the face from blasting and the
influence that this has on the stability of walls. Blast designers,
mine planners and others gained an understanding of the effects
that blasting can have on the in situ geological structure adjacent
to the pit and hence on the stability of the final wall design.
Presenters: George Boucher (George Boucher Consulting), John
Floyd (Blast Dynamics Inc.)and Peter O’Bryan (Peter O’Bryan &
Associates).

ACG Symposium, Seminar and Course Attendances 1993-2004
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UNDERGROUND MINING GEOMECHANICS
Perth, April 2004
In response to industry feedback, the ACG presented a unique
four-day seminar series that provided more than 40 attendees
with the opportunity to attend one or more one-day seminars
on dilution control in underground mines, blast design for
underground openings, mine backfill, and mine seismicity and
rockbursting.
Dilution Control in Underground Mines seminar presenters: Ernesto
Villaescusa (WASM), Doug Milne (Univ. of Saskatchewan), Geoff
Cape (Univ. of Saskatchewan), and Yves Potvin (ACG).

Presenters: Bill Biggs (DoIR), Graeme Campbell (Graeme
Campbell & Associates), Sharon Clark (DoE), Simon Daddo
(Freehills), Suellen Davey (DoIR), David Elias (GHD), Christoph
Hinz (UWA), David Jasper (Outback Ecology), Richard Jewell
(ACG), Hugh Jones (Golder Associates), Harley Lacy (Outback
Ecology), Chris Lane (Soil & Rock Engineering, Coffey
Geosciences), Ross Marshall (Ross’s Auctioneers and Valuers),
Graeme May (Newmont Australia), Mike Russell (DumpSolver),
Michael Slight (Newmont Australia), John White (Aquaterra)
and Ian Zlatnik (Sons of Gwalia).
GEOTECHNICAL ENGINEERING FOR OPEN PIT MINES
Perth, November 2004

Blast Design for Underground Openings seminar presenter: John
Heilig (Heilig & Partners).
Mine Backfill seminar presenter: Tony Grice (AMC Consultants).
Mine Seismicity and Rockbursting seminar presenters: David Beck
(Beck Mining Engineering), Daniel Heal (ACG), Marty Hudyma
(ACG) and Chris Langille (Northwind Enterprises).
GEOMECHANICS REGULATIONS, RESPONSIBILITIES
AND RISK MANAGEMENT
Perth, June 2004
Geomechanics disasters affecting underground and open pit
mining and tailings stability, and their potential harmful impacts
on the community and the environment were examined at this
two-day seminar.
Presenters: Patrick Burke (DoIR), Allan Haines (SRK Consulting),
Hugh Jones (Golder Associates), Michelle Owen (Owen Risk
Engineering), Yves Potvin (ACG) and Chris Ryder (Corrs
Chambers Westgarth).

This two-day seminar explored geotechnical management plans,
risk analysis, structural geology, pit slope stability, ground water
management and overall geotechnical implications.
Presenters: Peter Booth (AngloGold Ashanti Australia), Murray
Rayner (Argyle Diamonds), Phillip Dight (BFP Consultants), Allan
Haines (SRK Consulting), John Hall (Aquaterra), Peter Knight
(Snowden Mining Industry Consultants), John Lakeland
(Geotechnical Systems Australia), David Noon (GroundProbe),
Rob Parker (Hamersley Iron), George Poropat (CSIRO),
Gordon Sweby (ACG) and Colin Viska (Slope Indicator).
3-D MAPPING FOR GEOLOGY AND GEOTECHNICAL
ASSESSMENT – SIROVISION SOFTWARE
This workshop was designed to assist practical operational
personnel to better understand local rockmass response to
mining and to quantify the nature and severity of a mine
seismicity hazard.
Presenters: George Poropat and Wayne Robertson(CSIRO).
FIFTH INTERNATIONAL SYMPOSIUM ON GROUND
SUPPORT AND REINFORCEMENT IN MINING AND
UNDERGROUND CONSTRUCTION

MINE CLOSURE
Perth, August 2004
The broad objectives of any acceptable closure plan are to leave
the mine site safe, stable, non-polluted and aesthetically
acceptable. This two-day seminar provided a forum for
regulators and industry personnel to discuss the issues involved
in mine planning and closure.

Perth, September 2004
During September, the ACG, in collaboration with WASM,
Curtin University presented Ground Support 2004 that was
attended by more than 190 mining personnel. Please see page
11 for the Symposium review.
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geomechanics education and training courses:
transferring state-of-the-art technologies and knowledge to industry

GROUND CONTROL AT THE MINE FACE
On-site courses held throughout Australia during 2004.
Almost 20 Australian underground mine employees completed
the eight-hour practical Ground Control Training course during
2004. Areas covered in the on-site course included: awareness
of ground control hazards, understanding the concept of ground
pressure and its effects on the environment, foreseeing how
rock will react, identifying the potential for ground falls, and
awareness of relevant regulations.
Presenters: Phillip Dight (BFP Consultants) and Yves Potvin (ACG).

ON THE HORIZON
RASIM6 (6TH INTERNATIONAL SYMPOSIUM ON
ROCKBURST AND SEISMICITY IN MINES
SYMPOSIUM) 2005
The ACG is pleased to announce that it will host for the first
time in Australia RaSiM6 in 2005. This series of international
symposia have been the main vehicle for the diffusion of
rockburst and seismicity research from around the world. This
announcement confirms the major role played by Australia in
the development of ideas and technology to address the
problems of rockburst and seismicity in mines.
SECOND INTERNATIONAL SEMINAR ON STRATEGIC
VERSUS TACTICAL APPROACHES IN MINING 2006
In early 2006, the ACG will present an international seminar
examining the long and short-term approaches to mining.
Mining personnel from throughout the world will have the
unique opportunity to share their experiences, successes and
also missed possibilities due a lack of a long-term goal.
FIRST INTERNATIONAL SEMINAR IN MINE CLOSURE 2006
The ACG, in collaboration with the Centre for Land
Rehabilitation (UWA), look forward to hosting the First
International Seminar on Mine Closure in 2006. For the first
time, mine closure practitioners and researchers will have an
international platform to explore the greatest challenges facing
the mining industry when undertaking the economic and
socially acceptable closure of mine sites.

10
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ground support 2004 symposium

The Australian Centre for Geomechanics, in collaboration with
the Western Australian School of Mines (WASM), Curtin
University were delighted to present the Fifth International
Symposium on Ground Support in Mining and Underground
Construction in Perth, from 28 – 30 September 2004.
Good rock engineering practices are essential to sustain and
progress a prosperous industry free from injuries and fatalities.
During the last few years, industry has witnessed the new
development of state-of-the ar t rock reinforcement and
support technologies design to control the risks associated with
rockmass damage. Traditional rock reinforcement and support
products such as rockbolts, mesh and shotcrete are being
further researched and developed.

| EFFECTIVE GROUND SUPPORT AND

Delegates took full advantage to learn more about ground
support and reinforcement by visiting the sponsors’ stands

unique to the Australian mining industry and extends to the
global mining community.

REINFORCEMENT STRATEGIES ARE

main tools for
controlling the
risks ASSOCIATED WITH

Day two sessions focused on dynamic testing, rockfalls and
failure mechanism and civil engineering and tunnelling.

THE

ROCKMASS DAMAGE

As Perth turned on its spring charm, almost 200 mining
professionals, civil engineering practitioners, consultants,
researchers and suppliers gathered at Scarborough, a scenic
Perth seaside suburb. Almost a quarter of the attendees came
from overseas and twenty of the fifty-three papers presented
were foreign based. Professor Ted Brown, a leading rock
mechanics authority opened the proceedings with a keynote
address exploring the dynamic environment of ground support
and reinforcement.
The first day featured sessions on rockmass characterisation, in
situ and laboratory testing, modelling, open pit operations, and
case studies.
On day two, Mark Adams (WMC Resources Ltd) presented a
keynote address highlighting the urgent need for industry to
address the critical lack of skilled and experienced geotechnical
engineers and rock mechanics practitioners.This dire situation is
compounded by the reduction in the number of universities
offering mining engineering degrees. This occurrence is not

The presentations on the final day included a review of long, high
capacity reinforcing elements in rock engineering practices by
Chris Windsor (WASM). Sessions included corrosion, design, and
various surface support products.Those attending then departed
to the four corners of the world, having gained a shared
knowledge and further insight into the ground support interests
of their industry and research peers.The Symposium succeeded
in increasing the awareness of the latest ground support
strategies and products by introducing many attendees to the
strengths and limitations of the forever evolving technology.
The ACG and WASM were able to host this Symposium with
the generous suppor t of its sponsors and contributing
organisations, namely, WMC Resources Ltd, BHP Billiton, SRK
Consulting, Australia’s Mining Monthly and the WA Royal
Australian Navy Band WA Detachment.

GROUND SUPPORT 2008
The 6th International Symposium on Ground Support will
be held in South Africa in 2008 and will be jointly organised
by the South African Institute of Mining and Metallurgy and
the South African National Institute for Rock Engineering.
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geomechanics training tools:
helping improve mine safety

Mining is carried out in an environment that undergoes frequent
and varied changes. The factors that affect the safety and
productivity of a mine must be considered at a number of
different levels prior to and during the extraction process.
Workers are required to readily identify and avoid potential
hazards. As these skills are unlikely to arise without prior
experience, they must be imparted through highly relevant and
effective training.
Recognising the vital importance of employee training and
education to improve mine safety and production performance,
the ACG’s training platform is designed to enhance the
competency, knowledge and skill base of the mining workforce.
During 2004 the ACG firmly established itself as a leading
provider of high quality mining training materials, with industry
purchasing more than 300 training products (see Figure 1).
Products and publications such as the Securing the Ground – a
training video for underground mine workers and Paste and
Thickened Tailings – A Guide have become integral components
of training programs at a number of mine sites.

|

COLLABORATING WITH
INDUSTRY TO DEVELOP

state-of-the-art
training AND AWARENESS
MATERIAL FOR MINE WORKERS

UNEARTHING BLACK GOLD
During the past year, the ACG’s training portfolio expanded to
include Unearthing Black Gold – a geotechnical hazard awareness
training DVD/video and language support materials for open pit
coal mine workers. This training DVD/video seeks to provide
coal mine surface workers with the tools to manage and
respond correctly to the unique geomechanics hazards found in
the open pit and the surrounding environment.The DVD/video
highlights the hazards and risks associated with open pit slopes,
how slopes fail or what causes rocks to fall and assists operators
to identify warning signs to ensure a safer workplace for all.
Project Sponsors
> Anglo Coal Australia Pty Ltd
> BHP Billiton Mitsubishi Alliance (BMA)
> Henry Walker Eltin Contracting Pty Ltd

2004 ACG Training Products Sales

100

> Rio Tinto
> Xstrata Coal

Quantity

80
60
40

Unearthing
Black Gold

Surface Support
in Mining

Seminar & Course
Proceedings

Securing the
Ground

Research Reports

Paste Guide

0

Down to Earth

20

ACG Training Products
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SURFACE SUPPORT IN MINING

ON THE HORIZON

At the Fifth International Symposium on Ground Support in
Mining and Underground Construction held in Per th in
September 2004, the ACG was delighted to launch a hard
bound reference publication entitled, “Surface Support in
Mining”. Industry over the years has readily accepted the
importance of surface support and reinforcement to secure the
ground and guard its workers, equipment and resources from
the hazards associated with an unsupported rockmass.

READING THE GROUND

While mesh and shotcrete
remain the most popular
forms of surface support, the
recently developed Thin Sprayon Liners (TSLs) have
captured the attention of the
global mining community, and
not much is known about the
rapidly evolving material. With
this in mind, book editors,Yves
Potvin, Dick Stacey and John
Hadjigeorgiou have produced
a
publication
that
is
a collection of TSL, shotcrete
and mesh innovations and
practices that have occurred
during the last three years.The
first section of the book is
dedicated to TSL technology. The second section features
selected contributions from the series of International Seminars
on Surface Support Liners held in Perth (2001), South Africa
(2002) and Canada (2003).

Following on from the successful Securing the Ground – a training
video for underground mine workers, the ACG sought industry
support to develop a new DVD/video entitled Reading the
Ground. The first video provided instructions on how to
minimise the risk of rockfalls by employing techniques such as
barring down and ground support. Reading the Ground aims to
help mine workers understand basic geomechanics principles,
identify the risks and to implement the appropriate procedures
to secure the ground. The Reading the Ground DVD/video is
expected to be launched in early 2005.
Project Sponsors
> AngloGold Ashanti Australia Ltd
> Newmont Australia
> Placer Dome Asia Pacific
> WMC Resources Ltd
> Xstrata Mount Isa Mines

Reading the Ground will explore the signs of changing ground – new
cracks appearing, fallen rock exposing fresh ground and squeezing
ground conditions. Photograph courtesy of Newmont Australia.
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HANDBOOK ON MINE FILL
In mid 2003, a group of mining professionals convened to
initiate the development of a comprehensive guide on the stateof-the-art mine backfill procedures. With industry support and
input the publication will explore the many different types of
backfill and their specific function and engineering requirements
that are intimately related to mining methods. For example,
paste backfill is a recent addition to the suite of engineered
backfills utilised to fill mining voids. It presents an advantage over
traditional backfills such as slurry and rock in that a higher
proportion of tailings are disposed underground. As the mining
industry worldwide is being forced to consider the impact of its
activities on the environment and the community, paste backfill
may provide significant advantages by placing a large proportion
of the tailings underground.
The book will be released at the ACG’s Sixth International
Symposium on Rockburst and Seismicity to be held in Perth in
March 2005.
Project Sponsors

The Handbook on Mine Fill will examine the wide range of
professional, technical and operating disciplines that are
encountered in backfilling operations. Photograph courtesy of
Gold Fields Australia Pty Ltd and AMC Consultants Pty Ltd

> CSA Cobar
> WMC Resources Ltd

The ACG’s training and further education tools would not have been developed if it were not for the support and
encouragement of various mining companies, research organisations and industry suppliers. It is this collaborative approach that
both consolidates and validates ACG’s role in the development of safety training tools and techniques. Through this spirit of
cooperation, the ACG continues to work with mining stakeholders and research organisations toward the common vision of
creating a safer working environment within the Australian minerals industry.
Supporting Organisations
> Laval University, Canada
> The University of the Witwatersrand, South Africa
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financial statement 2004

BALANCE SHEET AS AT 31 DECEMBER 2004
2004
$

2003
$

336,185

323,350

26,920

45,223

363,105

368,573

Plant & Equipment

60,566

30,516

Total Non Current Assets

60,566

30,516

423,671

399,089

8,739

7,179

Provisions

84,523

45,000

Total Current Liabilities

93,262

52,179

330,409

346,910

243,980

243,980

86,429

102,930

330,409

346,910

Cash
Receivables
Total Current Assets

Total Assets
Creditors and Borrowings

Net Assets
Shareholder’s Equity
Partner Contributions
Retained Profits/Acc (Losses)
Total Shareholder’s Equity

The balance sheet should be read in conjunction with the accompanying notes.
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PROFIT & LOSS FOR THE YEAR ENDED 31 DECEMBER 2004
2004
$

2003
$

Income
Affiliate Membership Fees
Project Administration
Project Income – Staff Time
Course Fees & Sponsorships
Publications
Publications Sponsorships
Government Grants
Interest
Profit on Sale of Vehicle
Professorial Position, WASM
UWA Contribution to Students

67,000
58,553
134,806
532,981
80,762
15,000
0
3051
23,234
41,663
10,000

53,000
43,130
69,000
471,894
64,373
20,000
0
2,402
0
0
35,843

Total income

967,050

759,642

Expenses
Personnel
Provisions – Personnel
Office Space
Project related expenses
Courses, training and royalties
Travel conferences & allowances
Operating Overheads
Professional Services
Depreciation
Printing of books
Student related expenses

346,265
84,523
37,885
15,554
337,137
13,980
56,883
25,200
12,363
33,803
41,892

309,866
45,000
51,045
7,500
232,767
12,972
56,295
25,200
13,379
0
20,378

1,005,485

774,402

Total expenses
Net profit/ (loss)

(38,435)

(14,760)

Opening retained earnings

(20,132)

(5,372)

Closing retained earnings

(58,567)

(20,132)

The profit & loss account should be read in conjunction with the accompanying notes.
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STATEMENT OF CASH FLOWS YEAR ENDED 31 DECEMBER 2004
2004
$
Cash flows from operating activities
Receipts from customers
Payments to suppliers and employees
Government grants
Interest received

2003
$

975,124
(899,861)
0
3,051

785,883
(710,139)
0
2,402

78,314

78,146

Cash flows from investing activities
Acquisition of plant & equipment

(65,479)

(2,685)

Net cash flows from/(used in)
investing activities

(65,479)

(2,685)

Net cash flows from/(used in)
Operating activities

Cash flows from financing activities
Partners contributions

0

0

Net cash flows from/(used in)
financing activities

0

0

Net increase/(decrease) in cash held
Add: Opening cash brought forward

12,835
323,350

75,461
247,889

Closing cash carried forward

336,185

323,350

The statement of cash flows should be read in conjunction with the accompanying
notes.
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NOTES TO AND FORMING PART OF THE FINANCIAL STATEMENTS AT
31 DECEMBER 2004
1

Summary of Significant Accounting Policies
The financial statements have been prepared in accordance with the historical cost
convention. Cost in relation to assets represents the cash amount paid or the fair
value of the asset given in exchange.
The financial statements have been made out in accordance with applicable
accounting standards.
The accounting policies adopted are consistent with those of the previous year
unless otherwise specified.
(a) Depreciation
Depreciation is provided on a straight line basis on all tangible fixed assets,
other than freehold land, at rates calculated to allocate their cost or valuation
less estimated residual value, against the revenue derived over their estimated
useful lives.
(b) Income Tax
Tax effect accounting procedures are not applied as the Australian Centre for
Geomechanics is a tax free research and education centre run on a not for
profit basis.
(c) Income Recognition
Government grants are recorded as income when received.
Membership fees are recognised as income in line with the membership period
covered in the subscription.
(d) Employee Entitlements
Provision is made for long service leave and annual leave estimated to be
payable to employees on the basis of statutory and contractual requirements.
Vested entitlements are classified as current and non-current liabilities.
The contributions made to superannuation funds by the entity are charged
against profit.
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NOTES TO AND FORMING PART OF THE FINANCIAL STATEMENTS AT
31 DECEMBER 2004 (continued)

2

3

4

5

6

Operating Profit/(Loss)
(i) The operating profit/(loss) before
income tax is arrived at after
charging/(crediting) the
following items
Depreciation – plant & equipment
Provision for employee entitlements
(ii) Included in the operating
profit/(loss) are the following items
of operating revenue
Affiliate membership fees
Industry funding student projects
Project administration and staff time
Course fees and sponsorships
Publications and training materials
Interest – other persons/
corporations
Sale of vehicle
Revenue from Publication
Sponsorships
UWA Postgraduate Student
Support
Total revenue
Receivables
Other debtors
Partners receivables
Total receivables
Plant & Equipment
At cost
Provision for depreciation
Total plant & equipment
Creditors & Borrowings (current)
Trade creditors and accruals
Provisions (current)
Employee entitlements

2004
$

2003
$

12,363
84,523

13,379
45,000

67,000
10,0000
193,359
532,981
80,762

53,000
0
112,130
471,894
64,373

3,051
23,234

2,402
0

15,000

20,000

41,663
967,050

35,843
759,642

26,920
0
26,920

45,223
0
45,223

142,872
(82,306)
60,566

104,543
(74,027)
30,516

8,739

7,179

84,523

45,000
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NOTES TO AND FORMING PART OF THE FINANCIAL STATEMENTS AT
31 DECEMBER 2004 (continued)

7

8

Partner Contributions
Partner contributions
Movements for year
CSIRO
Opening balance
Contribution for year
Closing balance
WASM
Opening balance
Contribution for year
Closing balance
UWA Geomechanics
Opening balance
Contribution for year
Closing balance
DME (contribution mainly provided in-kind)
Opening balance
Contribution for year
Closing balance
UWA Geology**
Opening balance
Contribution for year
Closing balance
Statement of Cash Flows
Reconciliation of net profit/(loss) to the
net cash flow from operations
Net profit/(loss)
Changes in assets & liabilities
– Other debtors
– Trade creditors and accruals
– Employee entitlements provisions
Depreciation
Profit on sale of vehicle
Loss on sale of office furniture
Net cash flow from operating activities

2004
$

2003
$

243,980

243,980

60,320

60,320

60,320

60,320

60,320

60,320

60,320

60,320

60,520

60,520

60,520

60,520

2,500

2,500

2,500

2,500

60,320

60,320

60,320

60,320

(38,435)

(14,760)

18,303
1,560
84,523
12,363
0
0
78,314

28,643
5,884
45,000
13,379
0
0
78,146

We gratefully acknowledge the support of Ms Felicity Hughes – Business Analyst, Sons
of Gwalia Limited, who provided support in the preparation of the Financial Statement.
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publications 2004

BOOK AND BOOK CHAPTER (AUTHOR)
1. Potvin, Y., Stacey, D., Hadjigeorgiou, J., Yilmaz, H., Thin Spray-on
Liners (TSLs) – A Quick Reference Guide, Part 1 (Section 1 to 5)
of Surface Support in Mining, Published by the Australian Centre
for Geomechanics, ISBN 0-9756756-0-5, Perth 2004, pp. 3-43.
BOOK AND BOOK CHAPTER (EDITOR)
2. Potvin, Y., Stacey, D., Hadjigeorgiou, J., Surface Support in
Mining, Published by the Australian Centre for Geomechanics,
ISBN 0-9756756-0-5, Perth 2004, 416 pages.
3. Villaescusa E., Potvin, Y., Proceedings of the Fifth International
Symposium on Ground Support; Ground Support in Mining
and Underground Construction, A.A. Balkema Publishers,Taylor
and Francis Group ISBN 90 5809 640 8, Perth, September
2004, 659 pages.
PAPERS IN CONFERENCES, SYMPOSIA, JOURNALS AND
SEMINARS PROCEEDINGS (PEER REVIEWED)
4. Heal, D., Hudyma, M., Potvin, Y., Assessing the In-Situ
Performance of Ground Suppor t Systems Subjected to
Dynamic Loading, Proceedings of the Fifth International
Symposium on Ground Support; Ground Support in Mining and
Underground Construction, Eds Villaescusa & Potvin, A.A.
Balkema Publishers,Taylor and Francis Group, ISBN 90 5809 640
8, Perth, September 2004, pp. 319-326.

5. Hudyma, M., Potvin, Y., Seismic Hazard in Western Australian
Mines, Journal of the South African Institute of Mining and
Metallurgy, Vol. 104, no 5., Johannesburg, 2004, pp. 265-276.
6. Hudyma, M., Potvin, Y., Seismic Hazard in Western Australian
Mines, Proceedings of the Second International Seminar on
Deep and High Stress Mining, Symposium Series S37,The South
African Institute of Mining and Metallurgy, Johannesburg,
February 2004, pp. 1-22.
7. Potvin,Y., Hadjigeorgiou, J., Stacey, D., Surface Support in Mines:
Recent Shotcrete Applications, Proceedings of the Second
International Conference on Engineering Development in
Shotcrete, Editor S. Bernard, A.A. Balkema Publishers,Taylor and
Francis Group ISBN 04 1535 898 1, Cairns, October 2004, pp.
209-215.
8. Potvin, Y., Nedin, P., Controlling Rockfall Risks in Australian
Underground Metal Mines, Proceedings of the Fifth International
Symposium Ground Support in Mining and Underground
Construction, Eds Villaescusa & Potvin, A.A. Balkema Publishers,
Taylor and Francis Group ISBN 90 5809 640 8, Perth,
September 2004, pp. 359-366.
9. Stacey, D., Hadjigeorgiou, J., Potvin,Y.,The Status of Thin Sprayon Liners and Some Applications Relevant to Massive Mining,
Proceedings of MassMin 2004, Instituto de Ingenieros de Chile
ISBN 141.270, Santiago, August 2004, pp. 329-335.

ACG MEMBERSHIP
During 2004, the Australian Centre for Geomechanics
welcomed onboard Coffey Geosciences Pty Ltd, Gold Fields Ltd
and Rock Engineering (Aust.) Pty Ltd as the newest members of
the Corporate Affiliate Program, and Mr Andrew Murie as our
latest Technical Affiliate. Corporate and technical affiliate
members assist the ACG to provide research excellence,
training and education in the geomechanics disciplines. These
memberships are fundamental in alerting funding bodies of the
need to support the Centre. Contributions by affiliates are used
by the Centre to promote research excellence, education and
training in Geomechanics areas.

Gold Fields Ltd
Henry Walker Eltin Contracting
Kalgoorlie Consolidated Gold Mines Pty Ltd
Newmont Australia Limited
Placer Dome Asia Pacific
Rock Engineering (Aust.) Pty Ltd
Sons of Gwalia Ltd
SRK Consulting
WMC Resources Ltd

The ACG was delighted to have 16 Corporate and Technical
Affiliate Members for 2004.

TECHNICAL AFFILIATES
Mr M. Sandy (AMC Consultants Pty Ltd)
Mr A. Murie (Golder Associates Pty Ltd)

CORPORATE AFFILIATES
AngloGold Ashanti Australia Ltd
Argyle Diamond Mines Pty Ltd
Barrick Gold of Australia Ltd
BHP Billiton Iron Ore Pty Ltd
Coffey Geosciences Pty Ltd

The Australian Centre for Geomechanics Board of Management
comprises of an independent Chairman, Director of the Centre
and industry and joint venture par tner representatives.
The Board meets up to four times a year to present strategic
direction for the Centre, review and approve activities and
operations and to provide counsel.
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management structure

Industry Partners

Joint Venture Partners

Industry Board Members

Board of Management

JV Partner Representatives

Corporate Affiliate Members

Centre Directorate

CSIRO
Division of Exploration and Mining
Curtin University of Technology
Western Australian School of Mines

Technical Affiliate Members
Director

University of Western Australia
Department of Civil and Resource
Engineering – Geomechanics Group

Technical Staff

Administrative Staff

The Australian Centre for Geomechanics Board of Management comprises of an independent Chairman, Director of the Centre and
industry and joint venture partner representatives. The Board meets up to four times a year to present strategic direction for the
Centre, review and approve activities and operations and to provide counsel.

AUSTRA L IA N C E NT R E F O R G E O ME CH A NI CS
JV Partner Representatives
(3)
Dr Steve Harvey
(CSIRO DEM)
Professor Peter Lilly
(Curtin University of Technology –
WASM)

Industry Representatives
(up to 4)
Chair (from industry)
Mr Andrew Grubb
AngloGold Ashanti Australia Ltd
Centre Director (non-voting)
Professor Yves Potvin
(Australian Centre for Geomechanics)

Professor Mark Bush
(The University of Western Australia
– Civil & Resource Engineering)
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Mr Mark Adams
(WMC Resources Ltd)
Mr Allen Cockle
(Newmont Australia Ltd)
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