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The  Australian Centre for
Geomechanics plays a unique and
importantroleinresearch,education
and training in the geomechanics
disciplines. It operates as a not-
for-profit joint venture between
the CSIRO and The University of
Western Australia, with the core of
its work focussed upon improving
the safety of mining operations.
In this endeavour it is completely
aligned with the objectives of the
mining industry, and this is a key reason for the strong
support and funding it attracts from mining companies.

\

Mr lan Suckling
chairman

The ACG has established an enviable track record as a
source of development and support for geotechnical
professionals and other mining staff, blending academic
rigor with an understanding of the practical requirements
of mining practice.

The ACG’s efforts in research and technology transfer
are directed towards a greater understanding of risks and
challenges that confront the mining industry, and towards
the development of tools to help manage them. The
Director has noted in his report that as well as advancing
its established research and technology works, such as the
tremendously successful mXrap, it has added further to its
portfolio of research projects. The direction of this research
is, as with the direction of educational and training efforts,
governed by the needs of the industry, with demand for
its work coming from both within Western Australia and
around the world. The pursuit of improvements to safety
standards within mines that seek to exploit minerals from
increasing depths in increasingly challenging geotechnical
environments underpins that demand.

In previous reports, | noted how the mining industry
supported the ACG through the vagaries of the economic
cycle, with the ACG nevertheless having to adjust and
modify its activity toaccommodate changesin the industry’s
appetite for some of its services. Thus, throughout the cycle,
the ACG remains firmly focussed on ensuring that the funds
at its disposal are husbanded with a view to maintaining a
robust core of activity, and delivering excellent value in
return for the industry’s investment. The volume of high
quality work the ACG produces; the increasing demand for
its work across all spheres; and the growth in attendances
at its conferences, seminars and symposia all attest to its
success in this.

Those who interact with the ACG will know that its updated
and expanded website includes an invaluable source of

reference material, with the Online Repository offering for
free download its highly regarded peer-reviewed papers
from its conferences and symposia. The Online Repository
was launched in 2017 and has continued to develop and
grow, making the ACG’s resources more accessible to the
public.

My fellow board members at the time of this report are
Professor John Dell from The University of Western
Australia; Dr Ewan Sellers from CSIRO Mineral Resources;
Dr Dan Heal from BHP; Michael Dunn from Evolution
Mining; Dr German Flores-Gonzales from Newcrest Mining;
and Nan Wang from MMG. [, and the ACG’s management,
have benefited from their wise counsel and | thank them for
it.

However, as I've observed previously, the Board has the
immense advantage of having the oversight of a first-rate
organisation, led by its Director, Professor Yves Potvin,
Business Manager, Christine Neskudla, and Marketing
Manager, Josephine Ruddle. This management team has
made outstanding contributions to the success of the ACG,
which celebrated its twenty-fifth year of achievement in
2017. Christine and Josephine have been fundamental to
the ACG'’s success from the outset, and Yves has been its
leader for close to twenty years of his distinguished career.

In turn, the management team have been fortunate that the
ACG has been able to recruit and retain staff of the highest
calibre. The current team includes Dr Johan Wesseloo,
who has continued to expand his leadership of research
projects and conferences; Professor Phil Dight, who has
lent his considerable reputation to the advancement of the
group’s open pit work; Paul Harris, the value of whose work
on mXrap is apparent from its tremendous international
demand; Garth Doig, who produces the ACG’s high-quality
conference proceedings and Candice MclLennan, who
produces the ACG marketing collateral and, along with
Garth, maintains the ACG websites.

On behalf of the Board | thank those named for their
work in ensuring ACG’s great success in 2017-2018. | also
acknowledge that this success would not have been achieved
without the efforts of many others who | am unable, in a
report like this, to thank individually. These include staff of
ACG, UWA and mining companies involved in research and
related work; students; sponsors and attendees at ACG
events. Thank you all.

yys

Mr lan Suckling - ACG board chairman



The mining industry’s downturn
has impacted all mining service
providers since 2013, including
the ACG. However, years 2017
and 2018, covered by this report,
have shown a strong recovery.
The Centre’s operating budget in
2017 presented a modest $1.8M,
followed by a significant increase
to $2.45M in 2018. This was to a
large extent the result of increased

Professor‘ ACG international conference
Yves Potvin . .
director attendance and sponsorship, onsite

training activities, as well as industry
support of ACG research.

The ACG domestic training event programme scaled down
in recent years and, as such, attendance to 2017 and 2018
workshops and seminars remained modest. However,
onsite training requests increased and numerous, targeted
site-specific training courses were conducted.

The conferences hosted by the ACG during the period
covered by this report proved successful and included the:

e Eighth International Conference on Deep and High
Stress Mining, Perth, Western Australia, 28-30 March
2017

e  First International Conference in Underground Mining
Technology, Sudbury, Canada, 11-13 October 2017

e 21st International Seminar on Paste and Thickened
Tailings, Perth, Western Australia, 11-13 April 2018

e  Fourth International Symposium on Block and Sublevel
Caving, Vancouver, Canada, 15-17 October 2018

The ACG’s increased focus on securing research funds to
alleviate our dependence on income from our training and
further education activities continued to prove successful.
| am pleased to report some of the success stories from this
initiative.

In June 2017, the project entitled “Probabilistic Stope
Design” commenced, supported by seven mining companies
and the Minerals Research Institute of Western Australia,
with a budget of $430K over two years. This is a new and
exciting area of research for the ACG.

In September 2018, the second phase of the international
collaborative research project entitled, “Ground Support
Systems Optimisation” commenced. This project, funded
by industry and the Minerals Research Institute of Western

Australia, has a budget of $2.08M over three years.

In October 2018, a three year project entitled “Safe,
Sustainable Management of Filtered Tailings” commenced,
supported by five companies and the Minerals Research
Institute of Western Australia, with a budget of $482,500.

A small research project entitled, “Evidence-based Design
and Practical Implementation of Protocols to Manage the
Exposure of Personnel to Seismic Hazard in Underground
Mines“ was also secured in mid-2018, which supports a
three-year PhD scholarship.

In early 2018, a small research project commenced entitled,
“Advancing the Physical and Numerical Modelling of Caving
Mechanics” thanks to the financial support from Newcrest
mining. This project is being carried out in collaboration with
the University of Pretoria, South Africa.

The mXrap Consortium, a vehicle to continue development
work in the field of mine seismicity, grew considerably. In
2017 and 2018, the consortium counted over 25 industry
members from five continents. Many members have
multiple licences for their various mine sites, with an annual
budget of $630K in 2017 and $794K in 2018.

With a growing research portfolio, and encouraging signs
of recovery in the mining sector, we are well-positioned for
significant growth during the next few years.

The ACG fostered the completion of two PhDs during the
2017-2018 period, thus helping to fill the gap of mining
geomechanics specialists that the industry will depend upon
for mining the deeper and more challenging resources of the
future.

(R
T

Professor Yves Potvin - director



mXrap Consortium

mXrap is a geotechnical data analysis and monitoring
platform providing a technology transfer tool for the ACG
to translate research outcomes into site ready tools. The
software is very versatile, enabling a wide application
across different areas of the geomechanics field. The
software is being used as a technology transfer tool for
several research projects, with the Consortium members
and research sponsors receiving software apps with which
they can implement the research outcomes onsite. This has
contributed to several research organisations becoming
members of the mXrap Consortium.

The software originated as part of the Mine Seismicity and
Rockburst Risk Management project and many of the apps
are focussed towards the management of mining-induced
seismicity and rockburst risk. The below suite of apps has
been developed to date, providing tools for the analysis
and interpretation of mining induced seismicity and the
management of seismic risk.

e  General analysis

e  Grid based analysis

e Planefitting app

e Hazard assessment

e  Rockburst damage potential
e Largeevent analysis

e Omorianalysis tools

e  Seismic event quality

e  Systemdesign

e Seismic-production balance
e  Moment tensor analysis

In recent years, the project also developed non-seismic
geotechnical apps.

e Blockcaving apps

e  Sublevel caving app

e Mine geometry modelling app
e Damage mapping app

e |Instrumentation apps

Several apps are planned for future technology transfer of
the following ACG projects:

e  Ground support systems optimisation

e Stope reconciliation project

The software also seeks to facilitate international
collaboration between the following research groups:

Laurentian University, Canada

Lulea University of Technology, Sweden

Université Laval, Canada

University of Santiago, Chile

Spokane Mining Research Department (NIOSH), USA
University of the Witwatersrand, South Africa

Software licences are only available to mXrap Consortium
members. Membership fees are directly related to the
number of licences required by the consortium member.

CONSORTIUM MEMBERS
Agnico Eagle LaRonde and Goldex Mines, Canada

Alamos Gold Young Davidson Mine, Canada
BHP Billiton Olympic Dam, Australia

BHP Nickel West Perseverance Mine, Australia
Boliden Mineral AB Garpenberg Mine, Sweden
ERM Golden Grove, Australia

Continued overleaf
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CONSORTIUM MEMBERS CONTINUED mXrap DEVELOPMENT TEAM

Glencore Ernest Henry Mine, Australia
Glencore Kidd Operations, Canada

Glencore Sudbury Integrated Nickel Operations, Canada .
yinteg P Associate Professor Johan Wesseloo

Goldcorp Eléonore Mine, Canada Project Leader

Gold Fields Australia Pty Ltd Agnew, Granny Smith, Lawlers
and St lves Operations, and Perth Office, Australia

Gold Fields Limited South Deep, South Africa
Hecla Lucky Friday Mine, USA
IAMGOLD Corporation Westwood Mine, Canada

Gerhard Morkel

Research Engineer
Independence Group NL Long-Victor Operations, Australia

Kalgoorlie Consolidated Gold Mines Mt Charlotte and Super Pit
Operations, Australia

Kirkland Lake Gold Inc., Canada

Luossavaara-Kiirunavaara AB Kiruna and Malmberget Mines,
Sweden

MMG Limited Rosebery Mine and Melbourne Office, Australia

Newcrest Limited Cadia Valley and Telfer Operations, and
Perth Office, Australia

Newmont Australia Tanami Mine, Australia

Paul Harris
Software Engineer

Northparkes Mines Lomex Operations, Australia Dr Matthew Heinsen Egan

Northern Star Kanowna Belle, Raleigh, Kundana Operations, Software Engineer

and Perth Office, Australia
Perilya Broken Hill Mine, Australia

PT Freeport Indonesia Grasberg Mine, Indonesia

Red 5 Limited Darlot Mine, Australia PART-TIME TEAM MEMBERS
South32 Cannington Operations, Australia Stuart Tierney
St Barbara Limited Gwalia Mine, Australia Research Assistant
Vale Canada Ltd. Coleman, Creighton, Totten, Garsen, and Dr Dan Cumming-Potvin
Copper Cliff Mines, and Sudbury Office, Canada Geotechnical Engineer
Western Areas NL Flying Fox and Spotted Quoll Mines, Dr Kyle Woodward
Australia Geotechnical Engineer
For more information please visit: www.mxrap.com, or contact:  Chun Ho

info@mxrap.com Software Engineer




Dr Michele Salvoni
PhD Civil and Resource Engineering
2017

Thesis title: Rock Damage Assessment in a Large
Unstable Slope from Microseismic Monitoring -
MMG Century Mine Case Study

Supervisors: Professor Phil Dight, Australian
Centre for Geomechanics; Professor Arcady
Dyskin, The University of Western Australia

Movements, instability and failures in open pit mines
can pose important geotechnical problems, leading to
major impacts on the safety of personnel and the mining
operations. In particular, large slope-scale rockslides
represent a significant challenge, as these types of
instabilities require accurate observations and monitoring.
However, in many cases engineers can only rely on
surface displacements for their interpretation of the
failure mechanism because there is no information on the
extension of the deformation into the slope. More recently,
several attempts have been made to monitor the volume
of rock of unstable slope in open pit and natural slopes,
using the microseismic technique. Nevertheless, the link
between ground deformations, failure mechanism and
microseismic data was rarely addressed in the details of
these studies.

In this paper, a case study of the SW Wall instability at
Century mine (Queensland, Australia) is discussed. Since
2009, the pit wall has been affected by several multi-
batter failures, associated with continuous bedding planes.
Geotechnical investigations, supported by numerical
modelling, have interpreted those instabilities as potential
development of deep-seated failure. Consequently, in early
2013, the slope angle at the base of the slope was reduced
and a buttress was left to avoid further progression of
the instability into the lower section of the wall. Slope
performance while mining has been primarily managed
through surface monitoring (geodetic prisms and ground-
based radar). However, as there were still concerns, a
microseismic monitoring program was proposed by MMG
geotechnical personnel and subsequently implemented....

For further information about this project, please refer to the
ACG’s 2013/2014 Biennial Report, pp. 10-13. To view, visit:
https://acg.uwa.edu.au/newsletters-annual-reports/ or visit
The University of Western Australia’s Research Repository.

Dr Daniel Cumming-Potvin
PhD Civil and Resource Engineering
2018

Thesis title: An Extended Conceptual Model of
Caving Mechanics

Supervisors/Advisors: Associate Professor Johan
Wesseloo, Australian Centre for Geomechanics;
Professor Richard Durham, The University of
Western Australia; Professor Dick Stacey (external
advisor), University of the Witwatersrand

The Duplancic conceptual model is the industry accepted
model of caving and is the framework within which most
results from numerical modelling and cave monitoring are
interpreted. The Duplancic conceptual model implies that
the damage ahead of the cave back decreases continuously
with increasing distance from the cave surface. A review
of literature revealed a number of studies which indicated
that the damage ahead of the cave may be discontinuous.
These studies came from a variety of sources including site
observations, numerical modelling, physical modelling and
analysis of microseismicity.

A physical modelling programme was undertaken to
investigate the fracturing and propagation of the cave.
The testing was performed at the University of Pretoria’s
Geotechnical Centrifuge facility to correctly account for
the body forces of the problem. The experiments were
two-dimensional to allow for visual observations of the
failure process. The results showed the cave propagating
through a series of fractures oriented parallel to the cave
surface. The cave back progressed vertically via ‘jumps’
to the next successive parallel fracture. This caving
mechanism is termed ‘fracture banding’. Field monitoring
data from three mines was used to confirm the existence of
the damage discontinuity ahead of the cave.

The microseismicity from three mines was examined and
multiple examples of discontinuity were found. Bands
of events alternated with areas where few events were
observed, indicating failure in a similar manner to the
parallel fracturing of the physical model. Videos of open
hole dipping from two mines were reviewed and the
location of significant shears, dislocations and the cave
back were recorded...

For further details, refer to: https://research-repository.uwa.
edu.au/en/publications/an-extended-conceptual-model-of-
caving-mechanics



For an underground mine, the creation of value from
mining open stopes is extremely sensitive to the quality of
stope design and execution, particularly with regards to
the performance of individual stope extraction in terms of
dilution and ore recovery. For example, a stope with high
dilution (high overbreak) or low recovery (high underbreak)
will likely produce negative value for a mine, whilst
maximum value will be obtained from stopes with minimum
overbreak and minimum underbreak. The emphasis of this
ACG research project is the optimum design of open stopes.
This innovative and timely research project commenced in
late 2017. The project team comprises Kyle Woodward, Yves
Potvin and Johan Wesseloo.

Open stope design approaches and tools have not evolved
significantly since the 1980s and the stability graph method
(Mathews et al. 1980; Potvin 1988), is used extensively
in industry. Amongst the advancements, the widespread
application of the cavity monitoring system (CMS) (Miller
et al. 1992) has allowed to capture accurate overbreak and
underbreak data at most mines for well over two decades.
Therefore, there is a wealth of data at most mine sites on
stope performance, in particular stope overbreak and
underbreak. However, it is argued that this data has not been
used toits full potential. This is evidenced in literature by the
continuous application of the same stability graph (Potvin
1988).

An exception is the concept of Equivalent Linear Overbreak
Sloughing (ELOS) developed by Clarke and Pakalnis (1997).
ELOS has offered a methodology to assess overbreak,
initially in narrow vein mining. Capes (2009) has extended
the original Clark’s database significantly and has also
extended the applicability of the methodology to open stope
design, with some forecasting capability.

Although some mines use the ELOS concept, unfortunately,
overbreak forecasting based on sound statistical methods
has not been widely embraced by industry and remains
almost non-existent at mine sites. Given the extensive
stope performance data available at most mine sites, there
is a good opportunity to further the use of probabilistic
forecasting methods for overbreak and open stope dilution.

Another obvious gap in open stope performance assessment
and stope optimisation processes is the estimation and
forecasting of underbreak. Potvin et al. (2015) noted that in

the evaluation of stope reconciliation, very little attention
had been given to the amount of underbreak. This is
surprising given that the underbreak is likely as costly, if not
more costly, than the overbreak. Potvin et al. (2016) highlight
that the optimisation of overbreak and underbreak are
generally conflicting and effort towards reducing overbreak
may result in increasing the underbreak. This emphasises
the importance of having good stope reconciliation tools and
procedures that can translate into future stope performance
optimisation.

Research Objective

The focus of this research is to develop and implement at
five sponsor sites a method and associated tools to enable
a probabilistic approach to stope design and reconciliation.
The idea is to enable better stope design decisions and,
therefore, to facilitate stope optimisation by informing
designers on the probability of overbreak and underbreak
outcomes from different design scenarios.

The ACG acknowledges the following project
sponsors:

Agnico Eagle Mines Ltd., Canada

BHP, Olympic Dam

Glencore, Mount Isa Mines

Gold Fields Australia Pty Ltd, Granny Smith
Hecla Mining Company, Canada

IAMGOLD Corporation, Westwood Mine
MMG Limited

Minerals Research Institute of Western Australia
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The ACG research portfolio has grown considerably during
the reporting period, our major research projects underway
are summarised below:

Probabilistic stope design
2 year project (commenced August 2017)
Budget: $430,000

Key researchers: Professor Yves Potvin, Dr Kyle Woodward,
Associate Professor Johan Wesseloo

Sponsors: Agnico Eagle Mines Ltd., Canada; BHP Olympic
Dam; Glencore Mount Isa Mines; Gold Fields Australia
Pty Ltd, Granny Smith; Hecla Mining Company, Canada;
IAMGOLD Corporation, Westwood Mine, Canada; MMG
Limited; and the Minerals Research Institute of Western
Australia.

The focus of this research is to develop and implement, at
five sponsor sites, a method and associated tools to enable
a probabilistic approach to stope design and reconciliation.
The idea is to enable better stope design decisions and,
therefore, to facilitate stope optimisation by informing
designers on the probability of overbreak and underbreak
outcomes from different design scenarios.

For further details, please visit: https://acg.uwa.edu.au/stope-
reconciliation/

Rock properties to predict rockburst vulnerability in
three dimensions

4 year project (commenced October 2016)
Budget: $2,140,000
Key researchers: Professor Phil Dight, Dr Ariel Hsieh

Sponsors: Aeris Resources, Tritton Resources Limited;
Agnico Eagle Mines Ltd., LaRonde Mine; AngloGold Ashanti
Australia, Sunrise Dam Gold Mine; BHP Olympic Dam;
BHP Nickel West; Ernest Henry Mining Pty Ltd (a Glencore
Company); Gold Fields Australia Pty Ltd, Granny Smith Mine;
Gold Fields Australia Pty Ltd, Agnew and St Ives Gold Mines;
IAMGOLD Corporation, Westwood Mine; Luossavaara-
Kiirunavaara AB, Kiruna and Malmberget Mines; Newcrest
Mining Limited, Cadia Valley Operations; Northern Star
Resources Limited, Kalgoorlie Operations; Sudbury
Integrated Nickel Operations (a Glencore Company), Nickel
Rim South Mine; and the Minerals Research Institute of
Western Australia.

This ACG research project aims to equip the mining industry
with support systems knowledge to mitigate strainburst/
rockburst risk. The ultimate benefit of the project to the
mining industry will lead to fewer mines closing due to
rockburst and help identify approaches for reducing the
consequences of rockbursts, in particular, by designing more
appropriate support systems. This will contribute to making
deep mines safer and more sustainable in the future.

For further details, please visit:
strainburst-research-project/

https://acg.uwa.edu.au/

Ground support systems optimisation (GSSO) Phase 2
3 year project (commenced September 2018)
Budget: $2,081,250

Key researchers: Professor Yves Potvin, Professor John
Hadjigeorgiou (Toronto University), Associate Professor
Johan Wesseloo

Major sponsors: Agnico Eagle Mines Ltd., Canada; BHP
Olympic Dam; Gold Fields of Australia Pty Ltd; IAMGOLD
Corporation, Westwood Mine; Independence Gold NL;
Newcrest Mining Limited; and the Minerals Research
Institute of Western Australia.

Minor sponsors: DYWIDAG-Systems International; Fero
Strata Systems Pty Ltd; Garock Pty Ltd; Jennmar Australia
Pty Ltd; New Concept Mining South Africa; and Sandvik
Mining & Rock Technology.

The overall objective of GSSO Phase 2 will be to develop new
tools and guidelines for ground support design in extreme
ground conditions (more specifically in rockbursting and
squeezing ground) and advancing the use of probabilistic
approaches in mining geomechanics. These objectives are
reflected in the two main research themes proposed: ground
support in extreme ground conditions and ground support
optimisation and the use of probabilistic approaches.

For further information, visit: https.//gsso.com.au/phase-2/

Safe, sustainable management of filtered tailings

3 year project (commenced October 2018)

Budget: $482,500

Key researchers: Professor Andy Fourie, Dr Jinglong Gao

Sponsors: Alcoa of Australia; Alumina Quality Workshop
(AQW) - currently represented by South32; BHP; Rio Tinto;
The International Aluminum Institute, UK; and the Minerals



Research Institute of Western Australia.

The key objective of this project is to facilitate the widespread
adoption within the mining and processing industry of filtered
and stacked tailings as a viable, safe and cost-effective
management strategy.

For further information, please visit: https://acg.uwa.edu.au/
filtered-tailings-project/

Evidence-based design and practical implementation
of protocols to manage the exposure of personnel to
seismic hazard in underground mines

3 year project (commenced June 2018)
Budget: $300,000

Key researchers: Mr Stuart Tierney (PhD Student), Associate
Professor Johan Wesseloo

Sponsors: IAMGOLD Corporation, Canada; Luossavaara-
Kiirunavaara AB, Sweden; Newcrest Mining Limited; and the
Australian Centre for Geomechanics.

This project will focus on providing proven and quantified
methodologies for short-term seismic hazard assessment
and exposure control measures that can be practically
implemented on site. Improvements in this area will
reduce the risk of injuries to personnel and reduce the lost
production resulting from unnecessary exclusions.

Advancing the physical and numerical modelling of
caving mechanics

2 year project (commenced May 2018)
Budget: $98,000
Sponsor: Newcrest Mining Limited

Key researchers: Associate Professor Johan Wesseloo,
Dr Daniel Cumming-Potvin

This project aims to improve the industry’s understanding
of cave propagation. It involves testing of physical models
of caving using a geotechnical centrifuge in order to visually
observe cave propagation,something whichis not achievable
in caving mines. The results of the testing are used to
calibrate numerical models, as well as to learn about caving
mechanisms and the link between caving and seismicity.
This project is being performed in collaboration with the
Geotechnical Centrifuge Laboratory at the University of
Pretoria’s Civil Engineering Department (UPCE) in South
Africa.

For further information, please visit: https://acg.uwa.edu.au/
cave-prop/

Blast testing of ground support at Cadia Mine
2 year project (commenced November 2018)
Budget: $275,000

Key researchers: Professor Yves Potvin, Associate Professor
Johan Wesseloo, Dr Daniel Cumming-Potvin

Sponsor: Newcrest Mining Limited

This project involves testing of ground support capacity
in order to improve measures to limit rockburst damage
following blasting at the Cadia underground mine. Ground
support is one of the main control measures used to limit
rockburst damage in underground mines and thus control
the seismic risk. In order to minimise damage, the capacity
of the installed ground support should exceed the demand
placed on it by the rockburst, and the components of the
support system should work as a unit.

Review of managing seismicity following blasting at
Perseverance

6 month review project 2018
Sponsor: BHP Billiton Nickel West

Key researchers: Dr Daniel Cumming-Potvin, Mr Stuart
Tierney (PhD student), Professor Yves Potvin

The project is aimed at identifying the best re-entry strategy
for Perseverance (based on back-analysis) and the limitations
of thisre-entry strategy in order to aid in the development of
asite re-entry procedure.

Review of managing seismicity following blasting at
Cadia East

6 month review project 2018
Sponsor: Newcrest Mining Limited Cadia Mine

Key researchers: Dr Daniel Cumming-Potvin, Mr Stuart
Tierney (PhD student), Professor Yves Potvin

The project is aimed at identifying the best re-entry strategy
for Cadia Mine (based on back-analysis) and the limitations
of this re-entry strategy in order to aid in the development
of asite re-entry procedure.



During 2017 and 2018, the ACG'’s further education and
training programme attracted a substantial number of mining
professionals. As aleading provider of specialist and advanced
training and education for those in mining and environmental
geomechanics, the ACG successfully supported industry to
reach their business and training objectives.

THEACG’S

PROVIDES A SOLID BASE FOR THE
TRANSFER OF

BASED ON KNOWLEDGE GATHERED FROM LOCAL AND
INTERNATIONAL SOURCES

2017 EVENTS

Analysing and Measuring Seismicity Using mXrap
(Consortium members only)
Perth, Western Australia, 23-25 March 2017

Ensuring High Quality Seismic Data for the Mining
Industry Workshop
Perth, Western Australia, 27 March 2017

Eighth International Conference on Deep and High
Stress Mining
Perth, Western Australia, 28-30 March 2017

Developments in Rock Stress Measurements and
Monitoring Seminar
Perth, Western Australia, 30 March 2017

Static Liquefaction Workshop
Perth, Western Australia, 26 April 2017

Management, Operation and Relinquishment of
Tailings Storage Facilities Seminar
Perth, Western Australia, 27-28 April 2017

Instrumentation and Slope Monitoring Seminar
Perth, Western Australia, 2-3 May 2017

Management of Moving and Unstable Slopes
Workshop
Perth, Western Australia, 4 May 2017

Blasting for Stable Slopes Short Course
Perth, Western Australia, 6-8 June 2017

Ground Support in Open Pit and Underground
Mining Short Course
Perth, Western Australia 23-25 August 2017

Strainburst in Mining International Seminar - How
to Mitigate the Consequences
Sudbury, Canada, 10 October 2017

First International Conference in Underground
Mining Technology
Sudbury, Canada, 11-13 October 2017

Shotcrete Design and Performance Workshop
Gold Coast, Queensland, 19 October 2017

2018 EVENTS

Static Liquefaction Workshop
Melbourne, Victoria, 6-7 March 2018

Instrumentation and Slope Monitoring Workshop
Seville, Spain, 9 April 2018

InSAR, Radar and Emerging Technologies Workshop
Seville, Spain, 10 April 2018

Rheology Fundamentals for Slurries and Pastes
Workshop
Perth, Western Australia, 9 April 2018

Is the Future Filtered? Paste and Thickened Tailings
Short Course
Perth, Western Australia, 10 April 2018

21st International Seminar on Paste and Thickened
Tailings
Perth, Western Australia, 11-13 April 2018

Practical Rock Mechanics in Mining Short Course
Perth, Western Australia, 14-16 May 2018

Managing Seismic Risks in Underground Mines
Short Course
Perth, Western Australia, 17-18 May 2018

Geotechnical Systems That Evolve With Ecological
Processes Short Course
Leipzig, Germany, 3 September 2018

Fourth International Symposium on Block and
Sublevel Caving
Vancouver, Canada, 15-17 October 2018

Ground Support in Cave Mining Workshop
Vancouver, Canada, 18 October 2018

Geotechnical Engineering for Open Pit Mines
Perth, Western Australia, 23-25 October 2018

Instrumentation and Slope Monitoring Workshop
Perth, Western Australia, 26 October 2018

Static Liquefaction Workshop
Brisbane, Queensland, 30 October - 1 November 2018

Management, Operation and Relinquishment of
Tailings Storage Facilities
Perth, Western Australia, 28-29 November 2018



The ACG’s onsite training courses seek to deliver the latest
technologies and information to the mining workforce in
accordancewithsite specificrequirementsand applications.
Our training and further education platform provides a
solid base for the transfer of technological developments
and practices based on knowledge gathered from local and
international sources.

2017 & 2018 ONSITE TRAINING

Management and Operation of Tailings Storage
Facilities

Newmarket Gold Inc., Stawell Gold Mines, 30 January -
1 February 2017

Geotechnical Engineering for Open Mines

Evolution Mining, Cowal Gold Operations, 31 January -
2 February 2017

Ground Support Systems for Underground Mines
Training Course
Hellas Gold S.A. Greece, 19-21 June 2017

Geomechanics Data in Underground Mines
Training Course
Hellas Gold S.A. Greece, 22, 23 and 26 June 2017

Geomechanics Design for Underground Mines
Training Course
Hellas Gold S.A. Greece, 27-29 June 2017

Management and Operation of Tailings Storage
Facilities

AngloGold Ashanti, Tropicana Operations, 16-17 April
2018

Management and Operation of Tailings Storage
Facilities

AngloGold Ashanti, Sunrise Dam Operations, 18-19 April
2018

Geotechnical Engineering for Open Pit Mines

Gold Fields of Australia, St Ives Operations, 12-13 June
2018

Ground Support Systems

Glencore Mount Isa Mines Copper Operations, 24-26 July
2018

Geomechanics Data

Glencore Mount Isa Mines Copper Operations,

7-9 August 2018

Geomechanics Design

Glencore Mount Isa Mines Copper Operations,
21-23 August 2018

Ground Control Training Course

Glencore Mount Isa Mines George Fisher Operations,
4-7 September 2018

Geotechnical Awareness Training for Open Pit
Mines

SIMEC Mining, Whyalla Operations, 31 October -
1 November 2018

The ACG has more than 18 years of experience in hosting
international mining events throughout Australia that
have regularly attracted between 100 and 350 local and
international mining professionals. Our dedicated team
of event organisers is 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,
committees, programme development etc.

The ACG also has a dedicated publications 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 the
Witwatersrand, South Africa; University of Reading, UK;
Universidade Federal de Minas Gerais, Brazil; The University
of British Columbia, Canada; University of Science and
Technology Beijing, China; Laurentian University, Canada;
Pontificia Universidad Catolica de Chile; and UNSW Sydney,
the ACG s pleased to have been the founding body and/or key
collaborator for the following event series:

e International Seminars on Paste and Thickened
Tailings

e International Conferences on Mine Closure

e International Conferences on Deep and High Stress
Mining

e International Conference on Underground Mining
Technology



ON THE HORIZON

First International Conference on Mining
Geomechanical Risk (MGR2019)
Perth, Western Australia, 9-11 March 2019

This is the first ACG conference on the topic of mining
geomechanical risk which will provide a forum for mining
geomechanical practitioners around the world to improve on
assessing, quantifying, communicating and managing mining
geomechanical risk to maximise shareholder value and advance
mine safety.

www.mgr2019.com

22nd International Conference on Paste, Thickened
and Filtered Tailings (Paste2019)
Cape Town, South Africa, 8-10 April 2019

The ACG is delighted to hold this conference in Cape Town in
collaboration with Paterson & Cooke. This is the fifth time that
the event will be held in Southern Africa: Pilanesberg (2001),
Cape Town (2004), Botswana (2008) and Rustenburg (2012).

www.paste2019.co.za

13th International Conference on Mine Closure
(MC2019)
Perth, Western Australia, 3-5 September 2019

The series of International Conferences on Mine Closure is a
fixture on the calendars of many mining professionals, providing
topical and high quality papers and presentations on a range of
topics of immediate interest and relevance. A key feature of the
conference series is the diversity of disciplines and expertise
that come together to focus on the pressing issues facing the
mine closure community globally. It comes back to Australia on
athree-year rotation.

www.mineclosure2019.com

Ninth International Symposium on Ground Support in
Mining and Underground Construction (GS2019)
Sudbury, Canada, 23-25 October 2019

Following on from previous symposia, the Australian Centre
for Geomechanics, Associate Professor Marty Hudyma,
Laurentian University, and Professor John Hadjigeorgiou,
Toronto University, are delighted to host the Ninth
International Symposium on Ground Support in Mining and
Underground Construction at the Radisson Hotel Sudbury in
October 2019.

www.groundsupport2019.com
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Event delegate numbers - increasing attendance reflects the mining industry picking up after the 2015-2016 downturn




STATEMENT OF FINANCIAL POSITION AS AT 31 DECEMBER 2018

2018 2017 2016
A$ A$ A%

Cash 2,499,258 1,850,813 1,617,542
Receivables 0 0] 0
Total current assets 2,499,258 1,850,813 1,617,542
Plant and equipment 503 5,351 10,199
Total non-current assets 503 5,351 10,199
Total assets 2,499,761 1,856,164 1,617,542
Creditors and borrowings 0 0 0
Provisions (leave liabilities) 379,262 342,802 293,963
Total current liabilities 379,262 342,802 293,963
Net assets 2,120,499 1,513,362 1,323,579
Shareholder’s equity

Partner contributions 243,980 243,980 243,980
Retained profits/acc (losses) 1,876,519 1,269,382 1,079,599
Total shareholder’s equity 2,120,499 1,513,362 1,323,579

The balance sheet should be read in conjunction with the accompanying notes.




INCOME STATEMENT FOR THE YEAR ENDED 31 DECEMBER 2018

Income

Affiliate membership fees

Project administration

Project income - staff time

Project income - contacts and reimbursements
Event fees and sponsorships
Publications and training materials
Publications contracts and sponsorships
Interest

UWA student and research allocation
Industry funded special projects

Total income

Expenses

Personnel

Personnel - relocation expenses

Provisions - leave liability (increase/decrease)
Office space incl. furniture and computers
Project and contract related expenses
Events, training and royalties

Travel, conferences and MV allowances
Operating overheads incl. printing
Professional services

Depreciation

Loss on trade-in of vehicle

Production specialist publications

Student related expenses incl. special projects

Total expenses
Net profit (loss)
Opening retained earnings
Closing retained earnings

2018 2017 2016

A$ A$ A$
40,000 59975 55,000
180,086 140,573 152,213
212,131 246,278 277,547
124,154 260,295 96,978
1,681,918 1,014,946 842,649
41,291 55,221 64,591
0 0 0
16,140 16,046 15,682
60,322 0 60,322
102,000 -289 67,286
2,458,042 1,793,045 1,632,268
1,158,271 1,046,918 1,085,513
0 0 0
36,460 48,838 33,402
0 0 0
150,190 69,925 68,076
422,720 336,383 263,324
12,980 13,081 21,938
54,087 55,258 75,738
0 18,500 20,000
4,848 4,848 5,009
0 0 0
108 0 0
11,241 19,709 9,870
1,850,905 1,613,4611 1,582,870
607, 137 179,584 49,398
-59,184 -238,768 288,166
547,953 -59,184 -238,768

The income statement account should be read in conjunction with the accompanying notes.




STATEMENT OF CASHFLOWS FOR THE YEAR ENDED 31 DECEMBER 2018

2018 2017 2016
A$ A$ A%

Cash flow from operating activities

Receipts from customers 2,441,902 1,776,999 1,616,586
Payments to suppliers and employees -1,809,597 -1,559,774 -1,544,459
Interest received 16,140 16,046 15,682
Net cash flows from/(used in) operating activities 648,445 233,271 87,809
Acquisitions of plant and equipment 0 0 0
Net cash flows from/(used in) investing activities 0 0 0
Cash flows from financing activities

Net increase/(decrease) in cash held 648,445 233,271 87,809
Add: Opening cash brought forward 1,850,813 1,617,542 1,529,733
Closing cash carried forward 2,499,258 1,850,813 1,617,542

The statement of cash flows should be read in conjunction with the accompanying notes.




NOTES TO AND FORMING PART OF THE FINANCIAL STATEMENTS AT 31 DECEMBER 2018

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.

As of 2007, in line with The University of Western Australia’s policies, equipment purchases of less than $5,000 in
value are no longer recorded as an asset. The at cost plant and equipment value was amended accordingly in 2008.

(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.

=

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.




NOTES TO AND FORMING PART OF THE FINANCIAL STATEMENTS
AT 31 DECEMBER 2018 (continued)

2018 2017 2016
A$ A$ A%
2 Operating Profit/(Loss)
a. The operating profit/(loss) before income tax is
arrived at after charging/(crediting) the following
items
Depreciation - plant and equipment 4,848 4,848 5,009
Provision for employee entitlements 379,262 342,802 293,963
b. Included in the operating profit/(loss) are the
following items of operating revenue
Affiliate membership fees 40,000 59,975 55,000
Industry funding special projects and 226,154 260,006 164,264
reimbursements
Project administration and staff time 392,217 386,851 429,760
Event fees and sponsorships 1,681,918 1,014,946 842,649
Publications and training materials 41,291 55,221 64,591
Interest - other persons/corporations 16,140 16,046 15,682
Publications contracts and sponsorships 0 0 0
UWA student and research allocation 60,322 0 60,322
Total revenue 2,458,042 1,793,045 1,923,492
3 Receivables
Other debtors 0 0] 0
Total receivables 0 0 0
4 Plant and Equipment
At cost 136,223 136,223 136,223
Provision for depreciation -135,720 -130,872 -126,024

Total plant and equipment 503 5,351 10,199




NOTES TO AND FORMING PART OF THE FINANCIAL STATEMENTS
AT 31 DECEMBER 2018 (continued)

2018 2017 2016
A$ A$ A%
5 Creditors and Borrowings (current)
Trade creditors and accruals 0 0 0
6 Provisions (current)
Employee entitlements 379,262 342,802 293,963
7 Partner Contributions
CSIRO opening/closing balance 60,320 60,320 60,320
WA School of Mines opening/closing balance 60,320 60,320 60,320
UWA Geomechanics opening/closing balance 60,520 60,520 60,520
UWA Geology 60,320 60,320 60,320
DMP* (previously DolR) opening/closing balance 2,500 2,500 2,500
* contribution mainly provided in-kind
Total partner contributions 243,980 243,980 243,980
8 Statement of Cash Flows
Reconciliation of net profit/(loss) to the net cash
flow from operations
Net profit/(loss) 607,137 179,584 49,398
Changes in assets and liabilities
- Other debtors 0 0 0
- Trade creditors and accruals 0 0 0
- Employee entitlements provision 36,460 48,839 33,402
Depreciation 4,848 4,848 5,009
Loss on trade-in of vehicles 0 0 0
Net cash flow from operating activities 648,445 233,271 87,809

We gratefully acknowledge the support of Mr Alastair Saw - Senior Management Accountant, Faculty of Engineering &
Mathematical Sciences, The University of Western Australia, who provided support in the preparation of the depreciation
schedule.




The Australian Centre for Geomechanics provides industry
with an excellent source of geomechanical knowledge
through event proceedings, research reports and relevant
industry publications. Inresponse to industry need for high
quality, comprehensive and state-of-the-art information,
the ACG produces peer and technically reviewed event
proceedings.

RICHARD JEWELL
Books (Editor)

1. Wu, AX & Jewell, RJJ 2017, Proceedings of the
20th International Seminar on Paste and Thickened
Tailings, University of Science and Technology
Beijing, Beijing.

ANDY FOURIE
Books (Editor)

1. Drebenstedt, C, von Bismarck, F, Fourie, AB
& Tibbett, M 2018, Proceedings of the 12th
International Conference on Mine Closure,
Technical University Bergakademie Freiberg,
Freiberg.

2. Paterson,AJC, Fourie, AB&Reid,D 2018, Proceedings
of the 22nd International Conference on Paste,
Thickened and Filtered Tailings, Australian Centre for
Geomechanics, Perth.

YVES POTVIN
Books (Editor)

1. Hudyma, M & Potvin, Y 2017, Proceedings of the First
International Conference on Underground Mining
Technology, Australian Centre for Geomechanics,
Perth.

2. Y Potvin & J Jakubec 2018, Proceedings of the Fourth
International Symposium on Block and Sublevel
Caving, Australian Centre for Geomechanics, Perth.

Journal Papers

1. Woodward, KR, Wesseloo, J & Potvin, Y 2017,
‘Temporal delineation and quantification of short
term clustered mining seismicity’, Journal of Pure and
Applied Geophysics, vol. 174, iss. 7, pp. 2851-2599.

2. Woodward, KR, Wesseloo, J & Potvin, Y 2018, ‘A
spatially focused clustering methodology for mining
seismicity’, Engineering Geology, vol. 232, pp. 104-
113.

In Proceedings of conferences, symposia and seminars
(peer reviewed)

1. Potvin, Y 2017, ‘The need for new technology to
optimise the engineering design of ground support
systems in underground mines’, in M Hudyma &
Y Potvin (eds), Proceedings of the First International
Conference on Underground Mining Technology,
Australian Centre for Geomechanics, pp. 9-22.

2. Woodward, KR, Wesseloo, J & Potvin, Y 2017,
‘The spatial and temporal assessment of clustered
and time-dependent seismic responses to mining’,
in J Wesseloo (ed.), Proceedings of the Eighth
International Conference on Deep and High Stress
Mining, Australian Centre for Geomechanics, Perth,
pp. 157-171.

3. Ferguson, GA, Cuello, D, Gandara, P, Potvin, Y & Rojas,
E 2018, ‘Strategy for research and development in the
cave mining industry’, in Y Potvin & J Jakubec (eds),
Proceedings of the Fourth International Symposium
on Block and Sublevel Caving, Australian Centre for
Geomechanics, Perth, pp. 487-498.

PHIL DIGHT
Journal Papers

1. Manca, M, Karrech, A, Dight, PM & Ciancio, D 2018,
‘Image processing and machine learning to investigate
fibre distribution on fibre-reinforced shotcrete round
determinate panels’, Construction and Building
Materials, vol. 190, pp. 870-880.

2. Manca, M, Karrech, A, Dight, PM & Ciancio, D 2018,
‘Dual cohesive elements for 3D modelling of synthetic
fibre-reinforced concrete’, Engineering Structures
Journal, vol. 174, pp. 851-860.

3. Wang, H, Dyskin, AV, Dight, PM, Pasternak, E
& Hsieh, A 2018, ‘Review of unloading tests of
dynamic rock failure in compression’, Engineering
Fracture  Mechanics,  https://doi.org/10.1016/j.
engfracmech.2018.12.022




4. Wang, H, Dyskin, AV, Pasternak, E, Dight, PM &
Sarmadivaleh, M 2018, ‘Effect of the intermediate
principal stress on 3-D crack growth’, Engineering
Fracture Mechanics, vol. 204, pp. 404-420, https://
doi.org/10.1016/j.engfracmech.2018.10.024

In Proceedings of conferences, symposia and seminars

1. Dight,PM,Manca,M&Ciancio,D2017,‘The properties
of fibre and their influence on post-crack behaviour
of fibrecrete’, Proceedings of the 9th Australasian
Congress on Applied Mechanics, pp. 182-193.

2. Manca, M, Ciancio, D & Dight, PM 2017, ‘Fibre
reinforced concrete in flexure and single fibre pull-out
test: a correlation’, IOP Conference Series: Material
Science and Engineering, vol. 246, no. 1, https://doi.
org/10.1088/1757-899X/246/1/012017

3. Luo, X, Salvoni, M, Dight, PM & Duan, J 2017,
‘Microseismic events for slope stability analysis - A
case study at an open pit mine’, Journal of the Southern
African Institute of Mining and Metallurgy, vol. 118,
iss. 3, pp. 205-210, https://doi.org/10.17159/2411-
9717/2018/v118n3a2

4. Ogasawara, H, Durrheim, RJ, Yabe, VY, Ito, T, van
Aswegen, G, Grobbelaar, M, Funato, A, Ishida,
A, Mngadi, S, Manzi, MSD, Ziegler, M, Ward, AK,
Hofmann, GF, Moyer, P, Boettcher, MS, Dight, PM,
Ellsworth, W, Liebenberg, B, Wechsler, N & Onstott,
T 2017, ‘Drilling into seismogenic zones of M2.0-M5.5
earthquakes from deep South African gold mines
(DSeis): establishment of research sites’, Proceedings
of AfriRock 2017, Southern African Institute of Mining
and Metallurgy, Johannesburg.

5. Dight, PM & Salvoni, M 2018, ‘The geotechnical
conundrum: are surface observations reflecting rock
mass behaviour at depth?’, Proceedings of the 2018
International Symposium on Slope Stability in Open
Pit Mining and Civil Engineering, BCO Congresos,
Barcelona.

6. Wang, H, Dyskin, AV, Pasternak, E & Dight, PM 2018,
‘Influence of the shape of 3-D cracks on their growth
in biaxial compression’, in AV Dyskin & E Pasternak
(eds), Advances in Mechanics: Failure, Deformation,
Fatigue, Waves and Monitoring, Proceedings of the
11th International Conference on Structural Integrity
and Failure, The University of Western Australia,
Perth, pp. 108-114.

JOHAN WESSELOO
Books (Editor)

1.

Wesseloo, J 2017, Proceedings of the Eighth
International Conference on Deep and High Stress
Mining, Australian Centre for Geomechanics, Perth.

Journal Papers

1.

Wesseloo, J 2018, ‘The spatial assessment of the
currentseismichazardstatefor hard rockunderground
mines’, Rock Mechanics and Rock Engineering, vol. 51,
no. 6, pp. 1839-1862.

Woodward, KR, Wesseloo, J & Potvin, Y 2018, ‘A
spatially focused clustering methodology for mining
seismicity’, Engineering Geology, vol. 232, pp. 104-
113.

Woodward, KR, Wesseloo, J & Potvin, Y 2017,
‘Temporal delineation and quantification of short
term clustered mining seismicity’, Journal of Pure and
Applied Geophysics, vol. 174, iss. 7, pp. 2851-2599.

In Proceedings of conferences, symposia and seminars
(peer reviewed)

1.

Morkel, IG & Wesseloo, J 2017, ‘A technique
to determine systematic shifts in microseismic
databases’, in J Wesseloo (ed.), Proceedings of the
Eighth International Conference on Deep and High
Stress Mining, Australian Centre for Geomechanics,
Perth, pp. 105-116.

Woodward, KR, Wesseloo, J & Potvin, Y 2017,
‘The spatial and temporal assessment of clustered
and time-dependent seismic responses to mining’,
in J Wesseloo (ed.), Proceedings of the Eighth
International Conference on Deep and High Stress
Mining, Australian Centre for Geomechanics, Perth,
pp. 157-171.

Basarir, H, Wesseloo, J Karrech, A, Pasternack, E &
Dyskin, A2017,The use of soft computing methods for
the prediction of rock properties based measurement
while drilling data’, in J Wesseloo (ed.), Proceedings of
the Eighth International Conference on Deep and High
Stress Mining, Australian Centre for Geomechanics,
Perth, pp. 537-552.

Morkel, IG & Wesseloo, J 2017, ‘The effect of sensor
bandwidth limitations on the calculation of seismic
hazard for mines’, in JA Vallejos (ed.), Proceedings of
the 9th International Symposium on Rockbursts and
Seismicity in Mines, Universidad de Chile, Santiago,
pp. 42-49.



Cumming-Potvin, D, Wesseloo, J, Jacobsz, SW &
Kearsley, E 2018, ‘A re-evaluation of the conceptual
model of caving mechanics’, in Y Potvin & J Jakubec
(eds), Proceedings of the Fourth International
Symposium on Block and Sublevel Caving, Australian
Centre for Geomechanics, Perth, pp. 179-190.

Cumming-Potvin, D, Wesseloo, J, Pierce, ME, Garza-
Cruz, T, Bouzeran, L, Jacobsz, SW & Kearsley, E
2018, ‘Numerical simulations of a centrifuge model
of caving’, in Y Potvin & J Jakubec (eds), Proceedings
of the Fourth International Symposium on Block and
Sublevel Caving, Australian Centre for Geomechanics,
Perth, pp. 191-206.

Goulet, A, Grenon, M, Morissette, P, Woodward, K &
Wesseloo, J 2018, ‘Properties of large-scale geological
features and seismic responses affecting strainburst
potential in deep underground mines’, Proceedings of
the ISRM International Symposium - 10th Asian Rock
Mechanics Symposium, International Society for Rock
Mechanics and Rock Engineering.

Goulet, A, Grenon, M, Woodward, KR, Wesseloo, J
& Morissette, P 2018, ‘Development of an integrated
geotechnical database and associated analysis tools for
excavation design in seismically active underground
mines’, Proceedings of the 52nd US Rock Mechanics/
Geomechanics Symposium, American Rock Mechanics
Association, United States of America, 15 p.

Jacobsz, SW, Kearsley, E, Cumming-Potvin, D &
Wesseloo, J 2018, ‘Modelling cave mining in the
geotechnical centrifuge ‘, in A McNamara, S Divall,
R Goodey, N Taylor, S Stallebrass & J Panchal (eds),
Proceedings of the 9th International Conference
on Physical Modelling in Geotechnics, CRC Press,
London, pp. 809-814.

GERHARD MORKEL

In Proceedings of conferences, symposia and seminars
(peer reviewed)

1.

Morkel, IG & Wesseloo, J 2017, ‘A technique to
determine systematic shifts in  microseismic
databases’, in J Wesseloo (ed.), Proceedings of the
Eighth International Conference on Deep and High
Stress Mining, Australian Centre for Geomechanics,
Perth, pp. 105-116.

Morkel, IG &Rossi-Rivera, P 2017, Theimplementation
and quantification of the Vallejos and McKinnon re-

entry methodology’,in JWesseloo (ed.), Proceedings of
the Eighth International Conference on Deep and High
Stress Mining, Australian Centre for Geomechanics,
Perth, pp. 173-181.

Tierney, SR & Morkel, IG 2017, ‘The optimisation and
comparison of re-entry assessment methodologies
for use in seismically active mines’, in J Wesseloo (ed.),
Proceedings of the Eighth International Conference
on Deep and High Stress Mining, Australian Centre for
Geomechanics, Perth, pp. 183-196.

Morkel, IG & Wesseloo, J 2017, ‘The effect of sensor
bandwidth limitations on the calculation of seismic
hazard for mines’, in JA Vallejos (ed.), Proceedings of
the 9th International Symposium on Rockbursts and
Seismicity in Mines, Universidad de Chile, Santiago,
pp. 42-49.

ARIEL HSIEH

Journal Papers

1.

Wang, H, Dyskin, AV, Dight, PM, Pasternak, E
& Hsieh, A 2018 ‘Review of unloading tests of
dynamic rock failure in compression’, Engineering
Fracture  Mechanics,  https://doi.org/10.1016/j.
engfracmech.2018.12.022

KYLE WOODWARD

Journal Papers

1.

Woodward, KR, Wesseloo, J & Potvin, Y 2017,
‘Temporal delineation and quantification of short
term clustered mining seismicity’, Journal of Pure and
Applied Geophysics, vol. 174, iss. 7, pp. 2851-2599.

Woodward, KR, Wesseloo, J & Potvin, Y 2018, ‘A
spatially focused clustering methodology for mining
seismicity’, Engineering Geology, vol. 232, pp. 104-
113.In Proceedings of conferences, symposia and
seminars (peer reviewed)

In Proceedings of conferences, symposia and seminars
(peer reviewed)

1.

Woodward, KR, Wesseloo, J & Potvin, Y 2017,
‘The spatial and temporal assessment of clustered
and time-dependent seismic responses to mining’,
in J Wesseloo (ed.), Proceedings of the Eighth
International Conference on Deep and High Stress
Mining, Australian Centre for Geomechanics, Perth,
pp. 157-171.



2. Woodward, KR & Tierney, SR 2017, ‘Seismic hazard
estimation using databases with bimodal frequency-
magnitude behaviour’, in M Hudyma &Y Potvin (eds),
Proceedings of the First International Conference on
Underground Mining Technology, Australian Centre
for Geomechanics, pp. 219-232.

3. Goulet, A, Grenon, M, Morissette, P, Woodward, K &
Wesseloo, J 2018, ‘Properties of large-scale geological
features and seismic responses affecting strainburst
potential in deep underground mines’, Proceedings of
the ISRM International Symposium - 10th Asian Rock
Mechanics Symposium, International Society for Rock
Mechanics and Rock Engineering.

4. Goulet, A, Grenon, M, Woodward, KR, Wesseloo, J
& Morissette, P 2018, ‘Development of an integrated
geotechnical database and associated analysis toolsfor
excavation design in seismically active underground
mines’, Proceedings of the 52nd US Rock Mechanics/
Geomechanics Symposium, American Rock Mechanics
Association, United States of America, 15 p.

5. Tuleau, J, Grenon, M, Duchesne, C, Woodward, K
& Lajoie, PL 2018, ‘Multivariate statistical analysis
to investigate the seismic response to production
blasting at Goldcorp Eleonore’, Proceedings of the
52nd US Rock Mechanics/Geomechanics Symposium,
American Rock Mechanics Association, United States
of America.

6. Tuleau, J, Woodward, K, Grenon, M & Lajoie,
PL 2018, ‘Blast induced seismic response at the
Goldcorp Eleonore mine: identification, delineation
and characterization’ Proceedings of the ISRM
International Symposium - 10th Asian Rock Mechanics
Symposium, International Society for Rock Mechanics
and Rock Engineering.

DANIEL CUMMING-POTVIN
PhD Thesis

1. Cumming-Potvin, D 2018, An Extended Conceptual
Model of Caving Mechanics, PhD thesis, The
University of Western Australia.

In Proceedings of conferences, symposia and seminars
(peer reviewed)

1.  Cumming-Potvin, D, Wesseloo, J, Jacobsz, SW &
Kearsley, E 2018, ‘A re-evaluation of the conceptual
model of caving mechanics, in Y Potvin & J Jakubec
(eds), Proceedings of the Fourth International

Symposium on Block and Sublevel Caving, Australian
Centre for Geomechanics, Perth, pp. 179-190.

2.  Cumming-Potvin, D, Wesseloo, J, Pierce, ME, Garza-
Cruz, T, Bouzeran, L, Jacobsz, SW & Kearsley, E
2018, ‘Numerical simulations of a centrifuge model
of caving’, in Y Potvin & J Jakubec (eds), Proceedings
of the Fourth International Symposium on Block and
Sublevel Caving, Australian Centre for Geomechanics,
Perth, pp. 191-206.

3. Jacobsz, SW, Kearsley, E, Cumming-Potvin, D &
Wesseloo, J 2018, ‘Modelling cave mining in the
geotechnical centrifuge ‘, in A McNamara, S Divall,
R Goodey, N Taylor, S Stallebrass, J Panchal (eds),
Proceedings of the 9th International Conference
on Physical Modelling in Geotechnics, CRC Press,
London, pp. 809-814.

STUART TIERNEY

In Proceedings of conferences, symposia and seminars
(peer reviewed)

1. Woodward, KR & Tierney, SR 2017, ‘Seismic hazard
estimation using databases with bimodal frequency-
magnitude behaviour’, in M Hudyma & Y Potvin (eds),
Proceedings of the First International Conference on
Underground Mining Technology, Australian Centre
for Geomechanics, pp. 219-232.

2. Tierney, SR & Morkel, IG 2017, ‘The optimisation and
comparison of re-entry assessment methodologies
for use in seismically active mines’, in J Wesseloo (ed.),
Proceedings of the Eighth International Conference
on Deep and High Stress Mining, Australian Centre for
Geomechanics, Perth, pp. 183-196.

MICHELE SALVONI
PhD Thesis

1. Salvoni, M 2017, Rock Damage Assessment in a Large
Unstable Slope from Microseismic Monitoring - MMG
Century Mine Case Study, PhD thesis, The University
of Western Australia.

In Proceedings of conferences, symposia and seminars
(peer reviewed)

1. Luo, X, Salvoni, M, Dight, PM & Duan, J 2017,
‘Microseismic events for slope stability analysis - A

case study at an open pit mine’, Journal of the Southern
African Institute of Mining and Metallurgy, vol. 118,



iss. 3, pp. 205-210, https://doi.org/10.17159/2411-
9717/2018/v118n3a2

2. Dight, PM & Salvoni, M 2018, ‘The geotechnical
conundrum: are surface observations reflecting rock
mass behaviour at depth?’, Proceedings of the 2018
International Symposium on Slope Stability in Open
Pit Mining and Civil Engineering, BCO Congresos,
Barcelona.

HONGYU WANG

Journal Papers

1. Wang, H, Dyskin, AV, Dight, PM, Pasternak, E
& Hsieh, A 2018, ‘Review of unloading tests of
dynamic rock failure in compression’, Engineering
Fracture Mechanics,  https://doi.org/10.1016/j.
engfracmech.2018.12.022

2. Wang, H, Dyskin, AV, Pasternak, E, Dight, PM &
Sarmadivaleh, M 2018, ‘Effect of the intermediate
principal stress on 3-D crack growth’, Engineering
Fracture Mechanics, vol. 204, pp. 404-420, https://
doi.org/10.1016/j.engfracmech.2018.10.024

In Proceedings of conferences, symposia and seminars
(peer reviewed)

1. Wang, H, Dyskin, AV, Pasternak, E & Dight, PM 2018,
‘Influence of the shape of 3-D cracks on their growth
in biaxial compression’ in AV Dyskin & E Pasternak
(eds), Advances in Mechanics: Failure, Deformation,
Fatigue, Waves and Monitoring, Proceedings of the
11th International Conference on Structural Integrity
and Failure, The University of Western Australia,
Perth, pp. 108-114.

TEOFILO AQUINO VIEIRA DA COSTA
Book Chapters (Co-Author)

1. Franca, P, Costa, TAV & Stacey, P 2018, ‘Soft iron ores
and other leached rocks’, in D Martin & P Stacey (eds),
Guidelines for Open Pit Slope Design in Weak Rocks,
1st edn, CSIRO Publishing, Clayton, p. 303.

In Proceedings of conferences, symposia and seminars
(peer reviewed)

1. Campos, LA, Marques, EAG, Costa, TAV, Filho, FAF,
Marchi, OA & Alves, HO 2018, ‘Reassessment of
Campos, LA, Marques, EAG, Costa, TAV, Filho, FAF,
Marchi, OA & Alves, HO 2018, ‘Reassessment of RMR
for iron ore mines of the Iron Quadrangle in Minas

Gerais, Brazil, Proceedings of the 16th National
Congress of Geotechnics, vol. 1, Laboratério Regional
de Engenharia Civil, Ponta Delgada, and Sociedade
Portuguesa de Geotechnica, Lisbon, p. 1-1.

ON THE HORIZON

GROUND SUPPORT SYSTEMS IN
UNDERGROUND MINES - A GUIDE

Editors Professors Yves Potvin and John Hadjigeorgiou,
with  assistance from Ground Support Systems
Optimisation (GSSO) research sponsors and industry
peers, are currently writing a guidance and advice book
entitled Ground Support Systems in Underground Mines - A
Guide, which is anticipated to be published in late 2019. This
handbook is a key deliverable of the ACG’s leading GSSO
research project that is funded by the Minerals Research
Institute of Western Australia and the global mining
industry. It is envisioned that the handbook will assist
readers to optimise their ground support systems designs.

For research project details, visit www.gsso.com.au

PASTE AND THICKENED TAILINGS
- A GUIDE (THIRD EDITION) TO BE
TRANSLATED

The ACG is delighted to announce that the third edition
of Paste and Thickened Tailings - A Guide will be translated
into Chinese-Mandarin. This translation project is being
undertaken in collaboration with Professor Aixiang Wu
and his team at the University of Science and Technology
Beijing, and the translated paste guides are expected
to be available in late 2019. China is home to more than
153,000 mines, and an increasing number of mines are
implementing paste disposal technology to manage tailings.
This translated guide will potentially be the first of many
ACG publications to be translated to assist international
industries to improve their mine productivity, safety and
environmental stewardship.

For a full ist of upcoming ACG publications, visit www.acg.
uwa.edu.au/future-publications/



The ACG Online Repository of Conference Proceedings aims
to provide the mining geomechanics fraternity with open
access to peer-reviewed conference papers that may assist
readers to maintain and develop their skills, knowledge and
capabilities.

Since launching the Online Repository in March 2017, the
ACG has undertaken numerous strategies to promote and
encourage industry and academia to utilise this open access
resource. The extensive range of peer-reviewed technical
papers from previous and current international mining
events, spanning the disciplines of open pit and underground
mining, paste and thickened tailings, and mine closure,
provides a valuable tool for practitioners and academics
alike.

Being an open access resource, the papers housed on the
site are freely available for public download, and the site
also offers a number of useful features such as importable
citation information in various formats, links to author
profiles on ORCID, ResearchGate and Linkedin, as well as
the ability to share and promote the papers on social media.

In the 2017-2018 financial year, the site enjoyed a total of
10,279 users, and 56,867 page views. As expected in its
first year, the majority of users were first-time visitors, with
68.1% new, and 31.9% returning visitors. During 2017 and
2018, the back catalogue of past conference papers on the
site was increased, and papers from the international events
held during this time were also added to the offerings. These
include the Eighth International Conference on Deep and
High Stress Mining, the First International Conference on
Underground Mining Technology, the 21st International
Seminar on Paste and Thickened Tailings and the Fourth
International Symposium on Block and Sublevel Caving.

All Users
100.00% Sessions

Overview

® Sessions
200

With every new event, the catalogue of high quality technical
papers will increase, as will the awareness and usage of this
ACG initiative in technology transfer and accessibility.

View the Online Repository at papers.acg.uwa.edu.au
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COLLABORATING WITH INDUSTRY UNDERGROUND MINING GEOMECHANICS

TO DEVELOP

Underground Dvillring
and Blasting

FOR MINE WORKERS

For many mining companies, ACG training products have
become an integral and essential component of their
training programmes.

UNDERGROUND MINING GEOMECHANICS

Underground Drilling and Blasting
A safety training DVD for underground metalliferous mine Securing the
workers. Ground

Rockburst - Unleashing Earth’s Energy
A geotechnical hazard awareness training DVD for
underground mine workers.

Securing the Ground
A training DVD for underground mine workers.

Reading the Ground
A geotechnical hazard awareness training DVD for
underground metalliferous mine workers.

.

OPEN PIT MINING GEOMECHANICS 5 - r’—f

Down to Earth Down TO
A training DVD for open pit mine workers.

Unearthing Black Gold
A geotechnical hazard awareness training DVD for open
pit coal mine workers.

ENVIRONMENTAL GEOMECHANICS

TaiIings - From Concept to Closure ENVIRONMENTAL GEOMECHANICS
Atraining DVD for owners and operators of tailings storage
facilities.

4G

TAILINGS - FROM CONCEPT TO CLOSURE




Corporate Affiliate Members support the ACG’s mission
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.

The ACG was delighted to have eleven Corporate Members
in 2017-2018.

AFFILIATE MEMBERSHIP ENTITLEMENTS

The Corporate Affiliate Membership scheme is designed to provide an effective interface between industry (the end
user) and the research and training carried out by the Centre.

Corporate members are entitled to:

copies of newsletters and biennial reports,

submit technical articles to the ACG newsletter
(distribution: approximately 7,000),

invitations to seminars and technical meetings,

discounted event registration fees for ACG short
courses, seminars, workshops, conferences and
symposia,

discounts on project research reports and
training materials,

CORPORATE AFFILIATES
ATC Williams Pty Ltd
BHP Iron Ore
Fero Group Pty Ltd
Kalgoorlie Consolidated Gold Mines Pty Ltd
New Concept Mining
Newmont Asia Pacific
Pells Sullivan Meynink
Reutech Mining
Sika Australia Pty Ltd
South32
SRK Consulting Australia

e discounts on ACG event proceedings,

e access to the geomechanics library maintained
by the Centre,

e preferential access to academic visitors and to
research personnel associated with the Centre,
and

e preferential access to research equipment and
technology.



Industry Partners

Joint Venture Partners

Industry Board Members Board of Management JV Partner Representatives

Corporate Affiliate Members Centre Directorate CSIRO
Mineral Resources

The University of Western
Australia
School of Civil, Environmental
Technical Staff and Mining Engineering

Director

Professional Staff

AUSTRALIAN CENTRE FOR GEOMECHANICS
BOARD OF MANAGEMENT

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.

Joint Venture Partner Industry Representatives

Representatives (2) (up to 4)

Chair (from industry)
Dr Ewan Sellers

(CSIRO Mineral Resources, Hard Rock Mr lan Suckling Mr Nan Wang
Mining Program) Gold Fields Australia Pty Ltd (MMG Limited)
Professor John Dell Mr Michael Dunn
(The University of Western Australia Centre Director (non-voting) (Evolution Mining Ltd)
— Faculty ode:Ag|::er|n§, C)ompUtmg Professor Yves Potvin Dr Daniel Heal
an athematics (Australian Centre for Geomechanics (BHP)

- The University of Western
Y Dr German Flores-Gonzalez

Australi
ustralia) (Newcrest Mining Limited)
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