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For the Australian Centre for
Geomechanics (ACG) 2019 was
frenetic, with the staff working hard
on a number of large and successful
events, as well as on its high-quality
publications and extensive research
programme. The ambitious schedule
of work and events provided heavy
but predictable challenges for the
staff. Unsurprisingly, 2020 was
no welcome relief, bringing with it
unique COVID-enforced difficulties
as the staff worked hard to maintain progress and, where
possible, honour commitments to hold symposia, workshops
and courses. Inevitably, however, some of the activities
planned for 2020 simply could not proceed.
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Mr lan Suckling
Chairman

The ACG'’s culture of hard work and innovation served it
well as its staff went to great lengths to adapt to the COVID
conditions, learning new skills, and moving to various
untried online and hybrid methods for communication and
events. The ACG responded to rapidly changing demands
from the industry as mining companies also grappled with
the constraints of the extraordinary operating environment.

Even without the changes imposed by the pandemic, it has
been a time of significant change in the ACG. The saddest
change came with the death in 2020 of Richard Jewell,
the ACG’s founding Director. Richard was central to the
establishment of the centre in 1992 and maintained an
active and valuable association that extended well beyond
his retirement as Director in 2000. Those at the ACG can
be grateful for his work, and proud of the way in which
they have honoured his legacy by following his examples of
applied excellence and innovation.

2019 saw the retirement of Professor Yves Potvin, its
esteemed Director since he assumed the role from Richard
in 2000. It is difficult to do justice to the magnitude of Yves’
contribution to the ACG, both through his tremendous
personal efforts and his astute judgement in charting the
ACG'’s course. Yves' standing in his field is widely recognised
and this, coupled with his energy and great capacity for
work, enabled him to lead his team to build the functions,
reach, influence and brand of the ACG, making it one of the
preeminent institutions of its type. Yves left his role with
the ACG in excellent shape, with a wealth of talent, sound
financial underpinnings, and excellent connections with
the mining industry and academia both in Australia and
overseas. The ACG is fortunate that beyond his retirement
as Director, Yves continues to provide his invaluable
skills and knowledge in support of its research and other
functions.

Professor Potvin proudly handed over the reins to Associate
Professor Johan Wesseloo. Johan is a highly credentialled
geomechanics professional and researcher who has also
had the benefit of Yves' mentorship since he joined the
ACG in 2007 as a research fellow and project leader. In the
media release that accompanied the announcement of his
appointment Johan made the comment that the ACG “needs
to adapt to a changing environment, always with the aim of
continuing to do what it does well: supporting the industry
throughresearch, training and technology transfer”. Despite
little knowing how prescient would be his remark regarding
the changing environment, since assuming the role Johan
has admirably advanced his stated aims, expanding his
leadership of research projects and conferences and
building his relationship with the industry.

The final change | would mention is the departure of
Professor John Dell who in late 2020 left the ACG and
The University of Western Australia (UWA). Part of John’s
role was to oversee the ACG’s function within UWA. John
acknowledged the excellent management of the ACG by
its Director and staff and provided them strong support.
When problems were encountered John could be relied
upon to provide thoughtful advice and thoroughly effective
advocacy. On behalf of the Board | thank him for his
contribution.

The ACG’s Board of Management comprises representatives
from the ACG’s Joint Venture partners - UWA and CSIRO -
as well as representatives form industry. My fellow board
members at the time of this report are Professor Tim
Sercombe of the UWA School of Engineering who succeeded
Professor John Dell; Dr Ewan Sellers from CSIRO Mineral
Resources; Dr Daniel Heal from BHP; Michael Dunn from
Evolution Mining, and subsequently Debswana Diamond
Company; and Dr German Flores-Gonzales from Newcrest
Mining. I, and the ACG’s management, have benefitted from
their wise counsel and | thank them for it.

However, as | have observed previously, the Board has
the immense advantage of having the privilege to oversee
a first-rate organisation, led by its Directors, Professor
Yves Potvin (to April 2019) and Associate Professor Johan
Wesseloo (from May 2019); Business Manager, Christine
Neskudla, and Marketing Manager, Josephine Ruddle. This
management team has made an outstanding contribution
to the success of the ACG. Christine and Josephine have
been fundamental to the ACG’s success since its inception
in 1992.

In turn, the management team has been fortunate the
ACG has been able to recruit and retain staff of the highest
calibre. The current team includes Professor Phil Dight, who



has lent his considerable reputation to the advancement
of the group’s open pit work; Dr Daniel Cumming-Potvin,
who manages the mXrap Consortium; Paul Harris,
Dr Kyle Woodward and Dr Matthew Heinsen Egan, the
value of whose technical work on mXrap is apparent from its
tremendous international demand; Garth Doig who manages
the ACG’s audiovisual requirements and who, with the
support of Stefania Woodward, produces the high-quality
conference proceedings; Candice McLennan, who maintains
the ACG websites and produces the ACG marketing material;
and Jennifer Collins and Joanna Franklin-Lloyd who provide
administrative and finance support.

The ACG has always taken care to maintain its healthy
functioning through the mining industry’s commodity cycles
with its prudent application of its resources enabling it to
continue its delivery of services and research through even
the toughest years. This institutional forethought has again
served it well through the extraordinary year that was 2020.
Difficult times appear likely to continue to prevail in 2021
for some of the ACG’s work - particularly for conferences,
seminarsand other activities that aretraditionally conducted
face-to-face and rely upon freedom of travel and confidence
in planning. These events are as valuable to the industry as
they are important to sustaining the ACG which inevitably
relies for its existence on monetary support from industry
either as attendance fees for its events, payments for the
services it provides, sponsorships or memberships. | am
confident that the ACG can rely on the industry to support
its initiatives in holding its events by other means, and to
consider what other support it might offer to help maintain
the ACG’s financial health.

On behalf of the Board, | thank those named for their
work in ensuring ACG’s great success in 2019-2020. | also
acknowledge 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.

s

Mr lan Suckling - ACG Board Chairman




The year 2019 showed a very
strong increase in  activity
compared to previous years, both
within the mining industry as well
as for the Australian Centre for
Geomechanics (ACG). This added to
the ACG's financially stable position
established over many years. As a
result, the ACG was able to weather
the COVID-19 storm that hit the

. world and the ACG in early 2020.
Associate Professor

Johan Wesseloo
Director

The Centre’s operating budget in
2019 presented at just over $3M,
compared to $2.45M in 2018, an
above average result, which was mostly due to hosting four
international conferences and hence increased attendance
and sponsorship income, as opposed to two conferences
per annum in previous years. This result was only achievable
thanks to the outstanding efforts of our small conference
team. This positive result was further supported by targeted
onsite training activities, as well as industry support of ACG
research.

However, this success was followed by a drastic decrease
to $1.88M in 2020 due to tumbling event registration and
sponsorship income caused by COVID-19. This constitutes
a drop in income of about 40% compared to 2019, and
23% compared to 2018, still a remarkable achievement
considering the impact of the pandemic. Our financial
security allowed us to continue to serve the industry
uninterrupted throughout 2020, and continue to do so in
2021, which promises to be another challenging year.

In spite of numerous obstacles, the ACG team managed
to deliver high quality technical content to industry. In
the space of two months, the ACG team transformed the
2020 International Symposium on Slope Stability in Open
Pit Mining and Civil Engineering from an in-person event
with over 500 delegates expected, to an online event
that attracted 250 delegates. The ACG team fronted the
COVID-19 challenge face-on by converting all scheduled
events to online events, some of which could also be
attended by Western Australian delegates in person later in
the year.

In addition, we increased the number of hybrid short
courses offered to industry, facilitating online and in-person
attendance, and adjusted the format from full day to half
day events to cater for international time zones; and onsite
training was conducted online for the first time.

The conferences hosted by the ACG during 2019 proved
exceptionally successful and included:

e MGR 2019 - The First International Conference on
Mining Geomechanical Risk, Perth, Western Australia,
9-11 April 2019, attracting more than 180 delegates.

e Paste 2019 - The 22nd International Conference on
Paste, Thickened and Filtered Tailings, Cape Town,
South Africa, 8-10 May 2019, attended by close to
250 delegates, and co-hosted with Paterson & Cooke,
South Africa.

e Mine Closure 2019 - The 13th International
Conference on Mine Closure, Perth, Western Australia,
3-5 September 2019, attracting over 500 delegates.

e Ground Support 2019 - The Ninth International
Symposium on Ground Support in Mining and
Underground Construction, Sudbury, Canada, 23-25
October 2019, attended by close to 250 delegates.

The conferences hosted by the ACG during 2020 were
technically very successful, although financially marginal
due to the challenges posed by COVID-19.

e 2020 International Symposium on Slope Stability in
Open Pit Mining and Civil Engineering, Perth, Western
Australia, 12-14 May 2020, online only, attracting over
270 delegates.

e UMT 2020 - The Second International Conference
on Underground Mining Technology, Perth, Western
Australia, 3-4 November 2020, online and in person,
attended by close to 80 delegates.

The ACG'’s increased focus on securing research funds to
alleviate our dependence on income from our conferences,
training and further education activities proved particularly
successful in 2020. | am pleased to report some of the
success stories from this initiative.

In July 2020, the project entitled ‘Stope Design and
Reconciliation Phase 2’ commenced, supported by four
mining companies, with a budget of $490K over two years.
Phase 1 of this project spanned from 2017 to 2019. These
are exciting projects with great potential for industry. Our
team is literally re-inventing how the mining industry will
design stopes in the future. The tools being developed have
the capability to forecast overbreak and underbreak volume
and location with good accuracy. The effect of blasting,
combined with all other geotechnical and geometrical
factors, are accounted for in the design.

The research project entitled ‘Rock Properties to Predict
Rockburst Vulnerability in Three Dimensions’ commenced
in late 2016 and is to be completed in October 2021.
So far, the project has led to new insight and important
fundamental understanding in fracture mechanics under



three-dimensional stress states with application to the
mechanics of strainburst. Throughout the course of this
project, strong staff capabilities in this area of expertise,
as well as state-of-the art rock testing facilities at the UWA
engineering laboratories, were developed.

The second phase of the international collaborative research
project entitled ‘Ground Support Systems Optimisation’
commenced in late 2018, and is ongoing into 2021. This
project, funded by industry and the Minerals Research
Institute of Western Australia, has a budget of close to $2M
over three years and comprises seven sub-projects under
two main themes: ground support in extreme conditions,
and probabilistic design of ground support systems. Ground
support is one of the ACG’s pivotal research areas and we
are anticipating continuation of this project beyond the
current phase 2.

The research project entitled ‘Advancing the Physical
and Numerical Modelling of Caving Mechanics’, which
commenced in mid-2018, is ongoing, thanks to the financial
support from Newcrest Mining Limited. This project is being
carried out in collaboration with the University of Pretoria,
South Africa. Asmall project using similar technology entitled
‘Physical Modelling of Cave Breakthrough'’, supported by
OZ Minerals, is also being conducted in collaboration with
the University of Pretoria.

A highly interesting research project entitled ‘Blast Testing
of Ground Support at Cadia’, supported by Newcrest Mining,
also commenced in early 2019 and is due for completion in
2021.

The mXrap software is expanding from its original
roots in mining-induced seismicity to an important
tool for technology transfer, and is used in most of the
aforementioned projects. The mXrap Consortium, a

vehicle to continue development of the software, grew
considerably. In 2019 and 2020, the consortium counted
over 30 industry members from five continents. Many
members have multiple licences for their various mine sites,
with an annual budget of over $1.1M.

The ACG fostered the completion of four PhDs during the
2019-2020 period, generating knowledge and 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.

Despite a growing research portfolio, and encouraging signs
of recovery in the mining sector, the ACG will continue to
face an economical challenge due to the decrease in industry
sponsorships for our international conference portfolio, but
will continue to deliver high quality research, training and
technology transfer to the resources industries.

Associate Professor Johan Wesseloo - Director




Associate Professor Richard Jewell was instrumental in
establishing the Australian Centre for Geomechanics
(ACG) in 1992, where he was Director from 1992 to 2000.
Richard passed in late September 2020 at the age of 87.
He is fondly remembered by his ACG family, and former
industry colleagues and academics as a true gentleman,
inspiring mentor, and energetic tailings champion.

Richard commenced hiscareerat UWAasalecturerin 1972,
and retired in 2000. Until only recently, he remained active
in the ACG’s tailings initiatives as an external consultant, a
testament to his love of environmental geomechanics and
his popularity throughout the global mining community.

In 1984, Richard was responsible for founding the
Geomechanics Group within the Department of Civil
Engineering, where he was pivotal in developing the
geotechnical centrifuge facility. He was a wonderful
strategist and influencer, by using his extensive networks R

within W.A., he persuaded Main Roads and UWA to provide WRACG s
funding to establish the centrifuge, at that time the largest S T———"
facility of its kind in the southern hemisphere. He was also

heavily involved in laboratory and field testing to provide a .
design basis for the Woodside Goodwyn A Platform. This Pa Ste a n d Th IC ke n ed

roject, and the sustained collaboration with Woodside, H K H
el Tailings — A Guide

laid the foundation for the expansion of the geomechanics
laboratory at UWA. EDITORS RJ. Jewell and A B. Fourie

Richard brought to life the ACG International Paste and
Thickened Tailings Conference series in the late 1990s.
Richard co-chaired this popular conference from inception,
and retired from this role at the 21st International
Conference on Paste & Thickened Tailings held in Perth in
2018.

Richard was co-editor of the three editions of the well-read
ACG Paste & Thickened Tailings - A Guide, and co-editor of
over 20 conference proceedings.

Amongst many other projects, Associate Professor Jewell
managed alarge research project on Saline Tailings Disposal
and Decommissioning in the mid 1990s, sponsored by the
Minerals Research Institute of Western Australia and
industry.

THIRD EDITION

The extraordinary legacy and positive impact Richard
made, not only through the halls of the UWA Crawley
Engineering 'B””di“%’ and in the boardrooms of mining The ACG “Paste & Thickened Tailings - A Guide” Third Edition,
companies, is cherished and respected by so many. co-edited by Associate Professor Richard Jewell

Today, the ACG counts close to 20 staff and researchers,

an incredible achievement from the initial seed Richard

planted almost 30 years ago.




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 used as a technology transfer tool for several research
projects, with the Consortium members and research
sponsors receiving software apps to implement the research
outcomes onsite. This has contributed to several research
organisations and consultancies using mXrap.

The software originated as part of the ACG Mine Seismicity
and Rockburst Risk Management Project and many of
the apps are focused towards the management of mining-
induced seismicity and rockburst risk. The following suite
of apps has been developed to date, providing tools for the
analysis and interpretation of mining-induced seismicity and
the management of seismic hazard.
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In more recent years, the scope of what mXrap can achieve
has expanded and a number of non-seismic geotechnical
apps have been developed.

Block caving apps

Block model viewing app
Instrumentation apps

Joint mapping tablet app
Mine geometry modelling app
Rock mass data analyser app
Sublevel caving app

Surface monitoring apps

Several apps have been implemented and others are
currently under further development through the following
research projects:

Ground Support Systems Optimisation, Australian
Centre for Geomechanics

« Blockidentification app

«  Common model builder

. Damage mapping tablet and mXrap app

«  Discrete fracture network (DFN) app

«  Stress superposition app

Stope Reconciliation, Australian Centre for
Geomechanics

«  Stope performance modelling app

«  Stope reconciliation app

Software licences are only available to mXrap Consortium
members (along with academic and consulting licence
applicants). Membership fees are related to the number of
licences and apps required by the Consortium member.

For more information please visit: mxrap.com, or contact:

info@mxrap.com

Seismic Hazard Analysis app
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CONSORTIUM MEMBERS

The membership has grown steadily and continuously since inception of the Consortium in 2015. The table below provides

a list of current mXrap Consortium members.

Company

Site

Agnico Eagle Mines Limited

Laronde, Goldex

Alamos Gold Inc.

Young Davidson, Island Gold

BHP Olympic Dam
BHP Nickel West Perseverance
Boliden Garpenberg
CMOC-Northparkes Mines Northparkes

EMR Golden Grove Pty Ltd

Golden Grove

Ernest Henry Mining Pty Ltd (a Glencore Company)

Ernest Henry

Glencore Kidd Operations

Kidd Creek

Gold Fields Australia Pty Ltd

Waroonga, Granny Smith, New Holland, St. lves

Gold Fields South Africa South Deep
Hecla USA Lucky Friday
IAMGOLD Corporation Westwood

Kalgoorlie Consolidated Gold Mines

Mt Charlotte, Superpit

Kirkland Lake Gold

Kirkland Lake

Luossavaara-Kiirunavaara AB

Kiruna, Malmberget

MMG Limited

Rosebery

Newcrest Mining Limited

Cadia Valley Operations, Telfer Operations

Northern Star Resources Ltd

Kundana, Kanowna Belle, Millennium

Oyu Tolgoi LLC Oyu Tolgoi

OZ Minerals Carrapateena

Perilya Limited Broken Hill

PT Freeport Indonesia Grasberg

Red 5 Limited Darlot

South32 Cannington, Hermosa

St Barbara Limited

Gwalia

Sudbury Integrated Nickel Operations (a Glencore Company)

Fraser Mine, Nickel Rim South

Vale Canada

Coleman, Creighton, Copper Cliff, Garsen, Totten

Western Areas NL

Flying Fox, Spotted Quoll

Westgold Resources Limited

Big Bell




Research Licence Holders

Laurentian University, Canada

Lulea University of Technology, Sweden

Spokane Mining Research Department (NIOSH), USA
Université Laval, Canada

University of Leeds, United Kingdom

University of Santiago, Chile

University of the Witwatersrand, South Africa

Consulting Licence Holders

AMC Melbourne

IGM Geotechnical

Mikula Geotechnics

Mine Seismix

Open House Management Solutions
SRK Consulting Perth

SRK Consulting Johannesburg

MXRAP DEVELOPMENT TEAM

The mXrap development team includes:

Dr Daniel Cumming-Potvin
Project Lead
Australian Centre for Geomechanics

Paul Harris
Principal Software Engineer
Australian Centre for Geomechanics

Dr Matthew Heinsen Egan
Software Engineer
Australian Centre for Geomechanics

Dr Kyle Woodward
Research Fellow
Australian Centre for Geomechanics

Denisha Sewnun
Research Fellow
Australian Centre for Geomechanics

Stuart Tierney
PhD Student
Australian Centre for Geomechanics

ChunWei Ho
Part-time Programmer
Australian Centre for Geomechanics




With the support of Newcrest Mining Limited, the Australian
Centre for Geomechanics (ACG) undertook a survey to
obtain a cross-section of the seismic risk management
practices used in underground hard rock mines around the
world. The survey included contributions from 16 mine sites
around the world. The results of this survey were compiled
and made available through a website, providing a flowchart
summarising seismic risk management processes (SRMPs) in
hard rock mines.

The SRMP flowchart outlines four major activities: data
collection, seismic response to mining, control measures,
and seismic risk assessment. It provides an overview of
what is being done and is by no means an indication of
what should be done. As our methods and understanding
of mining-induced seismicity improve, so too will our risk
management practices. The content of the flowchart and its
associated website will be updated in the future.

The SRMP enables users to assess their own practices
written in their Seismic Risk Management Plan against
standard and advanced practices that can be applied for the
management of seismic risks. It is also a valuable framework
for the development and evaluation of a site-specific Seismic
Risk Management Plan. Some mine sites are now using
the process presented here as a generic framework and
guideline for structuring and developing their site-specific
Seismic Risk Management Plans.

DATA COLLECTION Mining Geotechnical Seismic
Production blasting database Rock properties Seismic event location
Geological Development blasting database Stress properties Magnitude range <

Structural model Ore extraction database Deformation/damage monitoring System status a
Lithology domains Stope geometry Ground support capacity QA/QC :
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I I 7 I | I
I
SEISMIC Numerical Models Seismic Analysis Measurement and Observation Trends |
Comparative modelling Short-term seismic hazard assessment for F ic Analysi I

RESPONSE : ) or Forensic Analysis
Back-anaIyS|§ . Re-entry analysis Forensic analysis triggered by large events or I
TO MINING Forecast modelling Medium/long-term hazard assessment rockbursts &4
Medium/long-term source characterisation Periodic reporting of trends |
Strong ground motion interpolation |
| J :
2 I
Understanding and Quantifying Seismic Hazard :
I
! |
CONTROL Exposure Mine Design Conditioning Rock Mass I
Planned exclusions Pillar design De-stress blasting ¢
MEASURES TARP exclusions Excavation design Hydraulic fracturing I
d Layout and timing Extraction rate I
G_roun Suppprt Remote equipment Extraction sequence N I
Design for dynamic load Automated processes De-stress slot I
Performance evaluation Communication and training Mining method o I
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For more information please visit acg.uwa.edu.au/srmp, or contact info-acg@uwa.edu.au
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PhD Civil, Environmental and
Mining Engineering

2020

Thesis title: Fault slip seismicity in

underground mining operations: asperity
and barrier shear modelling

Supervisors: Professor Yves Potvin and
Associate Professor Johan Wesseloo,
Australian Centre for Geomechanics, The
University of Western Australia

Mine-induced seismicity is the natural response of the rock
mass to underground excavation. It corresponds to rock
fracturing caused by high induced stresses and, when not
controlled properly, it generates hazards and economical
losses to underground projects.

The seismicity manifests itself through different physical
mechanisms. In particular, the re-activation or slip of
existing faults is the most hazardous and difficult to
manage mechanism. This is because of the potentially high
magnitude that can be generated by these seismic events,
the occasional lack of relations between seismicity and
blast times and by the potentially large distance between
the seismic event and the blasted zones. This apparent
independence between fault slip seismicity and blast
imposes a risk to underground excavations that needs
to be managed in order to develop safe and sustainable
underground projects.

Most numerical methods used to estimate fault slip seismic
potential provide a qualitative solution to the seismic
potential, indicating periods of higher or lower seismicity,
but hardly defining the magnitude of the seismic events
that can be obtained.

This thesis documents research work on fault slip
mechanism and develops a method to explicitly include
fault heterogeneities into numerical analysis, providing a
tool to calculate maximum expected magnitudes under
a probabilistic scheme. These results not only provide
the variation of seismic potential over time but also the
probability of a large event occurring in a specific mining
sequence.

For more details visit

doi.org/10.26182/5f1f96906 352

Dr Juan Andrés Jarufe Troncoso

PhD Civil, Environmental and
Y Mining Engineering
s 2020

Thesis title: Evaluating alternative tailings
management strategies is more than just
Net Present Value

Supervisors: Professor Andy Fourie and
Professor Richard Durham, The University of
Western Australia

The vast amount of waste produced by the mining industry,
of which a large proportion is tailings, represents a
significant barrier to sustainability. In light of the pressures
for change, and as the stewardship of tailings comes
under increasing scrutiny, decision makers are looking at
the benefits of alternative tailings disposal methods and
are urged to adopt a more holistic approach towards the
selection of a tailings management option that ensures
sound economic, environmental and social performance is
achieved.

To this end, life cycle methodologies, such as life cycle
costing (LCC) and life cycle assessment (LCA) can be
used, and offer valuable concepts for moving towards
sustainability.

Against this background, the overarching objectives of the
research presented in this thesis was to (i) investigate the
life cycle costs associated with various tailings management
options and contribute to improving cost data quality and
availability in the public domain, (ii) assess the life cycle
environmental impacts of alternative tailings disposal
methods and contribute to improving mining LCA data
quality and availability in the literature, and (iii) develop
a methodology to evaluate tailings management options
based on a more holistic approach. For these purposes,
a hypothetical case involving the management of gold
tailings in Western Australia was studied, for which three
conceptual project designs were developed for disposing
the tailings as a slurry, as thickened, and as filtered tailings.
It is important to note that the proposed methodology is
robust and capable of being adapted and applied to other
cases with equal relevance.

For more details please contact the ACG, or visit
doi.org/10.26182/5ec3548a81770

Dr Aida Carolina Borges Carneiro


http://doi.org/10.26182/5f1f9690635f2
http://doi.org/10.26182/5ec3548a81770

Dr Ali Keneti
PhD Civil Engineering
2020

%g ¥
Thesis title: Consideration of rock mass

violent failure mechanisms around
underground excavations

Supervisors: Dr Roger Dargaville, Monash
University and Professor Bre-Anne Sainsbury,
formerly Monash University, now Deakin
University

This research investigates strainburst failure (as one of the
main types of rock mass violent failure mechanism) and the
associated risk for underground excavations.

Throughout reviewing selected case study data from
around the world, in situ conditions leading to rockburst
events in a macro (drive)-scale were identified. The
main contributing factors include unfavourable states
of stresses, geometry of the excavation (its size and
orientationinrelationto principal stresses) and the rate and
direction of advance. Factors also included unfavourable
rock mass characteristics, including mineralogy, contrast
in geomechanical properties, and presence of geological
intensifiers.

In the second phase, failure mechanisms on a micro-scale
were studied. To do this, igneous rock fragments from
a strainburst event site were studied under a Scanning
Electron Microscope (SEM) in order to characterise their
surface features and allow interpretation of the failure/
fracture propagation mechanisms. SEM image analysis
indicated that anisotropy, a contrast in geomechanical
properties, and adverse effects of the geometry and
contact patterns present at the micro-scale as they do
at the large scale. It is proposed that these micro-scale
features can lead to anisotropic material behaviour and
stress concentrations that manifest as strainburst events.

The technique discussed is robust to consider newly
available data by site observations to re-evaluate the risk
or to assist in microseismic data interpretation.

For more details please contact the ACG, or visit bridges.
monash.edu/articles/thesis/Consideration_of Rock_Mass

Violent Failure_Mechanisms_around_Underground
Excavations/12917789

Dr Hongyu Wang
PhD Civil Engineering
2019

Thesis title: The effect of intermediate
principal stress on 3D crack growth in
compression and rock failure

Supervisors: Professor Phil Dight, Australian
Centre for Geomechanics, The University of
Western Australia, Professor Arcady Dyskin,
The University of Western Australia, Dr Ariel
Hsieh, Australian Centre for Geomechanics,
The University of Western Australia, Professor
Elena Pasternak, The University of Western
Australia

Rock is often a brittle heterogeneous material containing
a multitude of pre-existing internal cracks, voids and weak
micro-surfaces. In compression, these imperfections work
as sources of initiation and growth of what is termed ‘wing
cracks’. Under load, the growth of wing cracks is believed
to cause ultimate failure of rocks. Understanding rock
failure behaviour near the excavation boundary is critical
for ensuring safety of tunnelling and underground mining,
as this can lead to the hazardous condition known as
strainbursting.

This research investigates three-dimensional (3D) crack
growth using biaxial compression testing with various
load ratios of frozen resin samples, containing 3D internal
defects of different types. The triggering nature of the
intermediate principal stress was discovered. When its
magnitudeis above a certain threshold (5-8.5% of the major
principal stress), it changes the mechanism of propagation
of real 3D cracks, allowing them to grow extensively to the
sizes causing catastrophic rock failure. This phenomenon
is confirmed by numerical studies using the finite element
method (FEM).

The research findings highlight the role of the intermediate
principal stress. While not participating in the classical
failure criteria, it is crucial in that it is capable of changing
the mechanics of brittle fracturing in compression. This
concept provides an insight into the mechanisms of rock
failure in compression and will enable building models for
the successful monitoring and prediction of dangerous
rock failures.

For more details visit doi.org/10.26182/5ee02cd4192e9
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Background

The Australian Centre for Geomechanics (ACG) has been
working on a stope design research project since late 2017,
looking at new ways of performing stope reconciliation
and optimising open stope design. This project was funded
by the Minerals Research Institute of Western Australia
(MRIWA) and the following Australian and Canadian mines:
BHP Olympic Dam; MMG Dugald River; Gold Fields Granny
Smith; Glencore Mount Isa Copper Operations; Agnico
Eagle LaRonde Mine; IAMGOLD Westwood Mine; and
Hecla Casa Berardi Mine.

The first phase of the project was completed in December
2019 (refer to past projects) and the ACG has extended
this research into a second phase called Stope Design
and Reconciliation (Phase 2). A number of new powerful
tools have been developed during Phase 1 to make stope
reconciliation more efficient and significantly enhance mine
capabilities to conduct in-depth root cause analyses of
overbreak and underbreak. A very comprehensive database
of stope design and reconciliation performance parameters
from all sponsors’ sites has been collected.
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Phase 2 of this research project is sponsored by:

. BHP Olympic Dam

. Glencore Mount Isa Mines
. IAMGOLD Canada

3 MMG Limited

Stope design and reconciliation bench-
marking study

The ACG conducted a benchmarking study, sponsored by
BHP Olympic Dam, between June and August 2019. The
objective of the study was to:

1. define and document industry processes for stope
design and reconciliation,

2. identify standard and advanced practices within these
processes, and

3. identify gaps to inform the focus of future research.
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The data for the benchmarking was collected during
two workshops; one in Perth, Australia and the other in
Rouyn-Noranda, Canada. A total of 19 mines provided data
for the benchmarking study.

The main stope design and reconciliation processes, with
relevant input and output parameters, have been mapped
and are summarised in Figure 1. It is interesting to note that
stope reconciliation can be performed in several technical
areas, by different departments. As such, the ‘ownership’ of
the overall stope reconciliation process is not always well
defined.

In addition to developing the process mapping, the main
findings from the study included the following observations:

1. Theindustry collects a lot of stope data (Figure 1)

. Datafor planning and design purposes.
. Datafrom operations and executions.
. Datafor reconciliation.

2. Mining operations do not have efficient means of
transforming the data into usable information

« Datamanipulation is time consuming, mines
have a lack of resources.

« Thereconciliation is made via many different
pieces of software, and it is not integrated with
stope design.

«  Most mines limit their analysis to whole
stope (overbreak and underbreak) instead of
analysing individual stope surfaces or even
finer resolution (stope surface points (octree)).

« Most mines only focus on overbreak.

« None of the software packages used have
efficient tools to perform root cause analysis.

3. The industry is not transforming information into
knowledge

«  There are no methods for forecasting
underbreak.

« Industry still uses generic empirical stope
design charts from the 80s and 90s.

. Blasting and major faults are not included as
design parameters with the current methods
used, but can severely affect overbreak and
underbreak outcomes.

Objectives of Phase 2

The overall objective of Phase 2 is to improve the
transformation of stope design and reconciliation data into
better information and, ultimately, into knowledge that
can improve stope design and profitability. The focus will
be to enable this transformation from data to knowledge
while streamlining the processes, saving time and gaining
efficiency intothe stope design and reconciliation processes
currently used at mine sites.

Specifically, the following objectives will be pursued:

1. Expand the current stope design and reconciliation
database. Currently the performance of between
1,000 and 2,000 stopes from seven mines will be
analysed. Relevant parameters have been collected for
all the stopes.

2. Develop new stope design tools to forecast overbreak
and underbreak on an octree level (Figure 2) but,
more precisely, the mined shape based on expanded
databases. Include new factors that may have
significant influence on overbreak or underbreak such
as drill and blast, major structures, and complicated
stope shapes.

3. Develop an interactive stope design app in mXrap.
Investigate the possibility of adding probabilistic
capability to the design process.

4. Integrate all steps of the stope design and
reconciliation process into mXrap to enable efficient
data manipulation and analyses and semi-automated
reporting (i.e. produce significant time savings for
personnel involved in the design and reconciliation
processes).

5. Roll out the stope design and reconciliation app to
project sponsors.

6. Investigate the possibility of including economic
analyses in the design process.

Projected u Development
Distance Surveys

nat B Mined
3 Design

Figure 2. Overbreak and underbreak experienced in the hanging
wall is displayed per octree
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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 mainresearch themes proposed: ground
support in extreme ground conditions, and ground support
optimisation and the use of probabilistic approaches.

Theme 1: Ground support in extreme
ground conditions

Research into ground support in extreme ground
conditions was purposely ignored during GSSO Phase 1, to
concentrate our efforts on filling the gaps and to update the
state-of-the-art of existing ground support design methods
in ‘non-extreme’ ground conditions. In Phase 2 of GSSO,
ground support in rockbursting and squeezing ground
conditions will become a major focus.

Three sub-projects are proposed under theme 1 Extreme
ground conditions:

e Sub-project 1. Ground support guidelines for
rockburst-prone conditions

e Sub-project 2. Ground support guidelines for
squeezing ground

e Sub-project 3. Supporting development mining faces
against strainburst (scoping study)

Due to the complexity of the rockburst problem, the
research team and industry have come to the realisation
that many years of research will be required before a reliable
analytical method can be developed to analyse ground
support requirements in such conditions. However, sub-
project 1 is proposed on the basis that rapid improvements
of empirical approaches are possible by taking advantage
of new data collection and addressing some of the known
shortcomings of existing empirical approaches, and
by developing improved ground support guidelines in
rockbursting conditions.

Duringthe last decade, asignificant amount of work has been
completed and important advancements have been made
on understanding, modelling and forecasting the intensity
of squeezing ground. In sub-project 2, it is proposed to take
advantage of this progress and update the latest ground
support practices at mine sites experiencing squeezing
ground to develop new guidelines for these conditions.
Sub-project 3is an initial first step in bringing expertise from
around the world together to use novel ground support
approaches to better mitigate the increasing threat of
strainbursting in deep mines.

Theme 2: Ground support optimisation
and the use of probabilistic approaches
Four sub-projects are proposed under this theme, which aim
at optimising ground support designin ‘non-extreme’ ground
conditions and are particularly relevant for mines interested
in evaluating different ground support systems, or reducing
ground support costs without compromising safety.

The research will aim at providing practical and user-friendly
tools enabling mine operators to assess the probability
of failures (or reliability) of different ground support
approaches in a ‘quasi-static’ loading environment. In the
context of ground support optimisation, the new tools will
allow geomechanical engineers to demonstrate, for example,
that some lower cost ground support options may not have
a significant impact on the probability of failure, and as such
provide a sound justification to stakeholders for changing
and optimising current practices.

The four sub-projects are:

e Sub-project 4. Development of discrete fracture
network (DFN)/block model limit equilibrium ground
support design tools

e Sub-project 5. Probabilistic ground support design
using non-explicit numerical modelling

e Sub-project 6. Shotcrete specification in mining

e Sub-project 7. Ground support ‘capacity
consumption’ monitoring (scoping study)

In GSSO 1, we have established, through a comprehensive
review of mining practices, that there are three main
approaches to ground support design in mining, and each
approach is fit for a specific purpose:

1. At the early stage of mining and feasibility study,
when experience in local conditions is non-existent
and geotechnical data has significant uncertainty:
Empirical methods are preferred (i.e. traditionally,
the Grimstad-Barton chart, now to be replaced by
the new GSSO 1 empirical design guidelines (Potvin &
Hadjigeorgiou 2016).

2. In existing mines, when the instability is dominated
by geological structures and low-stress environment:
Analytical, or limit equilibrium methods, are used
effectively (i.e. Unwedge, DFN models).

3. In high-stress conditions, when the failure mechanism
is largely influenced by stress: Numerical modelling (in
particular the non-explicit) methods are better suited
tools.



However, a true optimisation process must be based not
only on design algorithms but also on a sound engineering
approach and as such, applying probabilistic methods is
an essential way forward to remove some of the bias in
geotechnical engineering decision making. Probabilistic
approaches in mining are currently restricted to a few
slope stability cases lead by a few experts. Existing tools
are acutely deficient for a wider spread of this important
technique.

Sub-project 4 aims at promoting the use of probabilistic
approaches when a structurally controlled failure is
anticipated and limit equilibrium methods are to be used. In
particular, the relatively new DFN method, in conjunction
with probabilistic approaches, will be developed into a set of
user-friendly tools to enable mine practitioners to become
involved in sound engineering ground support optimisation
processes. Sub-project 5 also promotes probabilistic
approaches through the development of user-friendly tools,
in a scenario where stress-driven failure is anticipated and
non-explicit numerical modelling methods are to be used.

Shotcrete is intensively used in mining and the design rules
applied are largely based on civil tunnelling applications,
which have very little relevance to mining applications.
Sub-project 6 proposes to re-visit these rules and
customise them for mining. It is believed that significant
industry-wide savings can be achieved by re-defining the
current shotcrete design rules. Sub-project 7 is a scoping
study on monitoring ground support degradation. When
ground support has degraded beyond a certain functional
threshold, rehabilitation is required, which carries a
significant cost and disruption to the operation. This is a
necessary decision required to address an important safety
hazard, but currently, these decisions are only based on
visual assessment due to the current lack of tools to monitor
ground support degradation.

For additional details about the above sub-projects, please
contact the ACG.

Potential benefits to industry and the
community

The benefits of this research are twofold: it will improve
safety and profitability of underground mines. In a broader
context, it will also significantly improve the feasibility of
mining deeper deposits, which is a key strategic issue for
Western Australia as well as for mining companies operating
worldwide.

In terms of improving safety, sub-projects 1 and 3 are
specifically focused on developing solutions to mitigate

rockburst and strainburst risks, which are not only acommon
problem in deep mines, but arguably one of the highest risks
for these mines. Sub-project 7 is also aiming at improving
safety by working towards the development of innovative
tools to monitor ground support degradation and assist in
the very important rehabilitation decision-making process.

As modern mines became safer, ground support costs are
also a significant portion of the total mining costs. There
are opportunities to optimise ground support and reduce
these costs without compromising safety. The economic
benefits of sub-projects 4, 5 and 6 will come from providing
mine engineers with practical and usable ground support
optimisation tools. In particular, sub-project 6 on shotcrete
may offer rapid and significant benefits in terms of
customising shotcrete specifications for mining applications.

Project sponsorship and support
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of the project:
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DSl International, Australia
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Background

This ACG research project aims to equip the mining industry
with support systems knowledge to mitigate strainburst and
rockburst risk.

As mines continue to be mined deeper and open pits
expand, strainbursts and rockbursts are increasing the
cost of mining safely, i.e. ground support requirements,
microseismic monitoring, restrictions to production and
sequencing, as well as delays in re-entry, sometimes lead to
the premature closure of a mine. These problems are a major
threat to the future exploitation of deep mining resources.
Several strainburst and rockburst risk management
approaches are available and are currently used by many
mines. However, once the mining method and sequence
are determined, the hazard state is more or less locked in,
leaving implementation of dynamically resistant support as
one of the only short-term controls of excavation damage
potential. Consequently, the selection of an appropriate
dynamic support system is of paramount importance in
managing burst risks in mines. To aid industry to design
more appropriate support systems to mitigate the potential
problem, in 2016, the ACG commenced an industry and
Minerals Research Institute of Western Australia (MRIWA)
funded research project into ‘Rock properties to predict
rockburst vulnerability in three dimensions’ (MRIWA Project
MO0464). The estimated completion date of this project is
October 2021.

Project objectives

This ACG research project examines the properties of rocks
in 3D recovering the in situ stress and then proceeding
to measure the pre-peak and post-peak behaviour in
order to identify where rockburst could occur. Pre-peak
behaviour is dominated by rock brittleness and fracture
generation. Post-peak behaviour is likely to be dominated
by rocks that release energy following failure; called
Class Il or self-sustaining behaviour. The aim is to identify
early indicators of fracture toughness and Class Il behaviour
and to examine whether this is directional or not.

Once the rockburst potential nature can be identified,
Dight et al. (2013) have shown that the energy from the
self-sustaining behaviour can be related to the ejection
velocity, which means that the demand on and parameters
for ground support may be determined for dynamic
situations. Examples are shown in Figures 1-3.

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 support systems that

are more appropriate. This will contribute to making deep
mines safer and more sustainable in the future.

The research project team are exploring

in situ stress recovery,
pre-peak intact properties,

post-peak properties (energy demand from Class Il
behaviour), and

demand for the design of dynamic support.

Project sponsors

Minerals Research Institute of Western Australia
Aeris Resources, Tritton Resources Limited

Agnico Eagle Mines Limited, LaRonde Mine
AngloGold Ashanti Australia, Sunrise Dam Gold Mine
BHP Nickel West

BHP Olympic Dam

Ernest Henry Mining Pty Ltd (a Glencore Company)
Gold Fields Australia Pty Ltd, Granny Smith Mine

Gold Fields Australia Pty Ltd, South Deep, Agnew
and St lves 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

For more information, please visit acg.uwa.edu.au/sburst or
contact the ACG. Article references are available on request.

Project leader

Phil Dight
Professor of Geotechnical Engineering
Australian Centre for Geomechanics
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Collaborating universities

The majority of the research work is conducted at The
University of Western Australia. Further laboratory work
is being carried out at the University of Adelaide. The
research undertaken by Monash University included the
consideration of pre-peak and dynamic studies through
the application of geological investigations and numerical
modelling in three dimensions.

The research project team

e Professor Phil Dight, Project Leader, Australian
Centre for Geomechanics

e DrHongyuWang, Research Associate, Australian
Centre for Geomechanics

e Professor Arcady Dyskin, Chair, Computational
Mechanics Discipline Group, The University of
Western Australia

e AiLi(Ellie), Laboratory Technician, Australian
Centre for Geomechanics

e Hayden Reynolds-Collins, Laboratory Technician,
Australian Centre for Geomechanics

e  Sheehan Gabriel, Laboratory Technician, Australian
Centre for Geomechanics

e Dr Ariel Hsieh, former Research Fellow, Australian
Centre for Geomechanis, Sub-project Leader from
2016 to 2018

e Dr Selahattin Akdag, former Research Associate,
Australian Centre for Geomechanics, contributor
from 2019 to 2020

e Max Lee, Adjunct Research Associate, Monash
University

This team is supported by the following PhD candidates:

e Broadus Jeffcoat-Sacco, The University of Western
Australia (ACG)

e Jonathan Cabrejos Hurtado, The University of
Adelaide

PhDs awarded
e Dr Ali Keneti, Monash University

e DrHongyuWang, The University of Western
Australia (ACG)
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Figure 1. Early spallation, prior to peak load. A thin lenticular
slab breaks up (buckles?) and the fragments eject with rotation
and velocity towards the cameras.

Sample is cement mortar with 0.1 sand/cement ratio - a brittle
mixture. The front face has been painted with speckles to
facilitate Digital Image Correlation to measure deformation.
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Figure 2. Buckling-type spallation has occurred at lower left and
upper right, and is now occurring at lower-right. This image was
taken at the peak load. Thin fragments are ejected with rotation
and velocity towards the cameras.
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Figure 3. Ultimate spallation and detachment of the free face
occurs in the post-peak. Some ejection is visible at upper right;
however, the majority of large fragments simply fall by gravity.



The ACG research portfolio is considerable, our major
research projects underway are summarised below:

Stope Design and Reconciliation Phase 2

2 year project (commenced July 2020)
Budget: $280,000

Key researchers: Professor Yves Potvin, Dr Kyle
Woodward, Associate Professor Johan Wesseloo,
Australian Centre for Geomechanics; Benoit McFadyen,
PhD Student, Université Laval.

Sponsors: BHP Olympic Dam; Glencore Mount Isa Mines;
IAMGOLD Corporation; MMG Limited.

This research project is looking at new ways of performing
stope reconciliation and optimising open stope design in
underground mining.

For further details, please visit: acg.uwa.edu.au/stope-
design-phase-2

Probabilistic Stope Design

2 year project (commenced August 2017, completed
December 2019)
Budget: $430,000

Key researchers: Professor Yves Potvin, Dr Kyle
Woodward, Associate Professor Johan Wesseloo,
Australian Centre for Geomechanics.

Sponsors: Agnico Eagles 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: bit.ly/stope-rec

Rock Properties to Predict Rockburst
Vulnerability in Three Dimensions

4 year project (commenced October 2016; due for
completion October 2021)
Budget: $2,140,000

Key researchers: Professor Phil Dight, Dr Hongyu Wang,
Australian Centre for Geomechanics.

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 ACGresearch project aims to equip the miningindustry
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: bit.ly/strainburst

Ground Support Systems Optimisation
Phase 2

3 year project (commenced September 2018)
Budget: $2,081,250

Key researchers: Professor Yves Potvin, Associate
Professor Johan Wesseloo, Dr Joseph Mbenza, Australian
Centre for Geomechanics; Professor John Hadjigeorgiou,
Toronto University.

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.


http://acg.uwa.edu.au/stope-design-phase-2 
http://acg.uwa.edu.au/stope-design-phase-2 
http://bit.ly/stope-rec
http://bit.ly/strainburst

Minor sponsors: DSI Underground; Garock Pty Ltd;
Jennmar Australia Pty Ltd; New Concept Mining South
Africa; 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: bit.ly/gsso-2

Safe, Sustainable Management of
Filtered Tailings

3-year project (commenced October 2018)
Budget: $482,500

Key researchers: Professor Andy Fourie, Dr Jinglong Gao,
The University of Western Australia.

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: bit.ly/filtered-tailings

Towards a Mechanistic Understanding
of Electrokinetic In-situ Leaching

3-year project (commenced January 2020)
Budget: $842,605

Key researchers: Professor Andy Fourie, Dr James
Jamieson, The University of Western Australia; Professor
Henning Prommer, The University of Western Australia
and CSIRO; Associate Professor Massimo Rolle, Technical
University of Denmark.

Sponsors: BHP; Evolution Mining; Newcrest Mining;
Newmont Australia; and the Minerals Research Institute of
Western Australia.

In situ leaching coupled with electrokinetics (EK-ISL)
potentially enables recovery of metals from (sub-economic)
ores with a significantly smaller environmental footprint
than current mining approaches. This project is seeking a
refined process understanding of the gold EK-ISL system
and explores the potential of EK-ISL on liberating and
recovering other metals such as copper.

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: Stuart Tierney (PhD Student), Associate
Professor Johan Wesseloo, Australian Centre for
Geomechanics.

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

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

Advancing the Physical and Numerical
Modelling of Caving Mechanics

2 year project (commenced May 2018; extended till June
2021)
Budget: $98,000

Key researchers: Associate Professor Johan Wesseloo,
Dr Daniel Cumming-Potvin, Australian Centre for
Geomechanics.

Sponsor: Newcrest Mining Limited.

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 which is

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


http://bit.ly/gsso-2
http://bit.ly/filtered-tailings

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: bit.ly/cave-prop

Physical Modelling of Cave Break-
through

2 year project (January 2019; extended till June 2021)
Budget: $57,000

Key researchers: Dr Daniel Cumming-Potvin; Associate
Professor Johan Wesseloo, Professor Yves Potvin,
Australian Centre for Geomechanics.

Sponsor: OZ Minerals Carrapateena Pty Ltd.

The main aims of this project are to: better understand
the process of cave breakthrough into an existing cave
and the associated mechanisms; test the efficacy of
commonly used seismic analysis techniques in describing
cave propagation and breakthrough; and test the efficacy
of numerical modelling in describing cave propagation and
breakthrough, including the impact of different levels of
knowledge on the numerical modelling efficacy.

This project is carried out in collaboration with the
Geotechnical Centrifuge Laboratory at the University of
Pretoria’s Civil Engineering Department (UPCE) in South
Africa.

Blast Testing of Ground Support at Cadia
Mine

2 year project (commenced November 2018; extended till
June 2021)
Budget: $275,000

Key researchers: Professor Yves Potvin, Associate
Professor Johan Wesseloo, Dr Daniel Cumming-Potvin;
Australian Centre for Geomechanics.

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 seismicrisk. 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.



http://bit.ly/cave-prop

During 2019, the ACG’s further education and training
programme attracted a large number of mining
professionals.

In 2020, in response to COVID-19 restrictions, the ACG
mastered the challenge of transforming its continuous
education programmes and international conferences to
online events, and later in the year to events facilitating
both in-person and online attendance.

THEACG’S

PROVIDES A SOLID BASE FOR THE
TRANSFER OF

BASED ON KNOWLEDGE GATHERED FROM LOCAL AND
INTERNATIONAL SOURCES

2019 EVENTS

Introduction to Risk-Based Design and
Probabilistic Methods Workshop
Perth, Western Australia, 8 April 2019

First International Conference on Mining
Geomechanical Risk
Perth, Western Australia, 9-11 April 2019

Workshop in Mining Geomechanical Risk -
Part Two (Underground)
Perth, Western Australia, 12 April 2019

Workshop in Mining Geomechanical Risk -
Part Two (Open Pit)
Perth, Western Australia, 12 April 2019

Workshop in Mining Geomechanical Risk -
Part Two (Paste/Tailings)
Perth, Western Australia, 12 April 2019

Is the Future Filtered? Paste and Thickened
Tailings Short Course
Cape Town, South Africa, 7 May 2019

22nd International Conference on Paste,
Thickened and Filtered Tailings
Cape Town, South Africa, 8-10 May 2019

Blasting for Stable Slopes Short Course
Perth, Western Australia, 11-13 June 2019

Ground Support in Underground Mining
Short Course
Perth, Western Australia, 23-25 July 2019

Pit Lake Closure Planning Workshop
Perth, Western Australia, 1 September 2019

Reimagine. Repurpose. Relinquish. Workshop
Perth, Western Australia, 1 September 2019

Landform Design, Modelling for Mine
Rehabilitation and Closure Workshop
Perth, Western Australia, 2 September 2019

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

Monitoring Performance of Ground Support
Workshop
Sudbury, Canada, 22 October 2019

Ninth International Symposium on Ground
Support in Mining and Underground
Construction

Sudbury, Canada, 23-25 October 2019

2020 EVENTS

Static Liquefaction Workshop
Online, 17-18 March 2020

2020 International Symposium on Slope
Stability in Open Pit Mining and Civil
Engineering Online Event

Online, 12-14 May 2020

Practical Rock Mechanics for Metalliferous
Underground and Open Pit Mining Online
Course

Online and in-person
Perth, Western Australia, 3-5 August 2020

Managing Seismic Risk in Underground Hard
Rock Mines Online Short Course

Online and in-person
Perth, Western Australia, 6-7 August 2020

Ground Support in Underground Mines Short
Course

Online and in-person
Perth, Western Australia, 19-23 October 2020

Monitoring the Performance of Underground
Excavations Workshop

Online and in-person
Perth, Western Australia, 2 November 2020

Second International Conference on
Underground Mining Technology Online Event

Online and in-person
Perth, Western Australia 3-4 November 2020

Tailings Management: Responding to
Emerging Challenges Seminar

Online and in-person
Perth, Western Australia, 2-3 December 2020



The ACG’s onsite training courses seek to deliver the latest
technologies and information to the mining workforce

in accordance with site-specific requirements and
applications. Our training and further education platform
provides a strong base for the transfer of technological
developments and practices based on knowledge gathered
from local and international sources.

2019 & 2020 ONSITE TRAINING

Risk-Based Design Workshop
MineGeoTech Pty Ltd, Perth, 5 September 2019

Ground Support for Underground Mines
(Online)
Glencore Mount Isa Mines, 25-27 August 2020

Geomechanics Data (Online)
Glencore Mount Isa Mines, 8-10 September 2020

Geomechanics Design (Online)
Glencore Mount Isa Mines, 22-24 September 2020

ON THE HORIZON

24th International Conference on Paste,
Thickened and Filtered Tailings

Online and in-person
Perth, Western Australia, 21-23 September 2021

This conference is the twenty-fourth in the series of

international conferences on paste, thickened and filtered
tailings (P&TT) initiated by the ACG in 1999.

acgpaste.com

Second International Slope Stability in
Mining Conference
Online and in-person
Perth, Western Australia, 26-28 October 2021
This conference follows on from the First Asia-Pacific Slope
Stability in Mining Conference.

acgsurfacemining.com

Fifth International Symposium on Block and
Sublevel Caving

Online and in-person

Adelaide, South Australia, May 2022

This follows previous symposia held in Cape Town, 2007;
Perth, 2010; Santiago, 2014; and Vancouver, 2018.

acgcaving.com

15th International Conference on Mine Closure
Melbourne, Victoria, 27-29 September 2022
This follows previous conferences starting from 2006,

through to Vancouver, 2015; Perth, 2016; Perth, 2019; and
scheduled for Ulaanbaatar, 2021.

acgmineclosure.com

The ACG has more than 20 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,
committee, 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 Catdlica de Chile; and UNSW Sydney,
the ACG is pleased to have been the founding body and/or
key collaborator for the following event series:

e International Seminars on Paste, Thickened and
Filtered Tailings

e International Conferences on Mine Closure

e International Conferences on Deep and High Stress
Mining


http://acgpaste.com
http://acgsurfacemining.com
http://acgcaving.com
http://acgmineclosure.com
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Ground Support for underground mines

The Australian Centre for Geomechanics (ACG), The
University of Western Australia, is dedicated to conducting
geomechanical research, sharing knowledge and providing
education to industry with a view to improving safety,
maximising economic return and reducing environmental
impacts of mining activity. As a result of considerable
hard work towards these goals, the ACG is delighted to
announce the publication of a new targeted book, Ground
Support for underground mines.

Ground Support for underground mines was written in
response to industry’s need for a new book on ground
support, with the target audience being practicing
geotechnical and mining engineers who have the task of
designing ground support systems in mines. It is a valuable
resource for all underground mining professionals,
researchers and university students. The authors have
undertaken to describe existing and novel ground support
design methods, and to provide practical tips and advice on
the design process.

Background

In 2013, the ACG commenced the international research
project, Ground Support Systems Optimisation (GSSO), to
explore whether it is possible to optimise ground support
systems with the aim to maintain, if not improve, mine
safety while reducing costs and/or time components. The
project featured three sub-projects: probabilistic ground
support design; the use of numerical modelling for ground
support design; and benchmarking of current ground
support design practices. The results from these sub-
projects fed into the writing of a new comprehensive, yet
practical, underground mining support book.

The GSSO research project is currently in its second phase,
which is due for completion in September 2021.

Authors

The book was authored by Professor John Hadjigeorgiou,
University of Toronto, Canada and Professor Yves Potvin,
Australian Centre for Geomechanics, The University
of Western Australia, Australia, with contribution from
selected experts on specific topics.

Sponsors

The Ground Support for underground mines book was
developed with funding and support from a number of
industry sponsors.

Major project sponsors:

o Minerals Research Institute of Western Australia
o Codelco Chile

e Glencore Mount Isa Mines

¢ |GO Limited

© MMG Limited

e Australian Centre for Geomechanics

Minor project sponsors:

e Atlas Copco Australia Pty Limited (now Epiroc)
e DSI Underground

e Fero Strata Australia (now DSI Underground)
e Golder

o Geobrugg AG

e Jennmar Australia

The book is available for purchase at acg.uwa.edu.au/shop/
gs50
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Yves Potvin & John Hadjigeergiou

Australian Centre for Geomechanics
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Unsaturated Soils Guidelines — Volume 1
Soil-Water Characteristic Curves for Materials
Classified According to the Unified Soil
Classification System

In 2019, the ACG published Unsaturated Soils Guidelines -
Volume 1. Authored by Dr Ken Mercer, 3rd Rock Consulting,
Professor Harianto Rahardjo, Nanyang Technological
University (NTU), Singapore, and Dr Alfrendo Satyanga,
formerly NTU, these guidelines detail the key aspects and
behaviour of unsaturated soils. The publication provides
industry personnel with the information that will assist
them in managing these work areas and to relate to and
brief their design consultants.

Of unsaturated soil mechanics importance is the use of the
soil-water characteristic curve (SWCC). Over the years, it
has emerged as key to the implementation of unsaturated
soilmechanics withinthe engineeringpractice. Additionally,
industry research has focused on ‘estimation protocols’
for both the SWCC and the subsequent unsaturated
soil property functions (USPFs), such as unsaturated
permeability function and unsaturated shear strength.

Analysis and design in geotechnical engineering have been
driven by computer-solved numerical solutions. Initially,
the numerical models focused mainly on the saturated
soil zone and were known as ‘saturated only’ analyses. The
present normis for the numerical models to simultaneously
simulate both the saturated and unsaturated soil zones.
This publication’s collection of data and the analysis of
previously collected data are of considerable value to
numerical modellers. This volume forms a seamless means
of embracing the saturated and unsaturated zones of the
soil profile into a single analysis.

This unique publication provides geotechnical and mining
engineers, and soil scientists, with initial-order estimation
for calculating USPFs, which may assist many engineering
projects. Alternatively, these initial estimations of
unsaturated soil properties may simply serve as an indicator
that further laboratory testing on soil samples is required
in order to have a trustworthy engineering design. The
guidelines seek to assist the global mining industry to
establish protocols for the determination of unsaturated soil
properties.

Unsaturated Soils Guidelines - Volume 1 was developed with
funding and support from:

. Australian Centre for Geomechanics
. E-Precison Laboratory

. Iluka Resources Limited

. Rio Tinto

This publication can be purchased at acg.uwa.edu.au/unsats

Unsaturated Soils
Guidelines - Volume 1

Soil Water Characteristic Curves for Materials
Classified According to the Unified
Soil Classification System

e

Ken Mercer | Harianto Rahardjo | Alfrendo Satyanaga
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COLLABORATING WITH INDUSTRY

TO DEVELOP

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

Best practices for drilling and blasting. A safety training
video for underground metalliferous mine workers.

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

Securing the Ground
A training video for underground mine workers.

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

OPEN PIT MINING GEOMECHANICS
Down to Earth
A training video for open pit mine workers.

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

ENVIRONMENTAL GEOMECHANICS

Tailings - From Concept to Closure

Best practices for tailings disposal. A training video for
owners and operators of tailings storage facilities.

The range of ACG training videos are available in both DVD
and online streaming format from the ACG online shop,

acg.uwa.edu.au/shop/training-dvds

UNDERGROUND MINING GEOMECHANICS
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STATEMENT OF FINANCIAL POSITION AS AT 31 DECEMBER 2020

2020 2019 2018
A$ A$ A3

Cash 2,485,267 2,960,639 4,499,258
Receivables 0 0 0
Total current assets 2,485,267 2,960,639 2,499,258
Plant and equipment 0 0 503
Total non-current assets 0 0 503
Total assets 2,485,267 2,960,639 2,499,761
Creditors and borrowings 0 0 0
Provisions (leave liabilities) 271,621 283,274 379,262
Total current liabilities 271,621 283,274 379,262
Net assets 2,213,646 2,677,365 2,120,499
Shareholder’s equity

Partner contributions 243,980 243,980 243,980
Retained profits/acc (losses) 1,969,666 2,433,385 1,876,519
Total shareholder’s equity 2,213,646 2,677,365 2,120,499

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




INCOME STATEMENT FOR THE YEAR ENDED 31 DECEMBER 2020

Income

Affiliate membership fees

Project administration

Project income - staff time

Project income - rock testing contracts
Project income - consulting, contracts and
reimbursements

Event fees and sponsorships
Publications and training materials
Publications contracts and sponsorships
Interest

Profit on trade-in of vehicle

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 for internal projects
Depreciation

Loss on trade-in of vehicle

Specialist publications

Student related expenses incl. special projects

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

2020 2019 2018
A$ A$ A$
38,335 45,000 40,000
217,557 233,801 180,086
576,647 270,488 144,421
320,694 154,080 67,710
-57,062 24,179 124,154
526,325 2,238,272 1,681,918
93,260 51,989 41,291
0 0 0
17,442 14,521 16,140
1,542 0 0
0 0 60,322
148,048 2,567 102,000
1,882,788 3,029,763 2,458,042
1,847,611 1,572,921 1,158,271
25,206 0 0
-11,653 -95,988 36,460
8,061 2,586 0
149,330 91,983 150,190
245,297 810,362 422,720
10,003 29,999 12,980
20,345 24,358 54,087
12,164 0 0
0 503 4,848
0 0 0
36,292 18,836 108
851 17,337 11,241
2,346,507 2,472,897 1,850,905
-463,719 556,866 607,137
1,104,819 547,953 -59,184
641,100 1,104,819 547,953

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



STATEMENT OF CASHFLOWS FOR THE YEAR ENDED 31 DECEMBER 2020

Cash flow from operating activities

Receipts from customers

Payments to suppliers and employees

Interest received

Net cash flows from/(used in) operating activities
Acquisitions of plant and equipment

Net cash flows from/(used in) investing activities
Cash flows from financing activities

Net increase/(decrease) in cash held

Add: Opening cash brought forward

Closing cash carried forward

2020 2019 2018
A$ A$ A%

1,863,804 3,015,242 2,441,902
-2,356,618 -2,568,382 -1,809,597
17,442 14,521 16,140
-475,372 461,381 648,445
0 0 0
0 0 0
-475,372 461,381 648,445
2,960,639 2,499,258 1,850,813
2,485,267 2,960,639 2,499,258

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 2020

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.

(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.




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
Provision for employee entitlements

Included in the operating profit/(loss) are the
following items of operating revenue

Affiliate membership fees

Industry funding special projects and
reimbursements

Project administration, staff time and contracts
Event fees and sponsorships

Publications and training materials

Interest - other persons/corporations

Profit on sale of vehicle

Publications contracts and sponsorships

UWA student and research allocation

Total revenue

Receivables
Other debtors

Total receivables

Plant and Equipment
At cost

Provision for depreciation

Total plant and equipment

NOTES TO AND FORMING PART OF THE FINANCIAL STATEMENTS
AT 31 DECEMBER 2020 (continued)

2020
A$

0
271,621

38,335
90,986

1,114,898
526,325
93,260
17,442
1,542

0]

0]
1,882,788

136,223
-136,223
0]

2019
A$

503
283,274

45,000
21,612

658,369
2,238,272
51,989
14,521

0

0

0
3,029,763

136,223
-136,223
0

2018
A$

4,848
379,262

40,000
226,154

392,217
1,681,918
41,291
16,140

0

0

60,322
2,458,042

136,223
-135,720
503




5 Creditors and Borrowings (current)

Trade creditors and accruals

Provisions (current)

Employee entitlements

Partner Contributions

CSIRO opening/closing balance

WA School of Mines opening/closing balance
UWA Geomechanics opening/closing balance
UWA Geology

DMP* (previously DolR) opening/closing balance
* contribution mainly provided in-kind

Total partner contributions

Statement of Cash Flows

Reconciliation of net profit/(loss) to the net cash
flow from operations

Net profit/(loss)

Changes in assets and liabilities

- Other debtors

- Trade creditors and accruals

- Employee entitlements provision
Depreciation

Loss on trade-in of vehicles

Net cash flow from operating activities

NOTES TO AND FORMING PART OF THE FINANCIAL STATEMENTS
AT 31 DECEMBER 2020 (continued)

2020
A$

271,621

60,320
60,320
60,520
60,320

2,500

243,980

-463,719

-11,653
0

0
-475,372

2019
A$

283,274

60,320
60,320
60,520
60,320

2,500

243,980

556,866

-95,988
503

461,381

2018
A$

379,262

60,320
60,320
60,520
60,320

2,500

243,980

607,137

36,460
4,848

648,445




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.

PHIL DIGHT
Books (Editor)

Dight, PM 2020, Proceedings of the 2020 International
Symposium on Slope Stability in Open Pit Mining and
Civil Engineering, Australian Centre for Geomechanics,
Perth, https://doi.org/10.36487/acg_repo/c/ss2020

Books (Chapters)

Thompson, PW, MacGregor, S & Dight, P 2020,
‘Instrumentation monitoring at an underground mine
to establish failure mechanisms, confirm numerical
modelling and determine safe working conditions’,
Geotechnical Instrumentation and Monitoring in Open
Pit and Underground Mining, pp, 501-511, https://doi.
org/10.1201/9781003077756-61.

Journals

Wang, H, Dyskin, AV, Pasternak, E, Dight, PM &
Sarmadivaleh, M 2019, ‘Experimental and numerical
study into 3D crack growth from a spherical pore in biaxial
compression’, Rock Mechanics and Rock Engineering,
vol. 53, no. 77, https://doi.org/10.1007/s00603-019-
01899-1

Wang, H, Dyskin, AV, Pasternak, E & Dight, PM 2020,
‘3D crack growth in biaxial compression: Influence of
shape and inclination of initial cracks’, Rock Mechanics
and Rock Engineering, https://doi.org/10.1007%2
Fs00603-020-02089-0

Zhang, X, Chiu, YW, Hao, H, Hsieh, A, Dight, P & Liu, K 2020,
‘Dynamic compressive properties of Kalgoorlie basalt
rock’, International Journal of Rock Mechanics and Mining
Sciences, vol. 135, no. 104512, https://doi.org/10.1016/j.
ijrmms.2020.104512

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

Maldonado, A, Dight, PM & Mercer, K 2020, ‘The intact
rock strength of anisotropic rocks in the Pilbara: The use
of field estimations, practical limitations of calibrations
and statistical bias’, Proceedings of the 2020 International
Symposium on Slope Stability in Open Pit Mining and
Civil Engineering, Australian Centre for Geomechanics,
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ON THE HORIZON

PASTE AND THICKENED TAILINGS

— A GUIDE (THIRD EDITION) TO BE
TRANSLATED

The third edition of Paste and Thickened Tailings - A
Guide is to 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. The translated paste
guide is expected to be available in 2021. 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 list of upcoming ACG publications, visit
acg.uwa.edu.au/future-publications

Paste and Thickened
Tailings — A Guide

EDITORS RJ.Jewell and A.B. Fourie

THIRD EDITION
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The ACG Online Repository of Conference Proceedings
(Repository) is the leading open access mining geomechanics
repository, established as part of the ACG’s commitment to
sharing mining research, knowledge and education to both
industry and academia.

Covering the broad range of underground, open pit, mine
closure, and paste, thickened and filtered tailings (PTT)
disciplines, the Repository is home to 2,579 peer-reviewed
papers from 48 ACG and co-hosted international mining
events, of which 1,900 have been made freely available
to industry. It has proven to be a valuable resource to the
mining community. There are 709 underground, 315 open
pit, 412 mine closure, and 464 PTT papers, with more than
431,500 paper downloads since Repository inception in
March 2017.

COVID-19 introduced unprecedented challenges and
disrupted the traditional in-person event transfer of
technology, methodology and knowledge to the global
geomechanics community. In the face of much uncertainty
and a fluid event landscape, rather than cancel or postpone
the ACG 2020 International Symposium on Slope Stability in
Open Pit Mining and Civil Engineering, the ACG worked to
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convert the symposium from an in-person event to an online
event and successfully published 125 technical papers.
The Second International Conference on Underground
Mining Technology, and the 23rd International Conference
on Paste, Thickened and Filtered Tailings papers were
made available during 2020. During 2019, papers from the
13th International Conference on Mine Closure, Ninth
International Symposium on Ground Support in Mining and
Underground Construction, and the 22nd International
Conference on Paste, Thickened and Filtered Tailings
became freely available from the Repository.

Since the start of the pandemic, the Repository has
demonstrated a positive trend with a growth of over 38%
from 2019 to 2020, and an increase in average monthly
paper downloads of 15,087 per month compared to 10,912
per monthin 2019.

The below chart details the annual year on year growth of
paper downloads by each mining geomechanics discipline.
The 2021 forecast is to exceed 200,000 paper downloads,
after exceeding 180,000 downloadsin 2020. Thisrepresents
aforecast 20% year over year growth.
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ACG Online Repository of Conference Proceedings - yearly paper downloads by mining geomechanics discipline. Source: ACG internal

analysis as at 31 December 2020



Aside from allowing users to download numerous past and
current conference papers freely, the site features several
other useful functions. The highly interactive and searchable
repository provides importable citation information in
various formats, links to the paper authors’ profiles on
ORCID, ResearchGate, and LinkedIn, and the ability to share
papers on social media.

The ACG has committed to support past and future
conference authors by providing a platform where they can
build a profile, showcase their available Repository papers,
and share their work via social platforms. The Repository
provides authors with the opportunity to generate interest
in current and future work by providing people with access
to past content. Industry and academia have access to
papers published by many highly regarded authors in the
community. Future geotechnical engineers will benefit from
the past work of their peers.

In 2021, the ACG is introducing ProMPT: Proceedings
Management Portal and Tracker. This online system will
streamline the paper publication process and provide a more
modern and familiar approach for authors, reviewers, and
editors.

View the Online Repository at papers.acg.uwa.edu.au

Accessing geomechanical excellence
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MineClosure

28,000+

paper downloads of the
MC 2019 proceedings

1,700+

since September 2019

Data source: ACG internal analysis, March 2021

paper downloads per month

People from

131

different countries have
viewed MC 2019 papers

464

mine closure papers can be
freely accessed online

Mine Closure 2019 Conference papers have the highest
monthly download of all papers in the ACG Online
Repository of Conference Proceedings

PAPERS. ACGUWAEDUAU/MINECLOSURE
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Corporate 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.

The ACG was delighted to have nine Corporate Members
for 2019-2020.

AFFILIATE MEMBERSHIP ENTITLEMENTS

CORPORATE AFFILIATES
ATC Williams Pty Ltd
BHP Iron Ore
Canary Systems
New Concept Mining, powered by Epiroc
Newmont Australia
Pells Sullivan Meynink
Reutech Mining
Sensemetric
SRK Consulting Australia

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:

e copies of newsletters and annual reports,

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

e invitations to seminars and technical meetings,

e discounted event registration fees for ACG short
courses, seminars, workshops,

e discounts on project, research reports and

e discounts on ACG event proceedings,

e access to 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

training materials, technology.
Industry Partners Joint Venture Partners
Industry Board Members Board of Management JV Partner Representatives
Corporate Affiliate Members Centre Directorate CSIRO —
Mineral Resources
B The University of Western
Australia —
Technical Staff School of Civil, Environmental

Professional Staff

and Mining Engineering



The Australian Centre for Geomechanics’ Board of
Management (BOM) comprises of an independent
chairperson, director of the Centre, and industry as well as
Joint Venture Partner representatives. The Board meets
three times a year to present strategic direction for the
Centre, review and approve activities and operations and
to provide counsel.

In November 2020, Professor John Dell, Executive Dean
of the Faculty of Engineering and Mathematical Sciences
(EMS), The University of Western Australia (UWA), retired
from the ACG BOM after over ten years of service.

John joined the UWA Engineering Faculty in 1994, after
working for 10 years in industry developing technologies
for optoelectronics at Telecom Research Laboratories in
Australia, and space radiation effects at Matra Marconi
Space Systems (now EADS) in France. He was appointed
Dean of the Faculty of EMCin 2010 and was then appointed
Executive Dean of the Faculty of EMSin 2017.

With more than 300 refereed publications, John’s work
resulted in the awarding of a number of US and Australian
defence contracts. He is joint winner of the inaugural
DSTO/Australia Museum Eureka Prize for Outstanding
Science in Support of Defence or National Security. This
technology is being developed for real-time analysis of soil
properties for agriculture, as well as applications in food
science, defence and medicine.

John has a strong commitment to research and teaching
and believes the nexus between the two is essential. He is
particularly interested in developing leadership in students
and graduates, and an understanding solutions are not only
technical but have social, economic and cultural dimensions
that need to be taken into account.

The BOM acknowledges and thanks Professor Dell for his
many years of commitment, generous contribution and
unwavering support of the ACG.

During 2019-2020, the ACG BOM was delighted to
welcome onboard new member, Professor Tim Sercombe,
Head of School and Dean, School of Engineering, UWA.

Joint Venture Partner

Representatives (2)

Dr Ewan Sellers

Chair (from industry)

Mr lan Suckling
Gold Fields Australia Pty Ltd

Industry Representatives
(up to 4)

(CSIRO - Hard Rock Mining Program)

Mr Michael Dunn

Professor John Dell
(The University of Western Australia
— Executive Dean, Faculty of
Engineering and Mathematical
Sciences)

Professor Tim Sercombe*
(The University of Western Australia
— School of Engineering)

*from November 2020 onwards

Centre Director (non-voting)

Professor Yves Potvin and
Associate Professor Johan
Wesseloo*

(Australian Centre for Geomechanics
- The University of Western
Australia)

*Associate Professor Johan Wesseloo
from May 2019 onwards

(Evolution Mining Ltd 2019
Debswana Diamond Company 2020)

Dr German Flores-Gonzalez
(Newcrest Mining Limited)

Dr Daniel Heal
(BHP)

1 Period 2019-2020
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