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It was my great privilege in 2023 to take
over from lan Suckling as the Chair of
the Australian Centre Geomechanics’
) Board of Management. lan has been
. a familiar face throughout my own
25-year association with the ACG, first
when | was an undergraduate honours
student at The University of Western
Australia, through my postgraduate
studies at ACG, as a research fellow
leading the ACG mine seismicity
research, an industry participant
when | joined BHP, and then as a Board member since 2012.
lan left the ACG in great shape. | know these are big shoes
to fill and hope the Board and | can continue to advance the
ACG'’s mandate to provide research, training and technology
transfer in the geomechanics disciplines to the mining
industry.

o’

Dr Daniel Heal

The ACG is a joint venture between the Australian
Commonwealth  Scientific  and  Industrial Research
Organisation (CSIRO) and the University of Western
Australia, where it is based. It is uniquely placed as an
education and training provider to the mining industry in
geomechanics related disciplines, while also undertaking
research and technology training in those fields. In its 33-year
history, the ACG has witnessed the ups and downs of the
commodity cycle, however the fact that it has remained
strong throughout the downtimes is testament to the quality
of its work, the strong support from its industry partners and
sponsors, and the dedication of its staff.

The last two years have seen the ACG go from strength to
strength, increasing its global reach through its research
activities and its high-quality conferences and publications.
This would not have been possible without the hard work of
the small but heavy-hitting ACG team. | particularly recognise
the extraordinary dedication of Business Manager Christine
Neskudla, who has been with the ACG since its inception in
1992, and Marketing Manager Josephine Ruddle, with tenure
of 25 years and whose network and relationships extend
across the global mining industry and have been critical in
securing the sponsorship and support required to deliver the
ACG'’s high quality conferences and training.

We are fortunate to have three globally recognised academics
driving the ACG'’s research projects. The ACG is led by its
Director Professor Johan Wesseloo, who joined the ACG
in 2007. Johan's first task as Director was to navigate the
COVID-19 pandemic, during which time the ACG not only
survived a considerable threat to much of its business but
thrived through the adoption of new technology and delivery
models. Johan also leads the Mining-induced Seismicity and

Rockburst Risk Management in Hard Rock Mines project.
Former Director Professor Yves Potvin continues to lead the
Ground Support Systems Optimisation Phase 3 project, while
Professor Phil Dight leads the ACG rock testing laboratory
which has been established as a bespoke facility offering
non-standard rock testing and stress measurement. All three
contribute to the ACG’s publications, conferences and training
while supervising many undergraduate and postgraduate
students.

The ACG's work continues to have a real impact in the mining
industry in Australia and around the world. | have seen
this firsthand through the industry uptake of ACG training,
published materials and software. In particular, | am thrilled
to see the mXrap software now being used at more than
80 mine sites, in 14 countries. This has a been a key platform
for turning the ACG'’s research into usable tools for mine site
practitioners and has evolved beyond its original scope of
mining-induced seismicity to become a broadly applicable
platform for geotechnical engineers. | can say with confidence
that mXrap has had a real impact on the safety and economic
viability of underground mines and this is an outcome the
ACG can be proud of. The mXrap Consortium is ably led by
Dr Daniel Cumming-Potvin, with software development led
by Paul Harris for the last 25 years. A global community of
mXrap users also actively contribute to its development and
regularly find new real-world applications.

As to the ACG's Board of Management, aside from Johan
and Christine, the Board comprises representatives from the
ACG's joint venture partners as well as representatives from
industry. My fellow Board members during 2023-2024 were
Professor Tim Sercombe of the UWA School of Engineering,
Dr Manoj Khanal from CSIRO, Dr Kim le Roux from Rio Tinto,
Michael Dunn from Debswana Diamond Company, Jared De
Ross from Newmont, and Dr Jeff Price from MMG Limited
(2023). This is a group full of diverse experience, strongly
committed to the ACG's goals. | extend my sincere thanks for
the Board’s guidance and enthusiasm over the last two years.

| conclude by giving my gratitude to the many industry
partners, sponsors, conference and training attendees and
research participants, without whom the ACG would not
exist. We continue to enjoy the support of many strong
advocates across mining companies, suppliers, contractors
and consultants and | hope to see this continue in the coming
years.

Thank you

Qo

Dr Daniel Heal - ACG Board Chair



The Australian Centre for
Geomechanics has been in
operation for over 30 years with a
three-pronged mandate of research,
training and technology transfer.
Some interesting statistics highlight
the Centre's activities in training
and technology transfer. Since 1992,
the ACG has presented more than
330 industry courses, and close
to 50 international conferences
attracting over 9,200 delegates. Total
event attendance since inception
exceeds 24,500 delegates.

W
Professor
Johan Wesseloo

The ACG peerreviewed and published 3,180 conference papers
since 2005. Most of these papers (2,650) are freely available
from the ACG's Online Repository of Conference Proceedings.
This is a valuable resource to industry as evidenced by close to
2.2 million downloads at the end of 2024.

The mXrap software plays an important part of the technology
transfer, providing a vehicle to disseminate research and
development outcomes to sites. The fact mXrap is now used on
more than 80 mine sites testifies to the impact and relevance
of the ACG's work. The mXrap software platform continues to
expand and provides geotechnical engineers with many data
analysis, monitoring and investigation tools. The ACG's mXrap
team has developed numerous apps that focus on allowing
users to make high-quality geotechnical decisions as quickly
and easily as possible.

Over the years, the ACG has conducted many research projects
- some of them running for several cycles. The ongoing projects
are the Ground Support Systems Optimisation Phase 3 project
providing a stronger engineering basis for ground support
design, and the Stope Design and Reconciliation Phase 2
project which constitutes a step-change in the way stope
reconciliation and design is performed.

In mid-2024, the ACG was privileged to secure industry
funding for the new Mining-induced Seismicity and Rockburst
Risk Management in Hard Rock Mines research project,
with a budget of $1.6M, supported by eight global mining
companies. Sub-projects included are: The development of
a handbook on mining-induced seismicity and rockburst risk
management; Interpretation of rock mass damage data and
damage mechanisms from short-term seismic responses;
Risk-based and data driven exposure management protocols;
and Developing guidelines for the risk management process
‘Understanding and quantifying seismic hazard’.

The Centre’s operating budget in 2023 presented at just under
$4M, similar to 2022, representing a steady position after

recovering from a challenging COVID-19 period. This result was
achieved by the ACG hosting an increased number of online
training courses, and made possible due to the outstanding
efforts of our small technical and professional team. This
positive result was further supported by industry support of
ACG research activities.

Due to hosting three non-collaborative international
conferences in 2024, which attracted outstanding attendance
and sponsorship, the ACG was able to realise an unexpected
operating budget of $4.5M in 2024. This constitutes an
increase in income of about 11% from 2022 and 2023. This
result confirms the ACG's financially stable position and puts
the ACG in good stead for future investments.

Two of the following conferences hosted by the ACG during
2023 were provided in hybrid format to ascertain whether
online attendance was still a sought-after option:

e  26th International Conference on Paste, Thickened and
Filtered Tailings, Alberta, Canada, 30 April-3 May 2023 -
co-hosted with the University of Alberta (in person only).

e  16th International Conference on Mine Closure, Nevada,
United States of America, 2-5 October 2023, co-hosted
with the University of Nevada (in person only).

e 10th International Conference on Ground Support in
Mining, Perth, Western Australia, 10-12 October 2023.

e Third International Conference on Slope Stability in
Mining, Perth, Western Australia, 14-16 November 2023.

As the online attendance of the 2023 conferences was
extremely low, ACG proceeded to host all 2024 conferences in
person only. The low online attendance testifies to the value of
networking and personal interaction at these conferences. The
2024 conferences included:

e  27th International Conference on Paste, Thickened and
Filtered Tailings, Melbourne, Australia, 16-18 April 2024.

e  10th International Conference on Deep and High Stress
Mining, Montreal, Canada, 24-26 September 2024.

e 17th International Conference on Mine Closure, Perth,
Western Australia, 26-28 November 2024.

The ACG looks forward to continuing to deliver high-quality
research, training and technology transfer to the resources
industries.

93

Professor Johan Wesseloo - Director
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mXrap is a software platform that provides geotechnical

engineers with many data analysis, monitoring and
investigation tools. mXrap users can also develop their own
apps using the inbuilt tools.

The ACG's mXrap team have developed several app
suites that focus on allowing users to make high-quality
geotechnical decisions as quickly and easily as possible.
These suites cover:

e Mining-induced seismicity

e Stope reconciliation and prediction
e Rock mass data analysis

e Inspections and offline data entry
e Instrumentation

e Caving

e Numerical modelling

e Damage mapping

e  Surface monitoring

e  Paste backfill design

e Discrete fracture generation

e  Ground support design

The software originated as part of the ACG’s Mine Seismicity
and Rockburst Risk Management Project, and many of the
earlier developed apps are focused on the management
of mining-induced seismicity and rockburst risk. In more
recent years, the scope of what mXrap can achieve has
expanded and several non-seismic geotechnical apps have
been developed.

In 2024, the inspections and data entry app suite was
added to the platform, empowering geotechs with the
ability to perform inspections offline using a web form,
which then transfers those data to mXrap for analysis and
report generation once online.

Software licences for mining companies are managed
through the mXrap Consortium (along with academic
and consulting licence holders). 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

Ground support design
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CONSORTIUM MEMBERS

The membership has grown continuously since inception of the Consortium in 2015. The table below provides a list of
current mXrap Consortium members, as at December 2024.

Company

Site

29Metals

Golden Grove

Agnico Eagle Mines Limited

Fosterville, Goldex, Kirkland Lake, Laronde

Alamos Gold Inc.

Island Gold, Young Davidson

AngloGold Ashanti

Cuiaba, Geita, Sukari, Sunrise Dam

Barrick Gold Corporation

Bulyanhulu, Hemlo

Bellevue Gold Limited

Bellevue

BHP

Carrapateena, Olympic Dam, Prominent Hill

Bluestone Mines Tasmania

Renison

Boliden Garpenberg, Zinkgruvan
Capstone Copper Cozamin
Catalyst Metals Plutonic

Evolution Mining

EKJV, Ernest Henry, Millenium, Northparkes, Red Lake

Genesis Minerals

Gwalia

Glencore Canada

Fraser, Kidd Creek, Onaping Depth, Nickel Rim, Raglan

Gold Fields Australia Pty Ltd

Granny Smith, Hamlet, Invincible, New Holland, Waroonga

Gold Fields South Africa

South Deep

Greatland Gold

Telfer Operations

Hecla USA Lucky Friday
IAMGOLD Corporation Westwood
IGO Limited Nova

Luossavaara-Kiirunavaara AB

Kiruna, Malmberget

Ma'aden Barrick Copper

Jabal Sayid

MMG Limited

Dugald River, Rosebery

Newmont Mining Limited

Cadia Valley Operations

Niobec Inc.

Niobec

Northern Star Resources Ltd

Carosue Dam, Kanowna Belle, Mt Charlotte, South Kalgoorllie, Superpit, Thunderbox

Oyu Tolgoi LLC Oyu Tolgoi

Perilya Limited Broken Hill

PT Freeport Indonesia Grasberg

Resolute Mining Syama

Rio Tinto Head Office

Roxgold Sanu Yaramoko

South32 Cannington

Vale Canada Coleman, Copper Cliff, Creighton, Garsen, Totten

Vault Minerals

Darlot, Deflector

Westgold Resources Limited

Big Bell




Research Licence Holders*

Curtin University, Australia

Dalhousie University, Canada

Laurentian University, Canada

Luled University of Technology, Sweden
McGill University, Canada

Queen’s University, Canada

The University of Adelaide, Australia

The University of British Columbia, Canada
The University of Queensland, Australia
Universidad de Santiago, Chile

Universidad de Valparaiso, Chile
Universidad Nacional de la Amazonia, Peru
Université Laval, Canada

University of Leeds, United Kingdom
University of Pretoria, South Africa
University of the Witwatersrand, South Africa
Virginia Tech, USA

MXRAP DEVELOPMENT TEAM

The mXrap development team includes:

Paulus Angkodjojo
Software Engineer - mXrap
Australian Centre for Geomechanics

Dr Laura Camball
Research Fellow
Australian Centre for Geomechanics

Dr Daniel Cumming-Potvin
Project Lead
Australian Centre for Geomechanics

Asher Floyd
Project Officer - mXrap
Australian Centre for Geomechanics

Dr Audrey Goulet
Research Fellow
Australian Centre for Geomechanics

Paul Harris
Principal Software Engineer - mXrap
Australian Centre for Geomechanics

Consulting Licence Holders*

AMC Consultants, Australia

ASA Geotech, Canada
Geotechnical Associates, Australia
IGM Geotechnical, Australia
Mikula Geotechnics, Australia
MiningOne Consultants, Canada
Open House Management Solutions, South Africa
Operational Geotechs, Australia
Resolve Mining Solutions, Australia
RockEng, Canada

RockSigma, Sweden

SRK Consulting, Canada

SRK Consulting, South Africa

*As at December 2024.

Dr Matthew Heinsen Egan
Senior Software Engineer - mXrap
Australian Centre for Geomechanics

Dr Benoit McFadyen
Research Fellow
Australian Centre for Geomechanics

Liam Niedzielski
Software Engineer - mXrap
Australian Centre for Geomechanics

Denisha Sewnun
PhD Student and Research Fellow
Australian Centre for Geomechanics

Stuart Tierney
PhD Student and Research Assistant
Australian Centre for Geomechanics

Dr Kyle Woodward
Research Fellow
Australian Centre for Geomechanics

Pranay Yadav
Research Fellow
Australian Centre for Geomechanics




2023

Thesis title: The shear strength of bedding
planes in shale materials of the Hamersley
Group in the Pilbara

Supervisors: Professor Phil Dight and
Dr Kyle Woodward, The University of Western
Australia, Australia, Dr Kenneth Mercer, 3rd
Rock Consulting, Australia (external supervisor,
previously The University of Western Australia).

The stability of slopes in the mining operations developed
within the Hamersley Group formations is frequently
controlled by the shear strength of bedding planes within
shale rocks. Mineralisation of these deposits is typically
hosted by moderate strong sedimentary rocks known
as banded iron formations (BIF), which are formed by
intercalation of iron rich bands and chert layers. Shale
rocks separate BIF units and demark stratigraphical
horizons occurring as either discrete bands (<2 m thick)
or as major shale units (tens of metres thick sequences of
shales).

This research is focused on the shear strength of bedding
partings within the two most important shale units of the
Hamersley: the Mt McRae Formation (shale units within)
and the West Angela Shale Member (WA2), which are
typically located adjacent to the orebody. Importantly,
bedding parting is defined as “naturally” open bedding
plane.

At the beginning of this research, local consultants
used the Barton-Bandis model to estimate the shear
strength of bedding partings across the weathering
spectrum, without considering potential changes in shale
composition, as well as potential changes in the interface
of bedding partings. This was the fundamental motivation
for this research, and could be simply summarised in
following questions:

e Is the weathering of shales important to define the
applicability of Barton-Bandis model?

e What factors control the shear strength of bedding
partings in shales?

Dr Arturo Fausto Maldonado Neyra
PhD Civil, Environmental and Mining Engineering

e |s the Barton-Bandis model applicable for predicting
the shear strength of bedding partings in shale
materials?

To answer these questions, it was firstly important to
define how the mineralogical composition of shales
changes with weathering grades and understand how the
weathering reduces the strength of shales from rock to
soil state. The analysis of mineralogy was required before
starting the study of shear strength of bedding partings,
to enable the segregation shales from other lithotypes
and attempt the correlation between uniaxial compressive
strength (UCS) with weathering grades.

This thesis is fundamentally focused on the laboratory
scale. Diamond core samples of shales have been used to
study the reduction of UCS with weathering progression.
Similarly, diamond core specimens containing open
bedding partings were used for direct shear testing,
permitting the study of basic friction angle, residual
friction angle, dilation, and roughness mobilisation.

This thesis has developed a conceptual shear strength
model for bedding partings in shales. This model is based
on several assumptions: firstly, the bedding interfaces
changes with weathering progression, secondly the
tectonic shearing of bedding planes reduces the effect of
roughness, and thirdly the mineralogy of bedding surfaces
explains for the variability of non-dilation friction angles.

The conceptual model proposed in this research has
proven to be valid, based on the following key findings:

e  Weathering classes from ISRM are very subjective,
however the use of mineralogical analysis based on
hyper-spectral scanning and chemical assays datasets
permitted to define that the cut-offs of Kaolinite
content can be related to these weathering grades.
This becomes an important tool for current research
and perhaps an important contribution for other
researchers where shales or other similar rock types
exist (e.g. mudstones, siltstones, claystones, phyllites,
argillites, and itabirites).

e From the geotechnical context, bedding planes within
shales units are not necessarily continuous (at the



large scale), and realistically these planes are split by
less persistent joints (in situ block sizes are typically
smaller than 2 m). This was estimated from the average
joint spacing from drilling data.

The tectonic history of the Pilbara indicates that
shales units have experienced shearing along or
subparallel the bedding partings due to the flexural
folding mechanism. Visual examinations of samples
and field observations validate the dominant presence
of bedding partings with planar smooth or undulated
polished surfaces across the weathering spectrum.

The study of bedding morphology from laboratory
samples and diamond core logging demonstrated that
bedding planes have different interface conditions as
the weathering progresses. Fresh shales have clean
surfaces, slightly weathered shales have stained
surfaces, and moderately to highly weathered shales
have coated surfaces. These interfaces were further
classified using the ratio: “thickness of coating to
amplitude of roughness” (t/a).

In fresh and slightly weathered shales, bedding partings
are generally in rock-to-rock contact (ratio t/a = 0). The
direct shear testing measures dilation angles lower
than those predicted by the Barton-Bandis model, this
discrepancy could be explained by the pre-sheared
nature of bedding surfaces (i.e. very smooth and
polished surfaces).

Bedding partings within moderately and highly
weathered shales are characterised for having
dominant coated surfaces (t/a = 1), and thus the shear
strength of bedding partings in weathered shales is
controlled by the composition of coating, which is
approaching soil state.

The mineralogical analysis of coating types permitted
to explain the variability observed in the non-dilation
friction angles from weathered shales. This is an
important contribution to the slope design process
for the Pilbara environment, whilst this methodology
could be implemented in geological environments
where shales or other similar rock types exist (e.g.
mudstones, siltstones, claystones, phyllites, argillites
and itabirites).

This research has found that the shear strength of
bedding planes is a complex problem that cannot be
explained by one single failure criterion across the
weathering spectrum. This results from the surface
morphology of bedding planes, as following:

¢  Thelaboratory shear strength of bedding partings
in fresh and slightly weathered shales yields
lower dilation angles than those predicted by
the Barton-Bandis model, such discrepancy is
attributed to the pre-shearing nature of these
defects. The author suggests using non-dilation
friction angles for slope design, which have
been calculated from linear regression analysis
of lab data. The author recommends that
field-scale dilation angle could be estimated from
back-analysis of previous slope failures.

¢ The shear strength of bedding planes in
moderately and highly weathered shales is best
represented by the shear strength of the coating.
This is best represented by the Mohr-Coulomb
model defined by non-dilation friction angles
and negligible cohesion. This research found
that non-dilation friction angles are significantly
influenced by mineralogical composition of
decomposed surfaces. Negligible cohesion
exists, but it is presumed to occur due to partial
saturation of clay minerals.

e Completely weathered shales were included in
the research for completeness. Importantly, these
materials were tested using unsaturated shear testing
of remolded samples (perfectly circular specimens,
consolidated and kept to specific degree of saturation).
These experiments demonstrated the existence of
real cohesion due to consolidation, and air-suction
of completely weathered shales with unsaturated
state. However, this concept could not be successfully
proven for bedding interfaces within highly weathered
shales due to limitations of sample preparation.

This research finishes presenting all the technical
benefits accomplished by the study of the conceptual
model, which are mainly related to create the connection
between weathering grades, interface type, mineralogy
of coating, and non-dilation friction angles. Importantly,
all these concepts can be replicated by engineers when
attending to define “typical” non-dilation friction angles
for bedding planes in shale materials from the Pilbara or
even elsewhere including applications of similar rock types.
This is considered an important contribution for the slope
design process across the mining industry.

To read the thesis in full visit
https://doi.org/10.26182/n1p7-zr25
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Dr Benoit McFadyen
PhD Mining Engineering
2024

Thesis title: Developing a new methodology
for predicting open stopes’ performance

Supervisors: Professor Martin Grenon, Université
Laval, Professor Yves Potvin, Australian Centre
for Geomechanics, The University of Western
Australia.

Open stopes were popularised in underground mines
around the 1980s due to the high yields they generate and
their relatively low cost. The success of this mining method
depends on the ability to design a stope that maximises
profits while respecting the geometry during mining. In
reality, overbreak (OB, unplanned volume of rock mined)
and underbreak (UB, volume of planned rock left in place)
are generated during the mining process which can have
negative consequences on the stability of the stope and the
profitability of the operation. To minimise the OB and UB,
and their impact, empirical tools such as the Stability Chart
were developed and improved to predict the volumes of
OB per stope faces. Unfortunately, these tools have certain
limitations: they integrate a limited number of variables
(which does not cover all the possible causes of OB), UB
is not considered, and the resolution of the predictions
is limited (qualitative or average value per face). These
limitations prevent the fullintegration of economic datainto
predictions and thus the optimisation of the mines stopes.
The objective of this thesis is to develop a methodology for
operating mines which enables the understanding of the
spatial distribution and magnitude of OB and UB generated
along the surface of the stope and to use this knowledge
during stope design to predict the expected geometry to
optimise its performance. A stope database was created for
three case studies (two in Australia and one in Canada) at
georeferenced data resolution of around one cubic metre,
which includes geometric, geomechanical, geological,
operational and performance variables. Univariate,
bivariate and multivariate statistical methods (principal
component analysis and partial least squares) were used
to identify the critical variables for each site. Multivariate
and machine learning models were subsequently used
to predict the mined geometry (partial least squares and
random forest) and OB and UB location (linear discriminant

analysis). The models were compared to determine the best
approach. Economic data was integrated to characterise
the geotechnical (OB and UB) and economic performances
of the expected geometry. The statistical analysis of the
variables enables the identification of critical variables
for each case study regarding the OB (observed in areas
where there is high blasting energy, where there is a large
undercut and overcut, towards the middle of the faces
and in the presence of major geological structure) and UB
(observed near the edges of surfaces, where there is a
large distance from the blasting, and where drill holes toe
into the faces). The critical variables were used for each
site to build predictive models. The results show that the
magnitude of OB and UB can be predicted using a random
forest model with a less than one metre error for 65%
of the surface on average. These predictions are used to
build the expected geometry of the stope. Considering
the mining context, it is possible to predict the geometry
for 71% of the transversal stope faces and 51% of the
longitudinal stope faces. The incorporation of probabilities
also enables the estimation of the maximum magnitudes of
OB and UB, their location and the economical estimation
of the performance of the stopes. The resolution of the
data and the use of multivariate analysis has enabled the
prediction of the stope geometry, going well beyond the
simple qualitative, per stope face, prediction provided by a
traditional Stability Chart approach.

This work is a significant step to advance stope design and
the planning process, providing tools to minimise stability
issues, dilution and loss of ore. As designing for higher ore
recovery increases the potential for dilution and vice versa,
this approach allows for the value realised from mining
a stope to be maximised by quantifying this inherent
economic trade-off. The enhanced resolution of both data
and predictions has allowed for a more comprehensive
evaluation of the predicted stope geometry and economic
outcomes during the design phase. This marks a major
contribution in the ability to design and plan the optimal
stope.

To read the thesis in full visit

(PDF) Developing a new methodology for predicting open
stopes’ performance



https://www.researchgate.net/publication/382941497_Developing_a_new_methodology_for_predicting_open_stopes'_performance
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Dr Erwin Louis Mmbando

2024

Thesis title: Ensuring geotechnical stability of
filtered tailings stacks

Supervisors: Professor Andy Fourie and
Dr David Reid, The University of Western
Australia, Australia, Professor Johan Wesseloo,
Australian Centre for Geomechanics, The
University of Western Australia.

Tailings storage facilities (TSFs) are important for safe
mine waste disposal. To address the stability concerns
of hydraulically deposited TSFs, there is a shift towards
filtered tailings stack technology. This thesis assessed
if filtered tailings can maintain dilative states under
increasing loading. To achieve this, this thesis explored the
effects of structure and pore chemistry on the critical state
behaviour of bauxite residue reconstituted by different
methods. Additionally, the effects of the initial void ratio on
the critical state behaviour (transitional) of clayey tailings
were studied. Finally, a comparison of residual strengths
measured in situ and in the laboratory are provided.

The thesis is embargoed from 07/10/2024 to 02/10/2025. It
will become publicly available on 02/10/2025.

Related publications

Mmbando, E., Fourie, A., Reid, D. and Gao, J., 2024. Effect
of compressibility on the stress state of wet and dry
bauxite residue. Canadian Geotechnical Journal.

Mmbando, E., Fourie, A., Reid, D., Gao, J., Nasharuddin,
R. and Fridjonsson, E., 2024. Effects of structure and
pore-water chemistry on critical state behavior of
bauxite residue. Canadian Geotechnical Journal.

Mmbando, E., Fourie, A. and Reid, D., 2023. Mechanics of
an iron ore tailings exhibiting transitional behaviour.
Geotechnical and Geological Engineering, 41(3), pp.2211-
2220.

PhD Civil, Environmental and Mining Engineering

Mmbando, E., Fourie, A., Reid, D., O’Loughlin, C., Gao, J. and
Wang, Y., 2022, November. Residual strength based
on CPT sleeve friction and a constant volume ring
shear device. In Proceedings of the 26th International
Conference on Tailings and Mine Waste.



Background

The Australian Centre for Geomechanics has been
pursuing innovative research on ground support systems
optimisation since 2013. During the initial phases of the
project, we have delivered a comprehensive textbook
titled Ground Support in underground mines, which is widely
distributed throughout the mining industry, as well as
numerous mXrap tools.

The current phase 3 of the Ground Support Systems
Optimisation (GSSO3) research project is three-fold,
including ground support in rockbursting conditions,
probabilistic design of ground support in static conditions,
and shotcrete design in mining. The following will provide a
brief overview of the project objectives and progress made
two-thirds into the project timeline.

GSSO 3 is sub-divided into the following four sub-projects:

Sub-project #1: In situ dynamic testing of
ground support using blasting

The main objective of the proposed in situ dynamic testing
program using blasting as a dynamic source is to quantify
the energy and displacement capacity of 12 ground support
systems commonly used in rockburst-prone conditions in
mines.

Previous in situ dynamic tests were performed in the 1990s
and early 2000s, before dynamic ground support was
widely adopted. Modern dynamic support has extremely
high capacity and, therefore, the project team needed to
learn how to induce damage without totally destroying the
high-capacity ground support systems.
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The first test site was Rio Tinto’s Oyu Tolgoi mine in
Mongolia. To date, the team has conducted 13 blasts, seven
of which focused on optimising the blasting process and
the other six blasts were proper dynamic tests of different
ground support systems. Preliminary analysis of the results
brings into question the validity of the current design
practice of using the peak particle velocity (ppv) alone
as the basis to quantify the dynamic demand on ground
support.

The next series of tests are scheduled for March/April 2025
at Evolution’s Red Lake mine in Northern Ontario, Canada.

Sub-project #2: Development of an
empirical dynamic ground support
design method

The main objective of this sub-project is to advance
and complete the development of the empirical ground
support system survivability matrix initiated during the
second phase of GSSO2. In particular, a comprehensive
high-quality rockburst damage database is required to
achieve an in-depth understanding of the performance
reliability of different support systems subjected to a wide
range of dynamic loading.

The dependability of any empirical design method is
intimately related to the quality and quantity of data.
Therefore, the focus of this sub-project to date has been
to collect data to significantly expand the database from its
original version.

The current database has 267 rockburst case studies,
which is more than double the original 117 cases, and is

Figure 1. Extensive data acquisition equipment used for the dynamic testing of ground support (sub-project 1).



http://acg.uwa.edu.au/product/ground-support-for-underground-mines

Figure 2. Image captured by the high-speed camera during
a dynamic test showing blasting gas escaping from an
observation hole (sub-project 1).

Figure 3. Possible tetrahedral blocks generated from a
DFN model, formed by a combination of three joint sets
(sub-project 3).
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still growing. As of February 2025, we will undertake the
analysis and update the ground support reliability matrix
using the new data.

Sub-project #3: Application of

probabilistic ground support design tools
The primary objective of Sub-project #3 is to implement,
at sponsors’ sites, probabilistic ground support design
techniques for static conditions based on a series of mXrap
apps developed during GSSO2. This sub-project is pursuing
two complimentary approaches to perform probabilistic
design of ground support. The first is based on structural
data and focuses on probabilistic block stability analysis.
The key enabling technology for thisapproachis the discrete
fracture network (DFN). This is a complex and specialised
technique and, therefore, much of our effort has been
in developing a user-friendly partly automated process
from data gathering, to running and calibrating DFNs, so
it becomes accessible to site personnel. We are currently
implementing this mXrap app at BHP’s Carrapateena mine.

The second approach is based on stress and uses numerical
modelling to define probable zones of failure based on the
variability of stress fields and rock property parameters,
which constitute the main input parameters to numerical
models. This app is now ready for the first implementation
at a mine site.

Sub-project #4: Optimisation of
shotcrete in underground mines

The primary objective of Sub-project #4 is to develop new
specifications for fibre-reinforced shotcrete in mining, given
the cavity filling strategy is implemented. The modelling
work was initiated during GSSO2 and completed during

Figure 4. Rockbolts layout overlaid to possible tetrahedral blocks generated from a DFN model (left). Numerical model output
showing different probability of failure volume based on the variability of the input parameters (right) (sub-project 3).



the early part of GSSO3. Recent work is now focussing
on building a small-scale testing facility to validate the
modelling work.

The small-scale testing facility is seen as an intermediate
step towards building a full-scale facility which will be a key
component to estimate the capacity of different shotcrete
and bolt support systems. The full-scale testing apparatus
will be developed beyond the scope of GSSO3.

Project sponsorship and support
Financial and in-kind support is kindly provided by the
following industry sponsors:

Major sponsors
29Metals

Agnico Eagle Mines

BHP

Canadian Malartic (how Agnico Eagle)
Evolution Mining Limited
Gold Fields Limited
MMG Limited

OZ Minerals (how BHP)
Rio Tinto

St Barbara Mines

Vale Sudbury Operations

Concrete slab
(bolt anchor)

Hydraulic cylinder 300KN
300mm (casing)

Concrete
pad

Minor sponsors

DSl Underground/Sandvik

Geobrugg

JENNMAR

Normet

Sika

Researchers

Professor Yves Potvin, Project Manager, all projects

Professor Johan Wesseloo, Sub-project Leader,
Sub-projects 1, 3 and 4

Dr Daniel Cumming-Potvin, Research Support,
Sub-projects 1 and 2

Ms Denisha Sewnun, Research Support,
Sub-projects 2 and 3

Mr Joseph Mbenza, Research Support, Sub-project 4

Dr Matthew Heinsen Egan, Software Development,
Sub-project 3

Ms Audrey Mathieu, Research Support, Sub-project 2

removable
platform
(dismantlable
mould)

Figure 5. Preliminary design of a large-scale laboratory testing rig, to assess the load bearing capacity of a rockbolt and shotcrete

ground support system (sub-project 4).



Thisresearch project focuses on rockburst risk management
with sub-projects contributing to knowledge consolidation,
knowledge creation and knowledge transfer. It is a four-year
project which commenced in August 2024, with a budget of
$1.6M, supported by eight global mining companies.

Project background and summary

The mining industry has experienced mining-induced
seismicity and rockbursts since the early 1900s, with
research into the matter starting in the 1920s in South
Africa. Fundamental and applied research in mining-
induced seismicity and rockburst risk management has
increased over the years, with contributions from many
researchers from different continents.

The industry’s current knowledge of seismic risk
management is not compiled in an easily accessible
form, nor presented in a manner targeting the rock
engineering fraternity responsible for the management
of seismic risk. The lack of a handbook on mining seismic
risk management hampers the transfer of knowledge to
inexperienced engineers and creates an environment
where misunderstandings and misconceptions can develop
and propagate. It also slows down the uptake of newer
technologies. There is, thus, a need in the industry for a
handbook on mining-induced seismic risk management
written for a rock engineering audience.

In addition to this knowledge consolidation and transfer,
through the compilation of a handbook on mining induced
seismicity and rockburst risk management, three additional
sub-projects focus on expanding current knowledge and
approaches to rockburst risk management.

Sub-projects included are The development of a Handbook
on mining-induced seismicity and rockburst risk management,
Interpretation of rock mass damage data and damage
mechanisms from short-term seismic responses, Risk-based and
data driven exposure management protocols, and Developing
guidelines for the risk management process ‘Understanding
and quantifying seismic hazard'.

Project team
The project team consists of the following:

Professor Johan Weseseloo
Pranay Yadav

Richard Battison

Dr Daniel Cumming-Potvin
Stuart Tierney

Dr Kyle Woodward

Dr Audrey Goulet

Professor Yves Potvin

Project sponsors

Agnico Eagle Mines, Canada
Alamos Gold, Canada

BHP Carrapateena, Australia
Glencore, Switzerland

Gold Fields, Australia

LKAB Malmberget, Sweden
Newmont, Australia

Rio Tinto, Oyu Tolgoi, Mongolia

For further information, contact info-acg@uwa.edu.au
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Background

Open stope mining is the predominant method used in
Australian and Canadian underground mines. Profitability
of open stope mining relies on the capacity of mine site
personnel to design and accurately execute the mining of
stopes. Ideally, a mined stope will maximise the amount of
mined ore while minimising the amount of overbreak (OB)
and underbreak (UB) generated. The stope design process
often relies on the Stability Graph method, which was
first developed in the 1980s. This method considers stope
geometry and broad geotechnical parameters to inform
the stability of the design. Nearly 40 years of technology
advancement has enabled the collection of a high volume
of data and allowed for more powerful stope performance
analyses, which can be fed back into the stope design
process. As part of the stope design and reconciliation
project, which started in 2017 at the Australian Centre for
Geomechanics, new tools are being developed for better
stope design decisions and to facilitate stope optimisation.
Sponsored by mines from Canada and Australia, a new
and powerful tool for stope reconciliation and analysis
was developed (Woodward et al. 2019) as part of the first
phase of the project. The second phase of this project
focuses on a new interactive tool for open stope design.
Phase 2 of the project is currently in its final stage, with
the new stope application and predictive models being
rolled out to the sponsoring sites.

The optimisation approach: overview

The methodology developed and implemented through
the mXrap Stope Reconciliation and Prediction Suite aims
to provide a path for operational mines to optimise stope
performance by understanding the spatial distribution

Reconciliation and analysis apps

Root cause
analysis

Stope
reconciliation

Predicting
stope
performance

of OB and UB at a metre-scale resolution and using
that information to predict the expected stope mined
geometry (McFadyen 2024). The approach is divided into
four key steps which are achieved through data quantified
at a metre-scale resolution using an octree discretisation,
statistical analysis and a machine learning model (Figure 1).

The use of octree discretisation has allowed users to
dive deeper into the analysis of OB and UB and generate
predictions that allow them to determine the predicted
mined geometry, going well beyond qualitative prediction
of the Stability Chart or the average predictions of
equivalent linear overbreak sloughing (ELOS) charts
(Figure 2). With the inclusion of economic data, the
methodology and tools developed during phase 2 offer
what is needed to optimise stope performance.

The mXrap Stope Reconciliation and
Prediction Suite

The mXrap Stope Reconciliation and Prediction Suite was
developed with the objective to provide an efficient
method for sites to build a stope database for quantifying
stope performance, undertake root cause analysis, and
predict stope performance, all while increasing the level
of information and knowledge that sites are currently
used to. There are three main parts to the suite: stope
reconciliation, analysis, and predictions.

Stope reconciliation app

The stope reconciliation app was redesigned during
Phase 2 of the project to better integrate the prediction
aspects to the app. The app is separated into different
steps according to the stage the stope design or mining
is at:

Prediction and assessment app

Analysing .
tha Final stope

predictions design

Figure 1. Stope optimisation method that is applied through the mXrap Stope Reconciliation and Prediction Suite
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Figure 2. Progression of stope performance predictions (McFadyen 2024)

o Design step

¢ Import design and quantify different geometrical,
geological and geomechanical parameters for root
cause analysis.

e Blasting step

¢ Import drill ring design and quantify different
blasting parameters for root cause analysis.

e Reconciliation step

¢ Import the cavity monitoring system to obtain the
stope performance.

Analysis app
The analysis app allows to visualise the stope database
and filter according to what we want to analyse. Stope

Analysis steps >

performance can be assessed at three levels of resolution
using univariate and bivariate charts (Figure 3). Through
root cause analysis, trends can be analysed between
variables and OB or UB to understand the mined geometry
that is obtained, and key variables to use for predicting the
expected mined geometry can be identified.

Prediction module

The prediction module was developed during Phase 2 of
the project and has now been integrated into the stope
reconciliation app, just before the reconciliation step.
It allows the user to run predictions for the design that has
been imported (Figure 4). Predictions are made for each
octree using a random forest model, allowing the user to
build the expected mined geometry. In addition, a standard
error is calculated for each prediction allowing the user to
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Figure 3. The different steps of the stope analysis in the app
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Figure 4. The different steps of the stope prediction in the app (images in part taken from McFadyen et al. 2024)




establish a prediction interval within which the OB or UB
most likely lies. Furthermore, given the octree resolution, a
geological block model is used to map economic data to the
predictions and determine the economic value of the OB,
UB and overall predicted shape. This approach provides
an assessment of the stability and economic performance,
which gives the necessary information for sites to assess
optimisation needs. New predictions can be generated
after modifying certain variables to assess how stope
performance can be improved.

Conclusion

The mXrap Stope Reconciliation and Prediction Suite
was completed in 2024 and is now available to mXrap
consortium members. The reconciliation app and prediction
app remain separate entities within the suite and are
distributed separately. The prediction app is available for
use with a predictive model. The building of a predictive
model requires the analyses of site data and the training of
a machine learning model and is currently performed on a
contract basis.

The next steps in the project look at getting new sites to use
the prediction app, allowing the funding of further research
and development such as additional parameters which look
to characterise stress, mining sequence, ground support,
and backfill.
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The Australian Centre for Geomechanics (ACG) operates a
specialised rock laboratory located within The University
of Western Australia’s civil engineering workshop. The
laboratory provides an important service to the mining
industry and provides specialised capabilities for laboratory-
based research. It stands in compliment to, rather than in
competition with, commercial laboratories.

The ACG rock laboratory has been established as a facility
offering non-standard rock testing and stress measurement
determination where samples are prepared to the high
standards often exceeding International Society for Rock
Mechanics and Rock Engineering (ISRM) requirements, the
method based on research outcomes.

The laboratory is a service to the ACG research group and
provides support to the sourcing of material and sample
preparation for the mining, civil and mechanical students
by way of sample preparation.

The stress measurement work, which has been conducted
since 2008, is supported by companies looking at early or
any stress determination for long-lead underground mine
designs making use of oriented exploration core. The stress
measurement provided does not make assumptions on
isotropy of the rock mass, as is necessarily done in many
other methods, and does not require theoretical adjustment
for the influence of a nearby excavation. As a result of the
way the tests are conducted, this test work can also provide
either average rock test results (modulus, Poisson’s ratio,
P-wave and S-wave velocity, dynamic modulus, dynamic
Poisson'’s ratio, and density), while estimating directions of
borehole breakout. The results can then provide 3D rock
properties, 3D extensional strain, crack initiation stress and
strain, and a compliance matrix for numerical modelling,
without additional test cost.

A new Brazilian/fracture toughness test using the same
principles has also been developed which further enhances
the rock behaviour and fracture pattern interpretation in
3D.

With the completion of a biaxial frame, blocks of rock
recovered from large diameter core can be tested
(70 mm cube), complete with 3D acoustic emission, and high
speed digital image correlation (DIC) photography which
then leads to examination of spallation and strainburst
behaviour, rock mass fracture and the influence of different
bolt types on support and rock response.

There is a symbiotic relationship between the laboratory’s
existence (and technical skill which is accomplished in using
state-of-the-art sample preparation), and research which
uses the laboratory to firm up or improve ideas aimed at
increasing safety in mines.

At present, the laboratory provides the following:
e insitu stress determination

e capture of modulus, Poisson’s ratio, P-wave and S-wave
velocities, dynamic modulus, dynamic Poisson’s ratio,
bespoke Brazilian tensile strength (BTS) and fracture
toughness test, triaxial testing, post-peak testing,
determination of m;, cohesion and angle of internal
friction, crack initiation stress and crack initiation
strain allin three dimensions using principal component
analysis

e determination of 3D extensional strain characteristics

e determination of 3D compliance matrix for numerical
modelling

e identification of anisotropic and/or

deformation properties

orthotropic

e acoustic emission (AE) monitoring in 3D
e biaxial testing.

The value of the laboratory lies in the capacity it creates
for performing laboratory research otherwise not possible.

For further information about the ACG rock testing
laboratory, contact info-acg.uwa.edu.au

Laboratory Team

Professor Phil Dight
Project Leader, Australian Centre for
Geomechanics

Sheehan Gabriel
Laboratory Technician, Australian
Centre for Geomechanics

Ai Li (Ellie)
Laboratory Technician, Australian
Centre for Geomechanics
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The ACG research portfolio is considerable, our research
projects underway are summarised below:

Ground Support Systems Optimisation
Phase 3

4-year project (commenced May 2022)
Budget: $2,600,000

Key researchers: Professor Yves Potvin, Professor Johan
Wesseloo, Dr Daniel Cumming-Potvin, Ms Denisha
Sewnun, Mr Joseph Mbenza, Mr Matthew Heinsen Egan,
Ms Audrey Mathieu, Australian Centre for Geomechanics.

Major sponsors: 29Metals, Agnico Eagle Mines, BHP,
Evolution Mining, Gold Fields, MMG Limited, Rio Tinto,
St Barbara Mines, and Vale Sudbury Operations.

Minor sponsors: DSI Underground/Sandvik, Geobrugg,
JENNMAR, Normet, and Sika.

This project focuses on four areas to achieve step changes
in ground support practices, namely in situ dynamic
testing of ground support using blasting; development
of empirical dynamic ground support design guidelines;
application of probabilistic ground support design tools;
and optimisation of fibre-reinforced shotcrete-based
systems in underground mines.

Mining Induced Seismicity and
Rockburst Risk Management in Hard
Rock Mines

4-year project (commenced July 2024)
Budget: $1,600,000

Key researchers:  Professor Johan  Wesseloo,
Professor Yves Potvin, Dr Daniel Cumming-Potvin,
Dr Kyle Woodward, Mr Pranay Yadav, Mr Stuart Tierney,
Mr Richard Battison (PhD student), Australian Centre for
Geomechanics.

Major Sponsors: Agnico Eagle Mines, Alamos Gold Inc.,
BHP, Glencore, Gold Fields, LKAB, and Rio Tinto Oyu
Tolgoi.

This research project focuses on rockburst risk
management with sub-projects contributing to knowledge
consolidation, knowledge creation and knowledge
transfer.

Stope Design and Reconciliation
(Phase 2)

2-year project (commenced July 2020), plus 1 year
extension to July 2023.

Budget: $420,000

Keyresearchers: ProfessorYvesPotvin,DrKyle Woodward,
Dr Benoit McFadyen, Australian Centre for Geomechanics.

Sponsors: BHP Olympic Dam, Glencore Mount Isa
Mines, IAMGOLD Corporation, MMG Limited, Newmont
Australia, and OZ Minerals.

This research project looked at new ways of performing
stope reconciliation and optimising open stope design in
underground mining. The next steps in the project look
at getting new sites to use the prediction app developed
during this project, allowing to fund further research and
development such as additional parameters which look to
characterise stress, mining sequence, ground support, and
backfill.

Towards a Mechanistic Understanding
of Electrokinetic In-situ Leaching

3-year project (commenced January 2020; completed
December 2024, final report pending)

Budget: $842,605

Keyresearchers:Professor AndyFourie,DrJamesJamieson,
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 provided a
refined process understanding of the gold EK-ISL system
and explored 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 (completed December 2023)
Budget: $300,000

Key researchers: Stuart Tierney (PhD Student),
Professor Johan Wesseloo, Australian Centre for
Geomechanics

Sponsors: IAMGOLD Corporation, LKAB, Newcrest Mining
Limited, and the Australian Centre for Geomechanics.

This project aimed 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 reduces
the risk of injuries to personnel and the lost production
resulting from unnecessary exclusions.




As a leading provider of specialist and advanced training
and continuing education for mining professionals, the
ACG continued to support industry to reach their training
and business objectives.

Online attendance of short courses was still dominant
following the cessation of the COVID-19 restrictions in
early 2022. In contrast, online attendance at the ACG’s
2023 international conferences was extremely low,
with over 98 per cent of delegates opting to participate
in person. As a result, international conferences were
hosted in person only from 2024 onwards, with an ever-
increasing number of delegates from around the world
participating.

THE ACG'S

PROVIDES A SOLID BASE FOR THE
TRANSFER OF

BASED ON KNOWLEDGE GATHERED FROM LOCAL AND
INTERNATIONAL SOURCES

2023 EVENTS

Hands-on Future Tails Laboratory Course
Perth, Western Australia, 14-16 February 2023

Managing Seismic Risk in Underground
Metalliferous Mines Course & Online
Perth, Western Australia, 13-16 March 2023

Case Studies of Managing Seismic Risks in
Mines Seminar & Online
Perth, Western Australia, 17 March 2023

Introduction to Open Pit Slope Stability
Course & Online
Perth, Western Australia, 17-21 April 2023

Paste 2023, 25th International Conference
on Paste, Thickened and Filtered Tailings
Banff, Canada, 30 April-3 May 2023

Geotechnical Design for Underground
Metalliferous Mines Course & Online
Perth, Western Australia, 15-19 May 2023

Case Studies in Cave Mining Seminar &
Online
Perth, Western Australia, 21-24 August 2023

Hazard Assessment App Webinar
Perth, Western Australia, 19 September 2023

Mine Closure 2023, 16th International
Conference on Mine Closure
Nevada, United States of America, 2-5 October 2023

The Role of Numerical Modelling in Ground
Support Design Workshop
Perth, Western Australia, 9 October 2023

Ground Support 2023, 10th International
Conference on Ground Support in Mining
Perth, Western Australia, 10-12 October 2023

Workshop on Deformation-Based Support
Design and Rockburst Hazard Assessment
Perth, Western Australia, 13-14 October 2023

Hydrogeological Uncertainty and Implications
in Slope Design Workshop
Perth, Western Australia, 12 November 2023

Instrumentation and Slope Monitoring and
Implementation Workshop
Perth, Western Australia, 13 November 2023

Women in Open Pit Mining Networker
Perth, Western Australia, 14 November 2023

SSIM 2023, Third International Slope Stability
in Mining Conference
Perth, Western Australia, 14-16 November 2023

Student and Early Career Graduates
Networking Function
Perth, Western Australia, 16 November 2023

Sampling and Laboratory Testing for Open Pit
Design Workshop
Perth, Western Australia, 17 November 2023

Discrete Fracture Network Analysis for Open
Pit Slope Stability Workshop
Perth, Western Australia, 18 November 2023

Hands-on Future Tails Laboratory Course
Perth, Western Australia, 21-23 November 2023

2024 EVENTS

Hands-on Future Tails Laboratory Course
Perth, Western Australia, 6-8 February 2024

Future Tails Slope Stability for Tailings
Storage Facilities Laboratory Course
Perth, Western Australia, 13-15 February 2024



Ground Support in Underground Mining

Course
Perth, Western Australia, 18-22 March 2024

Geomechanics Data for Underground Mines
Course
Perth, Western Australia, 11-13 June 2024

Troubleshooting Your Flocculation and
Thickening Processes Workshop
Melbourne, Victoria, 14 April 2024

Rheology Fundamentals for Slurries and
Pastes Short Course
Melbourne, Victoria, 15 April 2024

Paste 2024, 26th International Conference on
Paste, Thickened and Filtered Tailings
Melbourne, Victoria, 16-18 April 2024

Mine Fill Seminar
Melbourne, Victoria, 19 April 2024

Filtered Tailings Management - Planning,
Design, Construction and Operation Short
Course

Melbourne, Victoria, 19 April 2024

Numerical Modelling and Seismic Analysis in
Underground Mines Short Course
Montreal, Canada, 22 September 2024

mXrap User Case Studies for Mines Seminar &
Online
Montreal, Canada, 23 September 2024

Key Learnings from Mining in Challenging
Geotechnical Environments Workshop
Montreal, Canada, 23 September 2024

Deep Mining 2024, 10th International
Conference on Deep and High Stress Mining
Montreal, Canada, 24-26 September 2024

Numerically Inferred Geotechnical Risk
Profiles in High Stress Conditions Workshop
Montreal, Canada, 27 September 2024

Geotechnical Engineering for Open Pit Design
and Operations Seminar & Online

Perth, Western Australia, 28 October - 1 November
2024

Global Update: Geomorphic Landform
Design and Landscape Evolution Modelling
Workshop

Perth, Western Australia, 24 November 2024

Pit Lake Closure: Processes, Risks,
Opportunities and Planning Workshop
Perth, Western Australia, 24 November 2024

Monitoring for Safe Closure Workshop
Perth, Western Australia, 25 November 2024

Workshop: Transform. Transition. Transfer
Perth, Western Australia, 25 November 2024

Mine Closure 2024, 17th International
Conference on Mine Closure
Perth, Western Australia, 26-28 November 2024

ON THE HORIZON

Paste 2025, 23rd International Conference on
Paste, Thickened and Filtered Tailings
Swakopmund, Namibia, 8-10 April 2025

The ACG is delighted to hold this conference in Namibia, in
collaboration with Knight Piésold Consulting.

acgpaste.com

Mine Closure 2025, 17th International
Conference on Mine Closure
Perth, Western Australia, 14-16 November 2023

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

acgmineclosure.com

SSIM 2025, 5th International Slope Stability in
Mining Conference
Vancouver, Canada, 27-29 October 2025

Best practice with respect to pit slope investigations,
design, implementation and performance monitoring will
be discussed during this conference.

acgsurfacemining.com



http://acgpaste.com 
http://acgmineclosure
http://acgsurfacemining.com

The ACG has over 30 years of experience in hosting
international mining events globally that have regularly
attracted 250 to 620 local and international mining
professionals. Our dedicated events team 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 generation, committee
coordination, and program development.

The ACG has a dedicated publications team that produces
peer-reviewed conference proceedings. This work is
undertaken in-house where we can ensure the high
standard of publications is maintained. Our conference
papers are freely available from our Online Repository of
Conference Proceedings.

The ACG has been instrumental in initiating many highly
acclaimed series of international mining conferences held
regularly throughout the world in close collaboration with
leading mining universities such as The University of the
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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 Catélica de
Chile, Chile; UNSW Sydney, Australia; University of
Alberta, Canada; University of Nevada, USA; Namibia
University of Science and Technology, Namibia; University
of Melbourne, and Stellenbosch University, South Africa.
The ACG is pleased to have been the founding body
and/or key collaborator for the following conference
series:

e Paste: International Conference on Paste,

Thickened and Filtered Tailings

Mine Closure: International Conference on Mine
Closure

Deep Mining: International Conference on Deep
and High Stress Mining

Caving: International Conference on Block and
Sublevel Caving

SSIM: International Conference on Slope Stability
in Mining

UMT: International Conference on Underground
Mining Technology
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Total ACG course attendance by year. 2020 reflects the downturn in events due to COVID-19




The following ACG specialist publications can help industry personnel maintain and develop skills, knowledge and

capabilities.

g Ground"Su,port

“for underground mines

WRACG s

Paste and Thickened
Tailings — A Guide

Mine Pit Lakes:
Closure and Management

Ground Support for
underground mines

Target audience: practicing
geotechnical and mining
engineers having the task of
designing ground support
systems in mines.

Paste and Thickened Tailings -
A Guide (third edition)

These guidelines are such a
highly valued and relevant
reference for all those working
in the mining industry having
responsibilities for paste,
thickened and filtered tailings
(P&TT).

Mine Pit Lakes: Closure and
Management

A concise summary of mine pit
lake knowledge applicable to

underground and surface mining

operations.

Guidelines - Volume 1

ENVIRONMENTAL SAMPLING AND MODELLING
FOR THE PREDICTION OF LONG-TERM WATER

Unsaturated Soils Guidelines -
Volume 1

Soil-water characteristic
curves for matrerials classified
according to the Unified Soil
Classification System.

Handbook on Mine Fill ebook

This ebook is a concise summary

of the considerable body of mine

fill knowledge and experience and
provides mining engineers and those
responsible for the application of fill
with a one stop reference, covering
the most significant aspects of fill.

Environmental Sampling and
Modelling for the Prediction of
Long-Term Water Quality of Mine
Pit Lakes

A summary of learnings on
developing water and chemical mass
balances and conceptual models for
mine pit lakes.

These and other ACG publications can be purchased at acg.uwa.edu.au/publications

Comprehensive Handbool
on Mine Fill
Editors Yves Potvin and Ryal

,}?

the mining community.

Comprehensive Handbook on Mine Fill

Co-editors Professor Yves Potvin and Dr Ryan Veenstra, together with world-wide mine
fill experts, are writing a new and comprehensive technical publication to examine the
evolution of mine fill practice over the last two decades.

This handbook seeks to advance the safe, efficient, and economic application of fill within

This book will be launched at Paste 2025 in Namibia in April 2025.




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 programs.

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

The range of ACG training videos are available to
stream online from the ACG website, acg.uwa.edu.au/
trainingvideos

UNDERGROUND MINING GEOMECHANICS

[lnderground DriII}ng
and Blasting

‘Bestpractices for drifing and blasting

W
=Bl

DOwN TO

READING THE GROUND

 ncsoreamcat s >
o ‘

A GEOTECHNICAL HAZARD AWARENESS
[ vioeo D LanGuAGE suproRT MATERALS
FOR OPEN PIT COAL MINE WORKERS

///;;‘ 1

ENVIRONMENTAL GEOMECHANICS

aco

TAILINGS - FROM CONCEPT TO CLOSURE



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

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 8§
Lithology domains Stope geometry Ground support capacity QA/QC !
Cave geometry Regional and national seismic network :
I 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-analy5|s' . Re-entry analysis Forensic analysis triggered by large events or I
TO MINING Forecast modelling Medium/long-term hazard assessment ToCkbursts <4
Medium/long-term source characterisation Periodic reporting of trends I
Strong ground motion interpolation |
| | '
12 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
Layout and timing Extraction rate I
G.round SUPPP” Remote equipment Extraction sequence I
Design for dynamic load Automated processes De-stress slot I
Performance evaluation Communication and training Mining method a I
I I 8 !
= I
| ! .
SEISMIC RISK = . __4

ASSESSMENT Consequence Likelihood — G

CONSEQUENCE

For more information please visit acg.uwa.edu.au/srmp, or contact info-acg@uwa.edu.au
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STATEMENT OF FINANCIAL POSITION AS AT 31 DECEMBER 2024

Cash

Receivables

Total current assets

Plant and equipment

Total non-current assets
Total assets

Creditors and borrowings
Provisions (leave liabilities)

Total current liabilities

Net assets

Shareholder’s equity
Partner contributions
Retained profits/acc (losses)

Total shareholder’s equity

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

2024 2023 2022
A$ A$ A$

4,500,071 3,936,808 3,560,677
0 0 0
4,500,071 3,936,808 3,560,677
0 0 0

0 0] 0
4,500,071 3,936,808 3,560,677
0] 0 0

236,953 246,570 288,446
236,953 246,570 288,446
4,263,118 3,690,238 3,272,231
243,980 243,980 243,980
4,019,138 3,446,258 3,028,251
4,263,118 3,690,238 3,272,231




INCOME STATEMENT FOR THE YEAR ENDED 31 DECEMBER 2024

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 sale of vehicle

UWA student and research allocation
Industry funded special projects

Total income

Expenses

Personnel - including casual staff

Personnel - relocation expenses

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

Travel, conferences and motor vehicle allowances
Operating overheads incl. printing and websites
Professional services incl. online repository
Depreciation

Specialist publications

Student related expenses incl. special projects

Total expenses

Net profit (loss)

Opening retained earnings
Closing retained earnings

2024 2023 2022

A$ A$ A3
47,083 40,000 30,000
314,146 299,430 273,174
229,850 231,517 163,360
241,000 142,827 394,180
207,758 185,024 162,644
3,002,740 2,211,602 2,942,340
39,313 37,756 45,466
20,000 0 0
0 0 0
5,990 0 0
0 0 0
61,824 33,353 24,522
4,169,704 3,181,509 4,035,686
2,279,433 2,048,294 2,017,895
0 0 0
9,617 -41,876 -649
0 0 5,620
185,198 140,474 212,020
974,014 515,569 739,162
19,919 19,435 5,584
14,695 24,678 20,830
21,865 3,539 3,345
0 0 0
91,849 8,525 21,043
19,468 44,864 47,747
3,596,824 2,763,502 3,072,597
572,880 418,007 963,089
2,117,693 1,699,685 736,596
2,690,573 2,117,693 1,699,685

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




STATEMENT OF CASHFLOWS FOR THE YEAR ENDED 31 DECEMBER 2024

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

2024 2023 2022
A% A$ A%

4,169,704 3,181,509 4,035,686
-3,606,441 -2,805,378 -3,073,246
0 0] 0
563,263 376,131 962,440
0 0] 0
0 0] 0
563,263 376,131 962,440
3,936,808 3,560,677 2,598,237
4,500,071 3,936,808 3,560,677

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 2024

1 Summary of Significant Accounting Policies

The financial statements have been prepared in accordance with the historical cost convention. Cost in relation to
assets represents the cash amount paid or the fair value of the asset given in exchange.

The financial statements have been made out in accordance with applicable accounting standards.
The accounting policies adopted are consistent with those of the previous year unless otherwise specified.

(a) Depreciation
Depreciation is provided on a straight line basis on all tangible fixed assets, other than freehold land, at rates

calculated to allocate their cost or valuation less estimated residual value, against the revenue derived over their
estimated useful lives.

(b) Income Tax

=

Tax effect accounting procedures are not applied as the Australian Centre for Geomechanics is a tax free research
and education centre run on a not for profit basis.

(c) Income Recognition

Government grants are recorded as income when received.
Membership fees are recognised as income in line with the membership period covered in the subscription.

(d

=

Employee Entitlements

Provision is made for long service leave and annual leave estimated to be payable to employees on the basis of
statutory and contractual requirements. Vested entitlements are classified as current and non-current liabilities.

The contributions made to superannuation funds by the entity are charged against profit.




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 sales
Interest - other persons/corporations

Profit on sale of vehicle

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 2024 (continued)

2024
A$

0
236,953

47,083
269,582

784,996
3,002,740
59,313

0]

5,990

0
4,169,704

136,223
-136,223
0

2023
A3

0]
246,570

40,000
218,377

673,774
2,211,602
37,756

0

0

0
3,181,509

136,223
-136,223

2022
A$

0
288,446

30,000
187,166

830,714
2,942,340
45,466

0

0

0
4,035,686

136,223
136,223




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 2024 (continued)

2024
A$

236,953

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

2,500

243,980

572,880

2023
A$

246,570

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

2,500

243,980

418,007

376,131

2022
A$

288,446

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

2,500

243,980

963,089

962,440




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

DANIEL CUMMING-POTVIN

Conference papers

2023

Lane, M & Cumming-Potvin, D 2023, ‘Practical
application of mXrap Damage Mapping application
at Nova nickel mine’, in J Wesseloo (ed.), Ground
Support 2023: Proceedings of the 10th International
Conference on Ground Support in Mining, Australian
Centre for Geomechanics, Perth, pp. 91-98, https://
doi.org/10.36487/ACG_repo/2325_05

2024

Duan, W, Morkel, IG & Cumming-Potvin, D 2024,
‘Seismic risk control measure from passive to active
through hydraulic fracturing’, in P Andrieux &
D Cumming-Potvin (eds), Deep Mining 2024: Proceedings
of the 10th International Conference on Deep and High
Stress Mining, Australian Centre for Geomechanics,
Perth, pp. 1237-1252, https://doi.org/10.36487/ACG_
repo/2465_81

Kamp, C, Cumming-Potvin, D, Lett, J, Poulter, M,
Shea, N, Jalink, B & Vangas-Palacio, C 2024, ‘Cave
profile interpretations using instrumentation and the
cave conceptual model’, D Johansson & H Schunnesson
(eds.), Proceedings of the 9th International Conference and
Exhibition on Mass Mining, Mining and Rock engineering,
Lulea University of Technology, Lulea, pp. 318-344.

Reid, J & Cumming-Potvin, D 2024, ‘Cave back
propagation estimation using fibre optic sensing’,
Proceedings of the 9th International Conference and
Exhibition on Mass Mining, Mining and Rock engineering,
Lulea University of Technology, Lulea, pp. 406-417.
Potvin, Y & Cumming-Potvin, D 2024, ‘Structural
models, a weak link in managing the risk from large
seismic events’, Proceedings of the 9th International
Conference and Exhibition on Mass Mining, Mining and
Rock engineering, Lulea University of Technology, Lulea,
pp. 934-947.

Proceedings (editor)

Andrieux, P & Cumming-Potvin, D (eds) 2024, Deep

Mining 2024: Proceedings of the 10th International
Conference on Deep and High Stress Mining, Australian
Centre for Geomechanics, Perth.

PHIL DIGHT
Proceedings (Editor)

2023

Dight, PM (ed.) 2023, SSIM 2023: Third International
Slope Stability in Mining Conference, Australian Centre
for Geomechanics, Perth.

Conference papers

2023

Dight, PM 2023, ‘Simulating static pull tests, shear tests
and dynamic drop tests to identify basic parameters for
subsequent support design’, in J Wesseloo (ed.), Ground
Support 2023: Proceedings of the 10th International
Conference on Ground Support in Mining, Australian Centre
for Geomechanics, Perth, pp. 463-478, https://doi.
org/10.36487/ACG_repo/2325_31

Wang, H, Jeffcoat-Sacco, B, Dight, PM, Dyskin, AV &
Pasternak, E 2023, ‘Implication of different types of post-
peak behaviour in lateral direction on failure of class ii
rocks in uniaxial compression’, in E Pasternak & A Dyskin
(eds), Multiscale Processes of Instability, Deformation
and Fracturing in Geomaterials - Proceedings of 12th
International Workshop on Bifurcation and Degradation in
Geomechanics, Springer Science + Business Media, Cham,
pp. 173-181.

Journal papers

2024

Wang, H, Pasternak, E , Dyskin, A , Dight, PM & Zhou, Y
2024, ‘Rock fractures developed in the Class Il post-peak
unloading’, Engineering Fracture Mechanics, vol. 302,
https://doi.org/10.1016/j.engfracmech.2024.110060
Wang, H, Dyskin, A, Pasternak, E & Dight, PM 2024,
‘Triaxial deformation rate analysis (DRA)’, Rock Mechanics
and Rock Engineering, vol. 57, pp. 1939-1962, https://doi.
org/10.1016/j.engfracmech.2021.108186

Reports

2023

Dight, PM 2023, Rock Properties to Predict Rockburst
Vulnerability in Three Dimensions (Strainburst), Mineral
Research Institute of Western Australia, Perth, https://
www.mriwa.wa.gov.au/research-projects/project-
portfolio/rock-properties-to-predict-rockburst-
vulnerability-in-three-dimensions/



YVES POTVIN

Conference papers

2024

Mathieu, A, Potvin, Y & Grenon, M 2024, ‘Towards the
development of an empirical method to assist in the
selection of ground support systems in rockburst-prone
conditions’, in P Andrieux & D Cumming-Potvin (eds),
Deep Mining 2024: Proceedings of the 10th International
Conference on Deep and High Stress Mining, Australian
Centre for Geomechanics, Perth, pp. 447-456, https://
doi.org/10.36487/ACG_repo/2465_24

Potvin, Y & Cumming-Potvin, D 2024, ‘Structural models,
a weak link in managing the risk from large seismic
events’, Proceedings of the 9th International Conference and
Exhibition on Mass Mining, Mining and Rock Engineering,
Lulea University of Technology, Lulea, pp. 934-947.

Mbenza, J Potvin, Y & Wesseloo, J ‘Fibre reinforced
shotcrete strategy for optimisation of ground support
efficacy’, Proceedings of the 9th International Conference
and Exhibition on Mass Mining, Mining and Rock Engineering,
Lulea University of Technology, Lulea, pp. 1534-1542.

Journal papers

2023

McFadyen, B, Grenon, M, Woodward, K & Potvin, Y
2023, ‘Assessing stope performance using georeferenced
octrees and multivariate analysis’, Mining Technology:
Transactions of the Institutions of Mining and Metallurgy,
vol. 132, no. 2, pp. 132-152.

Hadjigeorgiou, J & Potvin, Y 2023, ‘Ground support
guidelines for squeezing ground conditions’, Journal of
the Southern African Institute of Mining and Metallurgy,
vol. 123, no. 7, pp. 371-380.

McFadyen, B, Grenon, M, Woodward, K & Potvin, Y
2023, ‘Predicting open stope performance at an octree
resolution using multivariate models’, Journal of the
Southern African Institute of Mining and Metallurgy, vol. 123,
no. 6, pp. 309-320.

2024

McFadyen, B, Grenon, M, Woodward, K & Potvin, Y
2024, ‘Optimising stope design through economic and
geotechnic assessments of predictions made at a
meter scale resolution using the sites’ reconciled data’,
International Journal of Rock Mechanics and Mining Sciences,
vol. 178, https://doi.org/10.1016/j.ijrmms.2024.105778

JOHAN WESSELOO
Proceedings (Editor)

2023

Mbenza, J, Potvin, Y & Wesseloo, J 2024, ‘Fibre reinforced
shotcrete strategy for optimisation of ground support
efficacy’, Proceedings of the 9th International Conference
and Exhibition on Mass Mining, Mining and Rock engineering,
Lulea University of Technology, Lulea, pp. 1534-1542.

Conference paper

2024

Mbenza, J, Potvin, Y & Wesseloo, J 2024, ‘Fibre reinforced
shotcrete strategy for optimisation of ground support
efficacy’, Proceedings of the 9th International Conference
and Exhibition on Mass Mining, Mining and Rock engineering,
Lulea University of Technology, Lulea, pp. 1534-1542.

Journal paper

2024

Venter, J, Wesseloo, J & Maybee, B 2024, ‘A formulation
for optimum risk in open-pit mining’, Journal of the Southern
African Institute of Mining and Metallurgy, vol. 124, no. 8,
pp. 461-472.

LAURA CAMBALL

Conference papers

2024

Camball, L, Landry, D, Ramdass, N & Leite, A 2024,
‘Distance-time parameters designed for mine seismicity’,
in P Andrieux & D Cumming-Potvin (eds), Deep Mining
2024: Proceedings of the 10th International Conference
on Deep and High Stress Mining, Australian Centre for
Geomechanics, Perth, pp. 1039-1050, https://doi.
org/10.36487/ACG_repo/2465_66

AUDREY GOULET

Conference papers

2024

Goulet, A & Grenon, M 2024, ‘Linking the orientation of
seismic response clusters following development blasting,
the stress regime and large-scale structures’, in P Andrieux
& D Cumming-Potvin (eds), Deep Mining 2024: Proceedings
of the 10th International Conference on Deep and High Stress
Mining, Australian Centre for Geomechanics, Perth, pp.
947-962, https://doi.org/10.36487/ACG_repo/2465_60



Goulet, A & Grenon, M 2024, ‘Optimisation of available
structural data in deep underground mines to improve
fault zone models’, Proceedings of GeoMontreal 2024,
The Canadian Geotechnical Society, Surrey.

Journal papers

2024

Goulet, A, Grenon, M & Hadjigeorgiou, J 2024,
‘Understanding seismic hazards associated with
development mining: the role of local geology and
structures’, Geotechnical and Geological Engineering,
vol. 24, pp. 3137-3169, https://doi.org/10.1007/s10706-
023-02721-0

Goulet, A & Grenon, M 2024 ‘Managing seismic risk
associated to development blasting using random forests
predictive models based on geologic and structural
rockmass properties’, Rock Mechanics and Rock Engineering,
vol. 57, no. 11, pp. 9805-9826, https://link.springer.com/
article/10.1007/s00603-024-04031-0

Thesis

Goulet, A 2024, Quantification de [linfluence des
caractéristiques du massif rocheux sur les réponses
sismiques des sautages de galeries de développement pour
mieux comprendre et anticiper l'aléa sismique, PhD thesis,
Université Laval, Quebec, https://corpus.ulaval.ca/
entities/publication/9e6f5214-3cel1-440f-977d-
3504cb9908af

AUDREY MATHIEU

Conference papers

2024

Mathieu, A, Potvin, Y & Grenon, M 2024, ‘Towards the
development of an empirical method to assist in the
selection of ground support systems in rockburst-prone
conditions’, in P Andrieux & D Cumming-Potvin (eds),
Deep Mining 2024: Proceedings of the 10th International
Conference on Deep and High Stress Mining, Australian
Centre for Geomechanics, Perth, pp. 447-456, https://
doi.org/10.36487/ACG_repo/2465_24

JOSEPH MBENZA

Conference papers

2024

Mbenza, J, Potvin, Y & Wesseloo, J, ‘Fibre reinforced
shotcrete strategy for optimisation of ground support
efficacy’, Proceedings of the 9th International Conference
and Exhibition on Mass Mining, Mining and Rock Engineering,
Lulea University of Technology, Lulea, pp. 1534-15427.

BENOIT MCFADYEN

Conference papers

2024

Woodward, K, McFadyen, B & Tremblay, K 2024,
‘Integrating a new approach at the Westwood mine site
for predicting the stope mined geometry’, in P Andrieux
& D Cumming-Potvin (eds), Deep Mining 2024: Proceedings
of the 10th International Conference on Deep and High
Stress Mining, Australian Centre for Geomechanics,
Perth, pp. 1335-1348, https://doi.org/10.36487/ACG_
repo/2465_88

Journal papers

2023

McFadyen, B, Grenon, M, Woodward, K & Potvin, Y,
2023, ‘Assessing stope performance using georeferenced
octrees and multivariate analysis’, Mining Technology:
Transactions of the Institutions of Mining and Metallurgy,
vol. 132, no. 2, pp. 132-152.

McFadyen, B, Grenon, M, Woodward, K & Potvin, Y
2023, ‘Predicting open stope performance at an octree
resolution using multivariate models’, Journal of the
Southern African Institute of Mining and Metallurgy, vol. 123,
no. 6, pp. 309-320, http://dx.doi.org/10.17159/2411-
9717/2770/2023

Thesis

McFadyen, B 2024, Developing a New Methodology
for Predicting Open Stopes’ Performance, PhD thesis,
Université Laval, Quebec.

ERWIN MMBANDO

Conference papers

2022-2023

Mmbando, E, Fourie, A, Reid, D, O’Loughlin, C, Gao, J &
Wang, Y 2022, ‘Residual strength based on CPT sleeve
friction and a constant volume ring shear device)
Proceedings of the 26th International Conference on Tailings
and Mine Waste, The University of British Columbia,
Vancouver.

Journal papers

2024
Mmbando, E, Fourie, A, Reid, D & Gao, J 2024, ‘Effect of
compressibility on the stress state of wet and dry bauxite

residue’, Canadian Geotechnical Journal, vol. 62, https://
doi.org/10.1139/cgj-2024-0090



Mmbando, E, Fourie, A, Reid, D, Gao, J, Nasharuddin, R &
Fridjonsson, E 2024, ‘Effects of structure and pore-water
chemistry on critical state behavior of bauxite residue’,
Canadian Geotechnical Journal, vol. 62, https://doi.
org/10.1139/cgj-2024-0091

Mmbando, E, Fourie, A & Reid, D 2023, ‘Mechanics of
an iron ore tailings exhibiting transitional behaviour’,
Geotechnical and Geological Engineering, vol. 41, no. 3,
pp. 2211-2220, https://doi.org/10.1007/s10706-023-
02379-8

Thesis

Mmbando, E 2024, Ensuring geotechnical stability of filtered
tailings stacks, PhD thesis, The University of Western
Australia, Perth. https://corpus.ulaval.ca/entities/
publication/9e6f5214-3cel1-440f-977d-3504cb9908af

KYLE WOODWARD

Conference papers

2024

Woodward, K, McFadyen, B & Tremblay, K 2024,
‘Integrating a new approach at the Westwood mine site
for predicting the stope mined geometry’, in P Andrieux
& D Cumming Potvin (eds), Deep Mining 2024: Proceedings
of the 10th International Conference on Deep and High
Stress Mining, Australian Centre for Geomechanics,
Perth, pp. 1335-1348, https://doi.org/10.36487/ACG_
repo/2465_88

Journal papers

2023

McFadyen, B, Grenon, M, Woodward, K & Potvin, Y
2023, ‘Assessing stope performance using georeferenced
octrees and multivariate analysis’, Mining Technology:
Transactions of the Institutions of Mining and Metallurgy,
vol. 132, no. 2, pp. 132-152, https://doi.org/10.1080/25
726668.2023.2205080

McFadyen, B, Grenon, M, Woodward, K & Potvin,
Y 2023, ‘Predicting open stope performance at an
octree resolution using multivariate models’, Journal of
the Southern African Institute of Mining and Metallurgy,
vol. 123, no. 6, pp. 309-320, https://www.saimm.co.za/
Journal/v123n6p309.pdf

2024

McFadyen, B, Grenon, M, Woodward, K & Potvin, Y
2024, ‘Optimising stope design through economic and
geotechnic assessments of predictions made at a
meter scale resolution using the sites' reconciled data’,
International Journal of Rock Mechanics and Mining Sciences,
vol. 178, https://doi.org/10.1016/j.ijrmms.2024.105778

PRANAY YADAV

Conference papers

2024

Simser, B, Yadav, P & Butler, T 2024, ‘Evolution of fault-
related seismic behaviour at Nickel Rim South Mine’,
in P Andrieux & D Cumming-Potvin (eds), Deep Mining
2024: Proceedings of the 10th International Conference
on Deep and High Stress Mining, Australian Centre for
Geomechanics, Perth, pp. 1003-1020, https://doi.
org/10.36487/ACG_repo/2465_64

Yadav, P 2024, ‘Geomechanical evolution of the Nickel
Rim South Mine’, in P Andrieux & D Cumming-Potvin (eds),
Deep Mining 2024: Proceedings of the 10th International
Conference on Deep and High Stress Mining, Australian
Centre for Geomechanics, Perth, pp. 61-84, https://doi.
org/10.36487/ACG_repo/2465_0.03




Since its inception in 2017, the ACG’s Online Repository
of Conference Proceedings has shown pleasing growth in
the number of downloads and traffic to the site. Equally,
the number of papers offered has grown, with papers from
each new international event being added, and permission
being granted from authors of papers from previous events
to add their papers as well.

With an ever-expanding catalogue of high-quality, peer-
reviewed technical papers available to download for free, it
is a highly valuable resource to industry and academia alike.

The papers available cover topics within four main
disciplines: underground mining, open pit mining, mine
closure, and paste, thickened and filtered tailings.
The breakdown of the number of papers freely available
within these disciplines is as follows:

e Underground mining: 1213 papers from
23 conferences.

e  Open pit mining: 446 papers from 8 conferences.
e  Mine closure: 814 papers from 12 conferences.

e Paste, thickened and filtered tailings: 626 papers from
20 conferences.

In total, the repository offers an impressive 3,099 papers
for free download to date.

The number of downloads to date totals over 2.188 million
with the milestone figure of 2 million downloads achieved
in October 2024.
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The number of downloads per discipline is:

e Underground mining: 858,086 downloads.
e  Open pit mining: 499,668 downloads.

e  Mine closure: 447,113 downloads.

e Paste, thickened and filtered tailings:
383,568 downloads.

In 2023, the Paste 2023, Ground Support 2023, Mine
Closure 2023, and SSIM 2023 conferences contributed an
additional 73, 48, 104, and 70 papers, respectively, and in
2024, Paste 2024, Deep Mining 2024, and Mine Closure
2024 brought 46, 100, and 98 papers, respectively, to the
catalogue.

The ACG team is delighted with the response to the open
access repository, and looks forward to the continued
expansion and increased awareness and utilisation of this
beneficial resource. It is one of the tools with which the
ACG facilitates the commitment to widespread knowledge
sharing, in the endeavour to reach geomechanical
excellence.

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

Accessing geomechanical excellence

® 2023 @ 2024
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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 2024
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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 2023-2024.

AFFILIATE MEMBERSHIP ENTITLEMENTS

CORPORATE AFFILIATES

BHP

New Concept Mining, powered by Epiroc
Newmont Australia

PSM

REC Geotechnical and Tailings

Red Earth Engineering

Resolve Mining Solutions

Reutech Australia

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 event supplements and annual
reports,

e submit technical articles to event supplements
(distribution: approximately 8,000),

e invitations to technical meetings,

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

e discounts on project, research reports and
training materials,

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
technology.
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