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Australian Centre for Geomechanics

The Australian Centre for Geomechanics (ACG) was formally established in 1992 as a University of Western
Australia not-for-profit research centre in order to promote research excellence and continuing education in
geomechanics, with particular emphasis on its application to the mineral and energy extraction sections of
Australia’s resources industry.

The Australian Centre for Geomechanics is an unincorporated Joint Venture involving:
e CSIRO Mineral Resources
e The University of Western Australia — Civil, Environmental and Mining Engineering

The ACG draws together staff knowledge, experiences and expertise from within the two groups forming the
Centre and facilitates a multi-disciplinary approach to research and education in geomechanics. Research
undertaken by the ACG attracts both national and global support and the outcomes of the projects are utilised
to promote safer mining and environmental geomechanics practices, operating efficiencies and to meeting
community expectations for sustainable mining practices.

With the guidance of strong industry representation on the Board of Management, and close collaboration
with senior representatives of the mining industry, research, training and further education activities are
tailored directly to the needs of industry. The ACG Board expects the Australian Centre for Geomechanics
to be the focal point for industry on geomechanics issues and to address the needs of industry through a
collaborative interdisciplinary approach.

Online Repository of Conference Proceedings

Launched in 2017, the ACG Online Repository of Conference Proceedings provides
the global mining community with open access, peer-reviewed conference papers
that may assist industry practitioners to maintain and develop their skills, knowledge
and capabilities. This highly interactive and searchable repository provides
importable citation information in various forms, links to the paper authors’ profiles
on ResearchGate and LinkedIn, as well as the ability to share papers on social media.

Accessing geomechanical excellence

Withthe recentaddition of the Mine Closure 2024 papers, 786 Mine Closure conference papers
are now freely available. Setting a high standard for technology transfer and accessibility, this
valuable online resource will continue to develop and grow with future conferences.

Scan the QR code to view the Mine Closure 2024 conference proceedings papers.

=

MineClosure
786 Mine Closure papers Over 408,300 Mine Closure
available to download papers downloaded

Source: ACG internal analytics November 2024
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Preface

The 17th International Conference on Mine Closure returns to Perth, Australia, the location of the inaugural conference in
2006. The number of papers submitted to this year’s conference is testament to how the topic of mine closure has become part
of core business for responsible mining companies. There are now teams of specialised and highly experienced mine closure
practitioners working across the industry, focusing on ensuring favourable post-closure outcomes for both stakeholders and
the environment.

The enormous interest in submitting papers for consideration for presentation at this year’s conference, and consequent
inclusion in this fully peer-reviewed proceedings, necessitated a program model of three parallel sessions. This is a testament
to the quality of submissions received. The large number of papers included here is despite the fact that the final acceptance
rate for presented papers was 48% of those submitted for consideration. The diversity of authorship from across academia and
industry is also tribute to the unique value provided through these proceedings in documenting and sharing knowledge and
innovations in practice from multiple perspectives and disciplines.

This year, we are focusing on emphasising papers presented at the conference within the framework of the United Nations
Sustainable Development Goals (UN SDGs). According to the UN, ‘The SDGs aim to transform our world. They are a call to action
to end poverty and inequality, protect the planet, and ensure that all people enjoy health, justice, and prosperity.” These goals
map closely on to what good mine closure should aim for as an outcome, and many of our themes in previous conferences map
closely to these. To help us look beyond the mines we wish to close, we hope to encourage a broader appreciation of what our
industry and conference can achieve on the global stage. The 17 UN SDGs are:

1. No poverty (SDG 1) 10. Reduced inequalities (SDG 10)

2. Zero hunger (SDG 2) 11. Sustainable cities and communities (SDG 11)

3. Good health and well-being (SDG 3) 12. Responsible consumption and production (SDG 12)
4, Quality education (SDG 4) 13. Climate action (SDG 13)

5. Gender equality (SDG 5) 14. Life below water (SDG 14)

6. Clean water and sanitation (SDG 6) 15. Life on land (SDG 15)

7. Affordable and clean energy (SDG 7) 16. Peace, justice, and strong institutions (SDG 16)

8. Decent work and economic growth (SDG 8) 17. Partnerships for the goals (SDG 17)

9. Industry, innovation and infrastructure (SDG 9)

To emphasise the contribution of the 17th International Conference on Mine Closure to these SDGs, specific SDGs addressed
in each session have been identified as follows:

Relinquishment and legacy management SDG 3,6, 8,9, 10, 11, 12, 14, 15, 16, 17
Stakeholders and communities SDG1,2,3,4,5,6,7,8,10, 11, 13, 14, 15, 16, 17
Ecosystem reconstruction SDG 3, 6, 8, 13, 14, 15

Modelling and risk SDG 3, 6,9, 12, 14, 15

Water management SDG 3,6,9,12,13, 14,15

Land rehabilitation SDG 1, 2,3,6,8,9, 10,11, 12, 13, 15

Case studies SDG 6, 8,9, 12, 15,

Landform design SDG 6, 9, 12, 15,

Mine closure planning SDG6, 8,9, 11,12, 13, 14, 15,16, 17
Tailings management SDG 6,9, 12, 14, 15

Abandoned mines SDG 3,6, 8,9, 10, 11, 12,13, 14, 15, 16, 17
Pit lakes SDG6,9,12,13,14

Landforms, drainage and erosion SDG 6,9, 12, 14, 15,

Financing and cost estimation SDG 1, 2,3,8,9, 10, 11, 12, 14, 15, 16, 17
Risk and hazards SDG3,6,9,12,14, 15

Post-mining land use SDG 3, 6, 8, 13, 14, 15

Legislation and regulation SDG 3, 6,8, 11,12, 13, 14, 15,16, 17

We hope that making these explicit links will foster and encourage discussion at this year’s conference on how our activities
can continue to make meaningful contributions to society and perhaps even broaden the scope and quantum of addressing
the seventeen SDGs.

The conference proceedings are freely available from the ACG Online Repository of Conference
Proceedings courtesy of Open Access Sponsors, Klohn Crippen Berger and Mine Earth Pty Ltd. The papers
can be accessed by scanning the QR code or from papers.acg.uwa.edu.au/mc2024.

Professor Andy Fourie, Professor Mark Tibbett and Dr Guy Boggs
Mine Closure 2024 Co-editors
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Conference Sponsors

The Australian Centre for Geomechanics proudly acknowledges the generous contribution by the Principal
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PRINCIPAL SPONSOR

BHP

MAJOR SPONSORS

/ e
ENGENY 7. ERM

RPM_ /1 ((SGME
3wSLR s srkS0

ARV C

caliore

Mine Closure 2024, Perth, Australia



Xii

Mine Closure 2024, Perth, Australia



vii

Xi

Table of Contents

Australian Centre for Geomechanics
Committees

Technical Reviewers

Preface

Conference Sponsors

Keynote addresses

17

29

A mine ends. Then what? Some reflections on best practice
Peter Whitbread-Abrutat, Future Terrains International, UK

Social, economic and environmental resilience through mine closures: why collaboration and
partnership are key

Emma Gagen, Jessica Nicholls, Sally Innis, Amber Rowntree, Diane Tang-Lee, Danielle Martin,
ICMM, UK

Recent developments in the science and technology of in situ solvent leaching of tailings for
reprocessing, rehabilitation and closure

Gawen RT Jenkin, Centre for Sustainable Resource Extraction, University of Leicester, UK;

Carlo A Arcilla, Nuclear Materials Research, Philippine Nuclear Research Institute, Department
of Science and Technology, Philippines; Andrew P Abbott, Centre for Sustainable Materials
Processing, University of Leicester, UK; Luke Bateson, British Geological Survey, UK; Angel T
Bautista VII, Nuclear Materials Research, Philippine Nuclear Research Institute, Department of
Science and Technology, Philippines; Jonathan E Chambers, British Geological Survey, UK;

... Yujie Yan, Camborne School of Mines, University of Exeter, UK

Plenary session papers

47

59

71

Risks and cost estimates: the disconnect
Geoff Byrne, Niboi Consulting, Australia

Using a landform evolution model to model the effect of extreme rainfall events on the
geomorphic stability of a rehabilitated landform

John Lowry, Mike Saynor, Office of the Supervising Scientist, Australia; Gregory Raymond
Hancock, The University of Newcastle, Australia; Tom Coulthard, University of Hull, UK

Building durable legacies: a holistic approach to closure design for mining landforms
Shannon Mackenzie, Elis Smedley, Mine Earth Pty Ltd, Australia

Mine Closure 2024, Perth, Australia Xiii



85

99

107

121

131

Predictive modelling of slope reliability for a Victorian open pit mine using numerical and
artificial intelligence techniques

Nima Baghbani, Thomas Baumgartl, Future Regions Research Centre, Federation University,
Australia

Progress towards implementing a research agenda towards post-mining transitions

Thomas Measham, Jim Walker, CRC TiME, Australia and The University of Queensland,
Australia; Fiona Haslam McKenzie, CRC TiME, Australia and The University of Western Australia,
Australia; Agnes Samper, David Brereton, CRC TiME, Australia and The University of
Queensland, Australia; Guy Boggs, CRC TiME, Australia and The University of Western Australia,
Australia

Environmental, social and governance influences on closure cost provisioning and why we
need a global standard for reporting closure financial liability
Sonia J Finucane, Kirsty Beckett, Pershke Consulting Pty Ltd, Australia

Envisioning the future: Does imagery help or hinder?
Kirsty Beckett, Pershke Consulting Pty Ltd, Australia; Jillian D’Urso, CRC TiME, Australia

Integrated closure planning and closure criteria: the road to success ... criteria
Jeanette Erasmus, Nadine Coetzer, E-TEK Consulting, South Africa

Relinquishment and legacy management

143

157

165

183

Xiv

Integrating the Sustainable Development Goals into post-mining land use selection
Gareth B Simpson, WSP, Australia; Kim Ferguson, Neeltje Slingerland, WSP, Canada;
Raina Hattingh, Whitehaven Coal, Australia

The regulatory journey to improving mine closure success in Western Australia
Danielle Risbey, Department of Energy, Mines, Industry Resources and Safety, Australia

A South Australian tailings storage facility: dust emissions study
Cameron S McNaughton, Leigh R Crilley, Florence Damour, Jessica Radevski, Atmospheric
Services Team, WSP, Australia; Matthew Klink, Josh Allen, BHP, Australia

A review of the DUB-GEM project and the applicability of drone-based gamma spectrometry
in mine closure and remediation

Benedikt Preugschat, Sub-Department of Research and Development Centre for Post Mining
Areas, Federal Institute for Geosciences and Natural Resources, Germany and Leibniz University
Hannover, Germany; Christian Kunze, IAF-Radio6kologie GmbH, Germany; Benjamin Wiens,
Third Element Aviation GmbH, Germany; Sven Altfelder, Sub-Department of Groundwater
Resources — Quality and Dynamics, Federal Institute for Geosciences and Natural Resources,
Germany

Mine Closure 2024, Perth, Australia



Stakeholders and communities

199

213

231

245

255

263

275

285

295

It’s complex: reframing narratives around the social impacts of mine closure
Ed O’Keefe, Synergy Global Consulting Ltd, UK

Ready, set, close! Assessing social values and community readiness for mine closure and
post-closure transitions
Sonia J Finucane, Pershke Consulting Pty Ltd, Australia

The power of collaboration and realism in social transition planning: an improved foundation
for success in remote Australia

Charlie Wilson-Clark, WSP, Australia; Gillian Macmillan, Rio Tinto, Australia; Ray Winn,

Carla Martinez, WSP, Australia

Challenges of mine closure as a tool for reconciling mining with local communities and
conservation units in the Amazon

Fernando Evangelista Kutchenski Junior, Fabio Perlatti, Andre Elias Marques, José Carneiro de
Jesus Neto, Mining National Agency, Brazil

In which conversations should community stakeholders be involved?
Rosemary Joiner, Jennifer Brereton, Mine Land Rehabilitation Authority, Australia

Collaboration with the local community to implement sustainable reclamation projects in the
mining area

Ayu Dyah Rahma, Mara Maswahenu, Muhammad Hatta Aditama, Daniel Mahendra,

Arie Dwika Rahmandhana, Environmental Department, PT. Amman Mineral Nusa Tenggara,
Indonesia; Ahdiat Amiril, Lalu Nofa Setiawan Putra, Savytri lka Dewi Puspitasari, Social Impact
Department, PT. Amman Mineral Nusa Tenggara, Indonesia

Social outcomes following mine closure: an abundance of good intentions undermined by a
lack of leverage
Liz Wall, Shared Resources Pty Ltd, Australia

Stakeholder engagement and ecosystem services for mine closure

Yuan Pan, Department of Sustainable Land Management, School of Agriculture, Policy and
Development, University of Reading, UK and Department of Digital Humanities, King’s College
London, UK; Sarah Duddigan, Department of Sustainable Land Management, School of
Agriculture, Policy and Development, University of Reading, UK and Department of Geography
& Environmental Science, University of Reading, UK; Ma Catriona E Devanadera, Department of
Community and Environmental Resource Planning, College of Human Ecology, University of the
Philippines Los Bafios, Philippines; Mark Tibbett, Department of Sustainable Land Management,
School of Agriculture, Policy and Development, University of Reading, UK

enviroMETS Lighthouse Projects: a strategic pathway to high-value sustainable post-mining
land use
Allan Morton, Russell Merz, enviroMETS, Australia

Mine Closure 2024, Perth, Australia XV



XVi

309

325

337

351

Institutional, stakeholder and regulatory constraints to the redevelopment of mine sites to
alternative employment-generating land uses: Hunter Valley case study

David Holmes, Sheridan Coakes, Rhiannon Jaeger-Michael, Umwelt Environmental & Social
Consultants, Australia

Island mining: a look at the planning to successfully close and rehabilitate Mount Gibson’s
Koolan Island mine

Jacob King, David Temple-Smith, Jake Devenny, Mount Gibson Iron Limited, Australia;

Ebony Kershaw, Department of Energy, Mines, Industry Regulation and Safety, Australia

Navigating divergent expectations: completion criteria challenges in the Pilbara, Western
Australia
Stawm Malan, Darren Murphy, WSP, Australia

Nuclear power renaissance and the challenge of closing legacy uranium mine and mill sites
Cynthia Ardito, INTERA, USA; Rui Hugman, INTERA, Portugal; Angela Persico, John Sigda,
INTERA, USA

Ecosystem reconstruction

365

375

389

401

415

Development of an ecosystem model for post-mining land use with a systems dynamics
approach

Paul Hesketh, Mayra Zevallos, Environmental Resources Management, UK; Karim Chichakly,
isee systems, USA

From mine waste to engineered growth media: reflecting on how to reduce reliance on
topsoil for rehabilitation in Western Australia
Eduardo Salfate, Mina Esmi, Lachlan Robertson, WSP, Australia

Comparing coal mine rehabilitation practices in Queensland, Australia with Wyoming,
United States of America

Jason Dunlop, James Purtill, Office of the Queensland Mine Rehabilitation Commissioner,
Australia; Muthu Kuchanur, Kyle Wendtland, Wyoming Department of Environmental Quality,
USA

Rehabilitating and closing a coal tailings storage facility in Central Queensland, Australia:
a non-conventional approach based on ecological engineering of pedological processes
Brendan Roddy, Engeny, Australia; Longbin Huang, The University of Queensland, Australia;
Craig Lockhart, BHP, Australia

Research-led adaptive management in rehabilitation

Lucy Commander, Alcoa of Australia, Australia and School of Agriculture and Environment,
The University of Western Australia, Australia; Justine Barker, Cameron Blackburn, Andrew
Grigg, Greg Mullins, Amber Pattinson, Alcoa of Australia, Australia

Mine Closure 2024, Perth, Australia



427 Can deep eutectic solvents be used to mobilise copper from tailings while providing a
pathway towards rehabilitation?
Vinicius Henrique De Oliveira, Sarah Duddigan, University of Reading, UK; James Symonts,
Michael ] Whelan, Vimalnath Selvaraj, Andrew P Abbott, Gawen RT Jenkin, University of
Leicester, UK; Mark Tibbett, University of Reading, UK

441 Microbial species richness under spontaneous plant colonisation in copper mine tailings
Jose Enrico H Lazaro, National Institute of Molecular Biology and Biotechnology, University of
the Philippines Diliman, Philippines; Erwin John Sioson, National Institute of Molecular Biology
and Biotechnology, University of the Philippines Diliman, Philippines and Philippine Nuclear
Research Institute, Department of Science and Technology, Philippines; Joyce Amarachi Aja,
National Institute of Molecular Biology and Biotechnology, University of the Philippines Diliman,
Philippines; Joseph Dayap, Karen Salandanan Bautista, Bureau of Soils and Water Management,
Department of Agriculture, Philippines; Alexandria M Tanciongco, John Henry C Gervasio,
Rico Neil M Quierrez, Jessie O Samaniego, Carlo A Arcilla, Philippine Nuclear Research Institute,
Department of Science and Technology, Philippines; Marilyn Ong Quimado, Department of
Forest Biological Sciences, University of the Philippines Los Bafios, Philippines; Laura Newsome,
Camborne School of Mines, University of Exeter, UK; Mark Tibbett, School of Agriculture,
Policy and Development, University of Reading, UK

455 Effective rehabilitation and closure planning: lessons from Base Titanium mine, Kwale, Kenya
Nick Okello, Denham Vickers, Base Titanium Limited, Kenya

473 Pilot reclamation of a tin mining area using biochar on Bangka Island, Indonesia
Andreas Méller, Philip Schiitte, Federal Institute for Geosciences and Natural Resources,
Germany; Ahmad Saragi, CV Arta Pasada Utama, Indonesia; Ichsan Nurul, Regional
Development Planning Agency, Indonesia; Gudrun Franken, Federal Institute for Geosciences
and Natural Resources, Germany

Modelling and risk

487 A conceptual risk management framework for post-closure settlement of fill
George E Brink, Erich Heymann, Rio Tinto, Australia

503 Integrated residual void modelling incorporating water balance, hydrogeological and flood
modelling, and geotechnical and geochemical assessments for final closure landform risk
reduction
Luke Johnston, WSP, Australia; Raina Hattingh, Whitehaven Coal, Australia

513 Development of a predictive numerical model of water-rock interaction to estimate mine
drainage water quality evolution from a waste rock dump located in northern Chile
Nicolds Ferrada, Amphos21 Consulting, Chile; Emilie Coene, David Arcos, Amphos21 Consulting,
Spain; Rodrigo Alarcén, Marine Bouguereau, Amphos21 Consulting, Chile

529 Considerations for 2D and 3D slope stability analysis for closure of a tailings storage facility

Nicolas Pereira, Scott H Lines, Red Earth Engineering a Geosyntec Company, Australia;
Alfredo Arenas, ATC Williams, Australia

Mine Closure 2024, Perth, Australia Xvii



xviii

Water management

543

555

569

585

Groundwater nitrate as a potential contributing source of acid and metalliferous drainage
Terry Harck, Hydro Geochem Group, Australia; Paul Weber, Mine Waste Management,
New Zealand; Wijnand Gemson, Hydro Geochem Group, Australia

Improving probabilistic predictions of post-closure groundwater solute loads for Ranger
uranium mine

John Sigda, Ahmad Askar, Toya Jones, John Pickens, INTERA, USA; Sharon Paulka, lan Harvey,
Rhiannon Stockdale, Energy Resources of Australia, Australia

Option analysis to reduce solute loading to surface water receptors from a Ranger mine
tailings storage facility

Toya Jones, Ahmad Askar, John Pickens, John Sigda, Dennis Fryar, INTERA, USA; Sharon Paulka,
Rhiannon Stockdale, Energy Resources of Australia, Australia

Understanding and managing groundwater impacted by historical mining beneath the city of
Bendigo
Mick Hoban, Natalie Trotter, Department of Energy, Environment and Climate Action, Australia

Land rehabilitation

601

615

627

643

653

Geotechnical properties of well-compacted coal wash reject for use as backfill in
rehabilitation projects: literature review and testing for assessment of settlement
characteristics

Stephen Du, Shashanka Ghimire, David Piccolo, PSM, Australia

Mapping tailings storage facilities associated with abandoned mine sites

Mbalenhle Mpanza, Department of Mining Engineering and Mine Surveying, University of
Johannesburg, South Africa; Jillian Wistockk, Esri, South Africa; Steven Rupprecht, Department
of Mining Engineering and Mine Surveying, University of Johannesburg, South Africa

Three years of barrier cover field trials at Rosebery mine
Timothy Rohde, Harrison Vogler, Jack Lang, SGME, Australia; Jonathon Crosbie, Adam Pandelis,
MMG, Australia

Optimising cover system performance with native vegetation at Mt. Whaleback mine to
minimise acid and metalliferous drainage risk: a research consortium approach

Bridget Johnson, Okane Consultants, New Zealand; Jasmine Gale, Rommel Mejia, BHP,
Australia; Erik Veneklaas, Matthias Leopold, The University of Western Australia, Australia;
Mitchell Barteaux, Okane Consultants, Canada; Mark Phillip, Okane Consultants, USA;

Hal Cooper, Okane Consultants, Canada; Todd E Erickson, Dylan Gibson, The University of
Western Australia, Australia; Miriam Clark, Okane Consultants, Canada; Emma Stock, BHP,
Australia; Golam Taki, Darren Springer, Okane Consultants, Australia

Author Index

Mine Closure 2024, Perth, Australia





