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Abstract
Mine closure planning is critical for licencing mines to operate, whether surface or underground. However, due
to the emergent nature of mining operations and closure processes, which may often be influenced by changes in
deposit knowledge, mine ownership, regulatory requirements, and requirements from external stakeholders,
planning for post-mining alternatives with accurate cost estimates is a complex challenge. This research utilises a
robust hybrid Complex Adaptive Systems (CAS) framework to investigate the issues that need to be addressed in
closure planning. The rationale for this approach is that each CAS view (standalone) of mine closure planning does
not adequately address the fundamental challenges of mine closure from the perspectives of value, liability,
accountability, responsibility, and uncertainty over time. A thorough literature review indicates a disconnect
between plans and its execution at end of mine life. Expert opinion was sought through interviews and
questionaries, as indicated earlier in the paper, in order to validate the short list of significant mine closure
planning issues and challenges found during the literature review.
Long-term post-mining regulatory enforcement, management, and the uncertainties of social requirements for
closure are among these issues, as is the lack of integration of key stakeholders, key inputs, process, and
mechanisms (knowledge base) that acts as a feedback mechanism to convert lessons learned over time to
actionable improvements to prevent future recurrence of poor mine closure outcomes. The diverse regulatory
focuses of the main agencies, lack of a consistent, clear, and unambiguous set of legal requirements, and the lack
of flexibility in relation to regulatory integration were identified as big issues from a regulatory perspective. From
an operator’s standpoint, significant knowledge gaps for mine operators when it comes to assessing (effectively
and efficiently evaluating) novel alternative land uses, apparent lack of knowledge base to guide a clear, concise
development of mine closure plans and inability to quantifying the intangible, such as the expenses of ‘what ifs’
or the consequences (lost opportunity) of not executing something effectively, were identified as big issues.
Future mine closure planning research should prioritise the development of an integrated knowledge-based
toolkit for effective control and collaborative management of mine closure planning (MCP).
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Executive Summary
The project aimed to investigate and understand the key closure planning issues that inhibit the realisation of
mine closure plans. An extensive literature study was conducted and completed with inputs from the industrial
stakeholders and regulatory bodies. A framework for mine closure planning (MCP) and its processes was
developed under three stages (i.e., conceptual, progressive rehabilitation and decommissioning of mine) in line
with strategic mine planning and mining operations within an idealistic perception. The interview and the surveys
were conducted with different mine closure planning experts who are currently involved in MCP. The stakeholders
from regulatory/government bodies were also consulted for their feedback on MCP. This research utilises a robust
hybrid Complex Adaptive Systems (CAS) framework to investigate the issues that need to be addressed in MCP.
The rationale for this approach is that each CAS view (standalone) of mine closure planning does not adequately
address the fundamental challenges of mine closure from the perspectives of value, liability, accountability,
responsibility, and uncertainty over time.
A thorough literature review indicated a disconnect between MCPs and their execution at end of mine life. Expert
opinion was sought through interviews and questionnaires, to validate the short list of significant mine closure
planning issues/challenges found during the literature review. A thorough examination of the key mine closure
planning issues identified through an extensive review, expert advice sought from regulatory agencies and mine
operators through verbal talks and surveys, highlighted a number of challenges. This report used a new Hybrid
Complex Adaptive Systems Framework that incorporates aspects of SIPOC (Sources, inputs, processes, outputs,
currency) and Communication Systems to dissect where the problems with the mine closure planning process'
workflow reside. Twenty-five major difficulties were discovered in relation to the five aspects of the SIPOC tool,
as well as the sixth element, which deals with the feedback loop between regulatory authorities and the mine
operator.
From the perspective of the mine regulator, the diverse regulatory focuses of the main agencies result in lengthy
processes with sometimes unconnected and complicated documentation. The lack of a consistent, clear, and
unambiguous set of legal requirements, and the lack of flexibility in relation to regulatory integration and closure
expectations of important stakeholders have all aggravated the situation. Firstly, the diverse regulatory focuses
of the main agencies result in lengthy processes with sometimes unconnected and complicated documentation.
Secondly, the lack of a consistent, clear, and unambiguous set of legal requirements, and the lack of flexibility in
relation to regulatory integration and closure expectations of important stakeholders have aggravated the
situation. Thirdly, rather than ‘regulate and control’, the regulator appears to have a responsibility to monitor
(guide the operator) the process to ‘make it happen’. Finally, there appears to be a gap in the legislative and
regulatory knowledge base that inhibits regulators from drawing on lessons learned and historic event triggers to
determine which land-use options are viable.

7
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From the mine operators’ point of view, there are significant knowledge gaps for mine operators when it comes
to assessing (effectively and efficiently evaluating) novel alternative land uses, notwithstanding the recognition.
Historically, there have been gaps and an apparent lack of knowledge base that offers the mine operator a clear,
concise approach to develop a mine closure plan that meets the mine regulator's requirements for approval
without the need for external experts and consultants. As a result, the mine operator's understanding of the
legislative ramifications of closure-related choices is limited to enforcement. Secondly, once a mining firm stops
making sufficient profit (shareholder driven) from a mining project, the next best option is often to ‘get rid of it as
quickly as possible’ - after all, they are in the business of mining for profit. When it comes to deciding a mine
closure plan that favours a transition to an alternative mineral economy, the ultimate decision is clearly
determined by profitability and cost rather than the long-term viability of the post-mining option. Thirdly,
quantifying intangibles, such as the expenses of ‘what ifs’ or the consequences (lost opportunity) of not executing
something effectively, is a double-edged sword that many mining (and MCP managers) are grappling with on an
ongoing basis.

8
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1. Introduction
1.1 Preamble
Mine Closure Planning (MCP) is a necessity for obtaining a licence to operate any mine, whether surface or
underground (Nehring and Cheng, 2016; Rosa, Morrison-Saunders, and Sánchez, 2018). However, due to the
changing nature of closure processes in mining operation, which may often be influenced by changes in deposit
knowledge, mine ownership, regulatory requirements, and requirements from external stakeholders, planning for
post-mining alternatives with accurate cost estimates is a complex challenge (Sonia Finucane, 2008; Monosky and
Keeling, 2021; Prno and Slocombe, 2014). Prior interactions with mine closure specialists, special interest groups
(SIGs), and end-users, indicate a disconnect between mine planning/decision-making and actual mine closure
outcomes. This research investigates MCP Issues in Australia and how they drive closure outcomes and change
needed to facilitate the transition to indispensable post mining economies. To identify the key closure planning
challenges that prevent mine closure plans from being realised, this study uses two complex adaptive system
viewpoints. It identifies the major challenges and issues at the root of the closure planning process (plan vs actual
realisation) through a mixed research method of literature analysis, interviews, and surveys that uses expert
opinion to identify gaps and MCP issues that need to be addressed in the future research work. This research
informs the foundational elements of the CRC TiME research portfolio from June 2020.

1.2 Project Overview
The task of Mine Closure Planning (MCP) forms a critical requirement for attaining the license to operate any mine
– surface or underground. However, planning for post-mining alternatives with accurate cost estimates is a
complex challenge due to the evolving nature of mining operation closure processes, which is often influenced by
changes in deposit knowledge, mine ownership, regulatory requirements, and requirement from external
stakeholders. Prior interactions with mine closure experts, special interest groups (SIG) and end-users suggests
that there is a disjoint between mine planning, decision-making, and realised mine closure outcomes. This project
investigated how mine planning drives closure outcomes and what needs to change to facilitate the transition and
potential relinquishment of mined land (understanding the role of mine closure planning and mine closure plans
from multiple perspectives).

1.3 Aims and Objectives
This project aimed to identify the issues and root problems associated with the mine closure planning area (plan
vs actual realisation). This work delivered a report on how the industry and government systems and practices
involved in MCP help or hinder mine relinquishment and transition to alternative post mining land uses. There is
a strong link between this project and Project F 3.7 – Comparative Closure: assessing the biophysical closure
challenges of different mining methods – (as both look at the influence that planning decisions and mine design
have on closure) and F1.1 – Towards a framework for cumulative regional impact assessment – (which baselines
cumulative impacts due to the move from static based tools to dynamic evaluation).
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1.4 Work Program and Activities
The work activities in this project were divided into four elements. Element 1 involved the collation, sorting and
initial review relevant industry literature, including (Australian and non-Australian) closure planning guidelines,
policies, standards, operational procedures and regulatory requirements for mine closure planning. Element 2
entailed upfront and progressive engagement with industry stakeholders and steering group members with the
objective of capturing their discussions, inputs and feedback relevant to identifying the root problems with mine
closure planning. The third element formed the concluding tasks in the root problem Investigation where all the
feedback from industry consultations would be appraised based on evidence from literature and industry practice
gathered from Element 1 and Element 2. Finally, the fourth element served as a feedback-loop closing activity by
engaging with stakeholder's reaction to findings and proposed project direction, aimed at refining the outputs as
well as attaining getting buy-in. The research project was approved by the CSIRO Human Research Ethics
Committee (ethics clearance 154/21).

1.5 Structure of Report
The core of this report was prepared in such a way that it may be published as a journal article.

10
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2. Research Approach and Methods
Due to the complexity of challenges and scenarios frequently associated with the end of mine life, supply chain
linkages, and the engagement of various stakeholders across a constantly expanding mine life, the ultimate work
of mine closure is considered as "complex" and "unwieldy." (Vivoda, Kemp, and Owen, 2019; Watson and Olalde,
2019). The use of a Complex Adaptive System (CAS) approach to MCP is a vital piece of study work in order to
establish where the major challenges are from a holistic standpoint. A robust hybrid CAS systems approach is thus
proposed and used to investigate the issues that need to be addressed in the closure planning.
The rationale for employing the hybrid approach is that each complex system view (standalone) of MCP does not
adequately address the fundamental challenges of mine closure from the perspectives of value & liability,
accountability & responsibility, and uncertainty & time lapse. Figure 1 shows the framework used in this research.
A supply chain CAS framework is depicted in the upper half of Figure 1 using elements of SIPOC (Source, Inputs,
Process, Outputs, and Customers), a widely used 6-SIGMA business improvement tool (Gueorguiev, 2018; Mishra
and Kumar Sharma, 2014). The second CAS framework, depicted in the lower part of Figure 1, is used to look at
MCP concerns through the lens of a communication system among key stakeholders, with a focus on how the
interaction surrounding mine closure planning works.

Figure 1: Hybrid CAS Framework for exploring Mine closure Planning issues

These two frameworks are utilised to breakdown the MCP process into its sub-components while maintaining the
complexity of interconnections between them. As shown in Figure 1, the source and communication channel
components may contain sub-elements that are not visible at first look but have an impact on the system and may
result in a different output signal.
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2.1 Complex (adaptive) systems view of mining
Complex adaptive systems have been used to look at several parts of the mining value chain (Choi, Dooley, and
Rungtusanatham, 2001; Komljenovic, Abdul-Nour, and Popovic, 2015; Pathak, Day, Nair, Sawaya, and Kristal,
2007). Complex adaptive systems are open systems with a number of elements (which can be basic) that interact
nonlinearly and have multiple direct and indirect feedback loops. (Choi et al., 2001; Komljenovic et al., 2015).
These interactions are often dynamic and spread throughout the system, causing it to operate at conditions that
are far from equilibrium. The memory in complex systems is considered to be dispersed across the system rather
than in a single location. (Choi et al., 2001; Pathak et al., 2007). As a result, the system's history is so fundamental
to its behaviour that the overall system behaviour cannot be predicted from an assessment of its components.
Figure 2 shows the complexity of internal and external stakeholders involved in the MCP process. When MCP is
discussed, it is normally the internal process interactions that are described, with indirect environmental
influences being disregarded or difficult to articulate.

Figure 2: Complexity of internal and external stakeholder involved in MCP process

As previously stated, the first CAS framework examines MCP from a supply chain perspective using the SIPOC
framework or tool (a matrix of source, inputs, process, outputs, and customer (Gueorguiev, 2018). SIPOC is a
customer-centric system tool that is used in connection with Motorola's Sigma Six quality improvement technique,
which was first presented in the mid-1980s (Gueorguiev, 2018; Marques and Requeijo, 2009). The MCP task can
thus be considered as a complicated business and operational planning process involving several stakeholders at
various levels using the SIPOC framework (and with very divergent expectations in some cases). Some of these
multi-agent stakeholders may be suppliers, while others may be customers of the same MCP endeavour, implying
that the SIPOC as a business process improvement tool provides a value-added multi-disciplinary strategy for
business continuity.
12
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While the SIPOC framework is excellent for dissecting and clarifying the elements of any end-to-end activity (at
least for process mapping), its simplified overview application is a weakness, especially given the lack of specifics
in step-by-step information. It does not, for example, address concerns such as communication, relationships,
accountability, and responsibility, as outlined by (Klumbyte et al., 2020), who used the SIPOC model to identify
potential weaknesses in managing sustainable issues for the European social housing industry. To address these
concerns, a second CAS point of view examines closure planning process from the perspective of a communication
system. Understanding the full extent of the MCP issues and, ultimately, how these may be resolved, requires
recognising the fact that different channel noise may limit or potentially cause disconnects, obstacles, or
bottlenecks for effective communication.
The objectives of this study are to investigate the key MCP issues in conjunction with four problem statements to
gain a better understanding of the landscape of MCP activities and the key factors that influence the achievement
or lack thereof of closure planning intent. To drive the investigation, these four problem statements are further
split into fifteen research questions. Table 1 lists the four problem statements and corresponding 15 research
question(s) that this study answers. A close examination of Table 1 reveals that the 15 research topics together
cover not just the SIPOC framework but also the communication framework interactions presented earlier
sections of this paper. These study questions are intended to look into the disconnect between the many
stakeholders involved in MCP and their feedback loops. Additional follow-up research questions were produced
when needed to clarify the major research issues, however they are not included in Table 1. The 15 research
questions were given as a benchmarked strategy to interviewing industry experts, which is detailed in the later
sections of this paper.
Table 1: Summary of cost-sourcing for mining equipment fleets presented in this analysis

Problem Statement

[A] There appears to be a disconnect
in Mine Closure Planning (MCP) that
inhibits successful transition to
indispensable post-mining
economies.
[B] While there is a general notion of
desirable post-mining futures, there
are significant differences in the
perceptions and expectations of key
stakeholders.
[C] There is a general agreement
among mine closure professionals
that closure planning is not
adequately integrated while mining
progresses.
[D] There appears to be a mismatch
as to the extent to which closure
plans are living documents between
industry and regulators.

Relevant Research Questions
1)
2)
3)

What are the disconnections between MCP and post-mining outcomes?
How does the disconnection in (1) inhibit successful transitions?
What does a better post-mining transition look like?

4)

What are the key causes of these differences, and to what extent are the
problem (s) arising from the following?
a) Rehabilitative vs. Restorative
b) Closure vs. Transition
c) Regulatory vs. Economic
d) Social License to operate vs. Risk-free liability
5) Are valuation and cost modelling for closure, integrated in mine planning?
6) Do they influence mine planning decisions?
7) Are ore traceability and waste traceability integrated?
8) Are changes in technology and innovation integrated with closure
planning?
9) How are closure plans used internally between industry and governments?
10) To what extent is the mismatch of the closure plan change-tracking to their
drivers?
11) How well aligned (fit for purpose) are the closure plans to
industry/regulators use?

13

Final Report Project 2.2| Exploring the Issues in Mine Closure Planning

3. Review of Relevant Industry Literature
Despite being a well-developed profession within the resources industry, Mine Closure Planning (MCP) is likely
challenged by two contradictory goals: maximising the value of the mineral reserve resource while minimising
post-closure societal consequences, risk, and responsibility (Heymann, 2020; Jones, 2011; McCullough, 2016). This
is particularly difficult when planning for mines with a long mine life. The advantages of planned early-stage mine
closure over unplanned mine closure have been clearly demonstrated. (Flores, Smith, Getahun, and Pérez, 2008;
Mackenzie, Lacy, and Koontz, 2006; Nehring and Cheng, 2016). According to research, approximately 70% of mines
in Australia have closed unexpectedly and without warning in the last 25 years. Unplanned scope changes and
consequent expenditures that were not originally planned for resulted in 40 to 60 percent hikes in closure costs
in some instances. (Bentel, 2009; Heymann, 2020). As a result, it is possible that mining corporations that have
not effectively planned and prepared for mine closure will be unable to abandon their project leases due to closure
planning process flaws once operations are over.
A comprehensive literature review indicates a disconnect between plans and their execution till the end of life of
mining operations (Heymann, 2020; McCullough, 2016). While MCP is one of the most difficult issues in terms of
long-term sustainability and successful post-mining land transitions, there are a variety of reasons for mine
closure, the most common of which are stakeholder demands, business responses to ESG requirements, and the
financial provision relative regulations. (Jones, 2011), and sometimes community opposition (Laurence, 2006).
These activities are frequently directed at decreasing potential hazards such as environmental, safety, and health
concerns, as well as technical, community, and social risks (Haymont, 2012). Of these risks, the most common
closure risks identified are poor water management for waste and stockpiles (during sedimentation, effluent,
drainage, acid mine drainage, and salinity), dust (from tailings, rehabilitated area) and gases produced (GHG
emsisions-CO2 and SO2), land systems (which includes aesthetic values, infrastructure, soil erosion, flora and
fauna re-establishment, voids, subsidence and exploration), waste (dumps and their reshaping, dump topography
and stability, tailings, other hazardous material), heritage and resources (when exhausted) which need to be
addresses in the MCP.
It is very common to underestimate the cost implications of mine closure during the mine development phases.
Using a net present value (NPV) decision criteria discounts this total cost to a level where it is nominal compared
to the economic and social benefit's that are expected from the mine across its life. (Nehring and Cheng, 2016).
Most of the cost is spent in the final years of the mine life before the decommissioning stage to achieve the
expectations which may result in cost imbalance (Nehring and Cheng, 2016). Considering the potential influence
of mine closure, the ultimate mining extents, production schedules, life of mine and the ultimately profitability of
a mining operation, the observations that MCP is only considered after regular mine planning has been completed
(Nehring and Cheng, 2016) presents a huge challenge from the onset. Furthermore, with up to 70% of Australian
mine sites (until 2005) closing prematurely (Laurence, 2006), it has been highlighted that the cost related with
unplanned closure could increase as much as five times that of planned closure costs (Dowd and Slight, 2006; S.
Finucane and Pershke, 2009).
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Proper MCP, on the other hand, is not only an issue of environmental management and sustainability, but also a
strategic decision that requires input from all stakeholders across departments and functional groups, regulatory
bodies, and community members, and the end result must support current and future land use needs (SA and
Weglowa, 2004). Unrealistic rehabilitation targets clearly impede mine closure and relinquishment, particularly
when earlier land use options are no longer viable and there is no clear direction on defining quantifiable closure
criteria for alternative land use options (McCullough, 2016), resulting in a regression to the status quo in noncommittal to the intangible.
The immediate social, community and wildlife impacts, as well those for the longer term are erosion and
contamination. Diligent attention to regular planning, assessment and stakeholder consultation at earlier closure
planning stages can mitigate the potential risks of closure and result in better outcomes with reduced mine closure
costs at the end of life of mine (McCullough, 2016). Mining operations generally have long operating lives, and
closure planning must be carried out to a sufficient level of detail to provide a reasonable level of accuracy in the
assessment of the costs of rehabilitation and closure (Bentel, 2009; Kunanayagam, 2006). The literature suggests
that while a mine may present a very elaborate media-friendly picture of what the area may look like post-mining,
its legal commitment to mine closure is often limited to the original state of the land prior to mining inception.
For many remote Australian mining jurisdictions, this could be vast amounts of pastoral land for which closure
planning may stop short of just land cover with “care and maintenance” in perpetuity (Pierce and Wen, 2006).
A supply chain CAS framework is depicted in the upper half of Figure 1 using elements of SIPOC (Source, Inputs,
Process, Outputs, and Customers), a widely used 6-SIGMA business improvement tool (Gueorguiev, 2018; Mishra
and Kumar Sharma, 2014). The second CAS framework, depicted in the lower part of Figure 1, is used to look at
MCP concerns through the lens of a communication system among key stakeholders, with a focus on how the
interaction surrounding mine closure planning works. These two frameworks are utilised to breakdown the MCP
process into its sub-components while maintaining the complexity of interconnections between them. As shown
in Figure 1, the source and communication channel components may contain sub-elements that are not visible at
first look but have an impact on the system and may result in a different output signal.
The immediate social, community and wildlife impacts, as well those for the longer term are erosion and
contamination. Diligent attention to regular planning, assessment and stakeholder consultation at earlier closure
planning stages can mitigate the potential risks of closure and result in better outcomes with reduced mine closure
costs at the end of life of mine (McCullough, 2016). Mining operations generally have long operating lives, and
closure planning must be carried out to a sufficient level of detail to provide a reasonable level of accuracy in the
assessment of the costs of rehabilitation and closure (Bentel, 2009; Kunanayagam, 2006). The literature suggests
that while a mine may present a very elaborate media-friendly picture of what the area may look like post-mining,
its legal commitment to mine closure is often limited to the original state of the land prior to mining inception.
For many remote Australian mining jurisdictions, this could be vast amounts of pastoral land for which closure
planning may stop short of just land cover with “care and maintenance” in perpetuity (Pierce and Wen, 2006).

3.1 One-Size-Fits-All Notion of Mine Closure Planning
This study finds through a comprehensive literature review the notion suggesting a one-size-fits-all approach –
there is little mention of different approaches for MCP and their associated constraints. Clearly there could be as
many different approaches as there are different mining methods. These different mining methods are often
associated different commodities, number of products of interest as well as the stage of the mine (brownfield or
15
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greenfield). Figure 3 shows a classification of MCP approaches based on mine lifecycle, mining method,
commodity mined, and feasibility levels.

Figure 3: Classification of Mine closure planning approaches based on various criteria

Because of the level of uncertainty that exists in the early stages of a mine's lifecycle in terms of the deposit, future
technological changes, potential reshaping of socioeconomic, geopolitical, and other factors, these may not be
factored into the initial mine closure plan that allows a mine to begin operations. For example, a mine may begin
as a single metallic product mine, but after a few years, when the deposit is better understood or new
treatment/recovery procedures (or technologies) have become available, it may become a polymetallic product
mine. There could also be deposit areas that have been entirely depleted in the same mine as well as areas with
ongoing greenfield activities. As a result, a mine closure plan chosen in the initial stages may not apply to the type
of exploitation that may prevail in the mine's later stages. Similarly, the mine's socio-economic impact may
change, requiring a change in the MCP.

3.2 Stakeholders involves in Mine Closure Planning [S]
Based on the results of the desktop research and survey, it was determined that some industrial and regulatory
stakeholders are directly or indirectly involved in the mine closure planning process. Figure 4 shows a sub-grouping
of stakeholder groups involved in MCP. Stakeholders have traditionally included the mining corporation, mine
regulators, communities, policy makers, and legislators. The interaction of the sub-elements (shown in callout
boxes) of the key stakeholder groups has a considerable impact on the quality of involvement and MCP results.
Even more crucially, during discussions, the views of stakeholders who are opposed to the mine operation
(typically in the minority) are simply disregarded or not considered. These minority stakeholder groups may
naturally gravitate to special interest groups (SIGs), which can leverage the efforts of activists, lobby groups, and
news organisations to spread their message, with stakeholder awareness being a crucial factor in determining
stakeholder demographics (Svobodova, Yellishetty, and Vojar, 2019). Additionally, Communities, who are one of
16
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the primary stakeholders and direct beneficiaries of post-mining outcomes, are either unaware of legislation or
are indifferent about a mine-life that spreads over decades that many do not bother contesting closure-related
issues.

Figure 4: Sub-groupings of stakeholder groups Stakeholders’ involvement in the MCP

Based on the literature review, there appears to be a disconnect in stakeholder participation, or the participation
is insufficient, as closure planning occurs at the conclusion of the mining life cycle, rather than planning for closure
at an earlier stage. While lead state environmental experts at the regulator level have oversight of mine closure
plans, external mining consultants are sometimes brought in to examine the dangers of mine closure plans or the
progressive rehabilitation process – highlighting a knowledge gap in the regulator’s ability to effectively assess,
analyse and sign-off on novel alternative land-uses. Similarly, while closure planning and land reformation law
exists, regulator audits are not fully compliant with these requirements.

3.3 Key inputs for Mine Closure Planning [I]
Mine Closure Planning necessitates the development of clearly defined success criteria, as well as participation,
input, and agreement from key stakeholders (ICMM, 2019). According to (ICMM, 2019), (Fleury and Parsons, 2006)
and (C. D. Grant and Lacy, 2016), some common inputs for MCP include:
a. internal resources such as company policies, guidelines, resourcing, timing, site constraints,
physical, technical, and environmental processes; and
b. external resources such as socioeconomic and contextual impact reports, international guidelines,
and regulatory requirements (Stakeholder feedback, community vision, public pressure, and risk
assessments, among other things).
17
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All stakeholder groups should be able to provide input throughout the engagement process for building the mine
closure plan, but the cost and time involved in engaging every individual and group with an interest in the mine
closure plan is prohibitive.

3.4 The Process of Mine Closure Planning [P]
Various industry peak agencies, tasks forces (APEC, 2018), global international bodies like the world bank (World
Bank, 2021) and industry round table groups (ICMM, 2019), as well as large mining companies (American, 2019;
Grant and Lacy, 2016; Grant, Tyler, and Hill, 2018) have advanced various toolkits, toolboxes, checklists, and
approaches to address the various needs of mine closure plan development. According to the literature, there are
three primary stages to the MCP process.
Stage 1: Pre-mine closure planning (Conceptual phase)
Stage 2: Progressive mine closure (Progressive rehabilitation)
Stage 3: Decommissioning and post-mining engagement (Final execution phase)
At each stage of the MCP process, risk assessment, monitoring, control, and stakeholder engagement are carried
out with focus on different levels and granularity for the outputs. The MCP's financial forecast is included in the
initial blueprints, which are modified as mining advances. Figure 5 shows the mine closure planning process being
undertaken along with the strategic mine planning process. As depicted, the first stage entails the drafting of
closure plans, which are then examined by state regulators and approved if they meet the requirements of
regulations and government legislation. According to the mine conditions and the technologies employed, risk
assessment and evaluation will be required at all stages. An anticipated mine closure plan is submitted in line with
the regulatory requirements and many things are likely to be changed over the life of mine. The mine operators
need to submit their updated plans at regular intervals, in some cases, every 3 years.

Figure 5: Mine closure planning process along with the strategic mine planning.

Stage 2 entails progressive rehabilitation, which is the most essential and relatively complex stage for mining
operators because closure concerns are imminent and closure plans are expected to change as mining activities
proceed. After a specified amount of time has passed, the MCP team must revise the plans and re-submit them
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to the state authorities. Progressive rehabilitation highlights new challenges and reporting to the state authorities
with remediation plans is mandatory. Regulators respond after thoroughly evaluating the amended plans inhouse, or by enlisting the help of a third-party expert. The regulators also deal with concerns like early mine
closure, change of ownership/lease, and suspended work, and if necessary, the cases are taken to court at this
stage.
Near the time of mine closure, Stage 3 includes decommissioning phases, land reformation, or relinquishment.
The final report for decommissioning is submitted for evaluation, and the regulators analyse the land-reformation
(ensuring geotechnical and geochemical stability) commitments made by the mining corporation at the outset to
assure a long-term post-mining outcome. The land is subsequently taken over by the government for the benefit
of the community in large. Thousands of mines have been abandoned throughout the history due to a lack of
legislation and regulation for mine closure, poor closure planning, or the lack of a consistent land-reformation
procedure. Post mining engagement normally is a transition of land to pastureland (in most cases) but there is a
need to explore more post-mining outcomes in terms of value-generated transition of land reformation.
3.4.1

Integration of mine closure planning process [P]

Integrated mine closure is a set of iterative and disciplined activities that emphasises the dynamic
interconnections between social, economic, regulatory, and risk management components of mine development
throughout its lifecycle (Brock, Weeks, and Heyes, 2019; Fleury and Parsons, 2006; Garcia, 2010). The goal of this
"integration" is to provide a smoother social transition for those affected by the mine's passage from exploration,
through exploitation to closure (ICMM, 2019). Requirements from stakeholders, planning systems, and budgetary
concerns are recognised as three important aspects for integration (Grant and Lacy, 2016). In most cases, these
three pieces would encompass critical aspects of technology, processes, and resources (Sonia Finucane, 2008;
Fleury and Parsons, 2006; Getty and Morrison-Saunders, 2020; Grant and Lacy, 2016; Worden, 2020). Even within
a single mining organisation, a survey of globally distributed mining operations revealed a wide range of maturity
in an integrated MCP (Grant and Lacy, 2016) - indicating a lack of uniformity in MCP approaches.
3.4.2

Key outputs of mine closure planning [O]

While much of the discussion around MCP revolves around the idea of a single document that is progressively
reviewed, updated, and presented to a regulatory agency for sign-off or approval, the literature suggests that a
variety of distinct outputs are generated for different customers or end-users throughout a mine's lifecycle. Some
of these outcomes demand for increased participation from some stakeholders, while others get organically
reduced participation, involvement, and contributions from the same or even other categories of stakeholders.
For example, over a 50-year mine life, expectations for these outputs may vary dramatically due to variations in
generational interest, acceptability, and level of beneficiation from a mine as a result of changing societal
demographic features including age, education, knowledge, gender, and racial concerns (Svobodova et al., 2019).
The business drivers and objectives at various times of the mine's existence add to the problem. For example,
during the pre-mining and early stages of the mine life, when effort is put into defining and proving the feasibility
of the mining enterprise, the engagement is usually centred on achieving the pass to profitability (typically
referred to as the Licence to Operate).
As mining nears the end of its life cycle, the gravity or enormity of mine closure liability (cost, extent of damage,
and potential market fluctuations) becomes more apparent, giving rise to a strong desire to transfer the liability
to a new owner (often junior miners with limited capacity to deal with the closure liability at hand), with some
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“selling the cheese for the price of chalk” Chatterjee” (2013). In most cases this occurs near the conclusion of
active mining operations, or when there is a large stockpile of low-grade ore that may be profitably recovered
with modest overheads. All of this would be taking place against the backdrop of a shifting geopolitical landscape,
a socially evolving culture, and a pro-industry regulatory climate that does not effectively empower the regulator
to intervene if the MCP proponent abandons their closure obligations. Table 2 provides some recent examples of
discharged mine closure liability.
Table 2: Examples of discharge of mine closure liability (Vivoda, Kemp and Owen, 2019).

Company
Sumitomo
Corporation

Anglo American

Liability Discharge action
Sold its 50% stake in Isaac Plains coal mine Qld’s Bowen Basin to Stanwell Coal for A$1
December 2015: Sold its Dartbrook coal mine in Qld, which had been in care and
maintenance since 2007, for $25 million to Australian Pacific Coal, a small company
with an ASX market value of A$13 million. The company became bankrupt, and
closure liabilities transferred to the state.
February 2016: Anglo American sold its Drayton and Drayton South mines in NSW avoiding A$275 million in rehabilitation and closure costs

While the level of mining knowledge is considered to impact the approval of mining activities undertaken in mining
areas, this factor has been overlooked (Svobodova et al., 2019) in many social engagements. Svobodova et al.
(2019) based their argument on the fact that mining knowledge differs depending on socio-demographic variables,
prior mining experience, and sources of mining information. Moreover, an increasing community's level of
knowledge has a favourable impact on the overall acceptability of development plans and decisions in its area
(Getty and Morrison-Saunders, 2020; Monosky and Keeling, 2021; Svobodova et al., 2019). Figure 6 illustrates the
complex interaction of MCP outputs at various stages of the mine lifecycle.
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Figure 6: Mine closure planning output through different phases of mine lifecycle

Based on these perspectives, it is likely that insufficient levels of internal and external resource interactions could
have a major impact on the quality and inclusivity of inputs from key stakeholders affected by mine closure results.
Another finding from the literature and practice is that different stakeholder interactions influence the type of
MCP output produced at different stages of the mine life. According to the literature review, regulatory pressure
varies from early life to post mine, with the latter receiving increased scrutiny as the process approaches final
relinquishment permission or sign-off, at which point the mine closure outcomes would have been realised.
Regulatory authorities face a difficult task at this stage of intense scrutiny since the full impact of mining activities
is more visible for the community to witness - often a new generation that may be impacted quite differently due
to a different set of values.
3.4.3

Key Customers (custodians and end-users) of Mine Closure Planning [C]

The local government and communities are the primary beneficiaries of mine closures, and it is becoming
increasingly important for mining companies to build relationships with them. Mine closure should engage
stakeholders as early as feasible in the mine life cycle and continue this engagement throughout the mining
operation. Early stakeholder participation in MCP increases the success of social investment programmes, with
planning continuing throughout the operations phase leaving a long-term legacy (Everingham, Svobodova,
Mackenzie, and Witt, 2020). The possible community participants, perceived advantages and beneficiaries of mine
closure plans are depicted in Figure 7. The participation of community organisations and their engagements in
MCP can be quantified in terms of the number of social media posts or attendees at events, but in the real world,
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it is the end-users' perspectives on their involvement in the MCP process throughout the mining life cycle that
matters.

Figure 7: Key beneficiaries (custodians and end-users) of closure
Adapted: Everingham, Svobodova, Mackenzie, and Witt (2020).

3.4.4

Proposed Integrated Mine Transition Framework for Mine closure planning.

Based on the literature reviewed, a new framework is developed that reflects a thorough integration of the MCP
process at three stages of mine closure planning: early-stage, mid-late-stage, and post-mine-life. The major parts
of strategic mine planning, mining operation activities, and risk management that are carried out over the mine's
life are addressed in this Integrated Mine Transition Framework (IMTF) for MCP. The framework provides insight
into essential closure processes, such as pre-closure planning, gradual rehabilitation, monitoring, and control of
closure practises, all while adhering to rigorous risk assessment methodologies to ensure intended long-term postclosure outcomes. This framework demonstrates how closure planning and strategic decision-making can be
coupled at various stages of mining throughout the mine's life cycle. Figure 8 depicts the suggested integrated
framework for MCP. The section describes a number of gap-closing features of the IMTF which is still in early
development. Further research in the subject area will explore various practical aspects of implementing the IMTF.
The framework requires a comprehensive risk assessment and evaluation of the linked and possible risks, such as
land disturbances, over the mine's life cycle. The information flow in the form of revised closure plan reports must
be submitted on a regular basis for regulators and community stakeholders to examine. The knowledge gained
and shared at various stages of rehabilitation builds confidence among stakeholders, resulting in a successful mine
closure and beneficial post-mining results, with the most important lessons learned can be compared for future
reference. It has been suggested that some regulators need an updated MCP every three years of mine's life
(McCullough, 2016). However, there is no clear indication of how authorities will react to the revised plans. The
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framework was created using a risk management methodology with full participation from internal and external
stakeholders, and it ensures that closure planning is integrated into strategic mine planning.
Even at the conceptual stage of the framework, this can assist in identifying the primary cost drivers for MCP. The
three stages of the Integrated Mine Transition Framework (IMTF) are:
a. pre-mine closure planning (conceptual phase),
b. progressive mine closure (progressive rehabilitation), and
c. decommissioning and post-mining engagement.
Stage 1 includes the development of mine closure plans that are consistent with strategic mine plans throughout
the mine's life cycle and are implemented in accordance with the mining operation's progress, subject to state
regulatory approval. The IMTF takes a top-to-bottom strategy, demonstrating regulatory authorities' involvement,
including internal and external stakeholders, from the outset and continuing throughout the mine's life cycle. The
risk assessment, which is provided as the second element of the IMTF, is a continuous process whose relevance is
highlighted throughout the pre-mine closure and progressive rehabilitation phases, when mining operators
submit new or revised plans. The financial planning, cost analysis, or security bond that is signed off between
regulators and mining operators remains valid throughout the mine's existence, thus they are presented as the
third element in the framework, scaled according to their level of engagement. The framework's left walls depict
strategic mine planning, while the right walls depict MCP procedures, which are split into three phases: preclosure, progressive rehabilitation, and post-mining engagement. The collection of actions indicated in the
framework during pre-mine closure shows that resource planning and risk evaluation of closure plans submitted
to regulators are done in accordance with state regulations and legislation. The state authorities must approve
these evaluation reports and plans before they can be implemented. Ideally, the closure plans will be validated
using the knowledge base created for similar mines, which will be updated with the newly filed and authorised
plans. This information base aids in the updating of plans as well as the evaluation of risk associated with the
plans. Mining activities are only carried out once a thorough risk assessment has been carried out against the filed
plans.
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Figure 8: Integrated Mine Transition Framework (IMTF) for Mine closure planning
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Stage 2 involves the progressive rehabilitation process in MCP. After the regulators have accepted the final risk
assessment and the MCP documents have been filed according to the authorities' demands, the second step of
the framework (progressive rehabilitation) begins. During this phase, the MCP should be aligned with or work in
conjunction with existing mine plans and mining activities. The mining life cycle is linked to progressive
rehabilitation, which is measured using performance metrics established by authorities. The IMTF is developed
with an integrated approach and the processes for mine closure are shown in line with the strategic mine planning
stages. Closure planning is not only a set of independent processes but works in parallel to the mining operations.
The internal right walls of the framework show environmental impact assessment (EIA) and operational impact
assessment (OIA) which are the key components of the framework. The EIA must have been completed and
reported from the beginning of the MCP process to the end, and will be evaluated for post-mining outcomes;
whereas the OIA is typically completed from the beginning of the MCP process to the end of the mining operations
where progressive rehabilitation becomes effective.
The progressive rehabilitation shown in the framework aligned with the mining operations covers all the activities
where there would be challenges and where MCP processes are likely to be changed, assessed by regulators, and
approved/disapproved with significant recommendations and updates. The main activities identified in
progressive rehabilitation are AMD management, waste dump/stockpiles management, water management,
tailings treatment/TSF decommissioning, assets management, revegetation and soil erosion planning and
management, and decommissioning of assets. These activities vary with the variations of the mining methods in
place. The regulatory procedure needs to be followed for decommissioning of the mine and its assets. The audit,
monitoring, and reporting on progressive rehabilitation processes continues during the mining operations as
shown in Figure 8.
Stage 3 of the IMTF comprises the mining lease relinquishment process aligned with the planned closure of the
mine and the formal sign-off with regulatory bodies as presented in Figure 8. The completion requirements are
the standards that must be met to achieve complete rehabilitation and closure. The last stage focuses on mine
closure relinquishment, post-mining engagement, a regulator-led mine closure audit, and formal signoff in
compliance with regulatory bodies' protocols. The sign-off process is difficult in the case the lease is extended or
when the change of ownership of the mine lease has taken place over the life mine. Normally, the regulatory
bodies sign an initial security bond to ensure the planned land reformation and the sustainable post-mining
outcomes are met, which can benefit the community at large and these outcomes are reflected in the green
bottom part in the IMTF as sustainable benefits to the community (Figure 8). Further investigations will explain
IMTF and end-user toolkits in greater depth as part of the present research.
3.4.5

Regulator Provisions for Mine Closure Planning in Australia

As already stated in this paper, the development of a mine closure plan entails several levels of involvement
among many stakeholders at various stages of the mine life cycle. According to the literature review, stakeholder
involvement at any step of the MCP process has a significant impact on how the mine closure plan is implemented
(Fleury and Parsons, 2006; Rosa et al., 2018). The regulatory environment in which these numerous parties
interact also has an impact. The literature review revealed a wide range of regulatory frameworks for addressing
stakeholder expectations, processes, and inputs. Regardless of these regulatory framework differences, most
state authorities have established specific compliance criteria for mine closure plans.
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A regulatory review of mine closure planning's social dimensions suggests an imbalanced emphasis on ‘enabling'
and ‘restrictive' regulatory elements, with an overemphasis on enabling requirements in the earliest stages, and
a low emphasis on restrictive regulations, especially towards the end of the mine life (Martin and McKenna, 2018;
Vivoda, Kemp and Owen, 2019). The literature also supports the idea that the social dimensions of closure are
undervalued in terms of their complexity and relevance in comparison to environmental, economic, and
technological considerations (Stacey et al., 2010; Vivoda, Kemp, and Owen, 2019). Poor stakeholder relationships,
a lack of understanding of the diversity and differences within and among stakeholders, the absence of clearly
defined, agreed-upon, and mandated closure goals, and a lack of understanding that in practice economic
diversification takes time, are all named as contributing factors (Stacey et al., 2010).

Figure 9: Operating (left) and Abandoned (right) mines in Australia
Adapted: Google, 2021; Vivoda, Kemp, and Owen (2019)

While Australia is the major jurisdiction for this study with almost 60,000 abandoned mines nationwide (Martin
and McKenna, 2018), learnings and insights from other global mining jurisdictions are used to offer a well-rounded
view of the key mine design concerns. It is suggested that 85 percent of Australia's operational mines are spread
across three states: New South Wales (NSW), Queensland (Qld), and Western Australia (WA), with a total of 155
mines expected to close between 2019 and 2030 (Vivoda, Kemp and Owen, 2019).
According to a survey of the literature, the regulatory systems in the three states outnumber those in the
remaining Australian states. The literature reveals a broad but insufficient coverage in NSW and Qld legislation,
with optional advice and explanatory materials (Vivoda, Kemp, and Owen, 2019). Figure 9 illustrates operational
(left) and abandoned (right) mines in Australia, whilst Table 3 lists publicly available regulatory and legislative
measures throughout the country.
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Table 3: Publicly accessible regulatory and legislative provisions across Australia
Document

Year

Type

Social Impact Assessment Guideline
Rehabilitation Cost Estimate Guidelines
Mining Regulation
Mine Application Guideline
Guidelines for the Economic Assessment of Mining and Coal Seam Gas Proposals

2017
2017
2016
2015
2015

Guideline
Guideline
Regulation
Guideline
Guideline

Mining Operations Plan (MOP) Guidelines
State Environmental Planning Policy (State and Regional Development)
Environmental Planning and Assessment Regulation

2013
2011
2000

Guideline
Policy
Regulation

2019
2019
2018

Regulation
Paper (FSFRP)
Act

Social Impact Assessment Guideline
Strong and Sustainable Resource Communities Act
Financial Assurance under the Environmental Protection Act 1994 Guideline
Environmental Impact Statement Process for Resource Projects Guideline
Preparing an Environmental Impact Statement: Guideline for Proponents
Rehabilitation Requirements for Mining Resource Activities Guideline
Triggers for EIS under the Environmental Protection Act 1994 for Mining and Petroleum Activities
Mineral Resources Regulation
Environmental Protection Regulation

2018
2017
2016
2015
2015
2014
2014
2013
2008

Guideline
Act
Guideline
Guideline
Guideline
Guideline
Guideline
Regulation
Regulation

Aboriginal Cultural Heritage Act

2003

Act

Environmental Factor Guideline – Inland Waters
Environmental Factor Guideline – Landforms
Environmental Impact Assessment (Part IV Divisions 1 and 2) Procedures Manual
Guideline for Mining Proposals in Western Australia
Statement of Environmental Principles, Factors , and Objectives
Environmental Factor Guideline – Social Surroundings
Environmental Factor Guideline – Human Health
Environmental Factor Guideline – Terrestrial Environmental Quality

2018
2018
2018
2016
2016
2016
2016
2016

Guideline
Guideline
Guideline
Guideline
Guideline
Guideline
Guideline
Guideline

Guidelines for Preparing Mine Closure Plans
Mining Rehabilitation Fund Regulations

2015
2013

Guideline
Regulation

Mining Rehabilitation Fund Act
Environmental Guidance for Planning and Development

2012
2008

Act
Guideline

2020
2020
2020
2019
2018
2010

Regulation

2018
unstated
unstated
2020

Fact Sheet
Web page
Web page
Good Practices

2021
2021
2020
2020
1999
1971

Guidelines
Guidelines
Act
Guidelines
EPA Requirements
Act

NEW SOUTH WALES

QUEENSLAND
Environmental Protection (Rehabilitation Reform) Amendment Regulation 2019
Managing residual risks in Queensland
Mineral and Energy Resources (Financial Provisioning) Act

WESTERN AUSTRALIA

VICTORIA
Regulatory Practice Strategy for the Rehabilitation of Earth Resources Sites
Latrobe Valley Regional Rehabilitation Strategy (LVRSS)
Preparation of Rehabilitation Plans: Guideline for Mining and Prospecting Projects
Mineral Resources (Sustainable Development) (Mineral Industries) Regulations
Earth Resources Regulation
Mineral Resources (Sustainable Development) (Extractive Industries) Regulations
TASMANIA
Fact sheet 8: Planning for Closure
Rehabilitation Trust Fund
Water disposal effects on groundwater quality
Management of Acid and Metalliferous Drainage in Tasmania - Good Practice Guidance 2020-2025
NORTHERN TERRITORY | SOUTH AUSTRALIA
Supervising Scientist Rehabilitation Standards 2018 - Commonwealth
Land rights, access, and engagement - SA
South Australia - Mining Regulations - SA
Mining forms and guidelines - NT
Environmental Requirements for the Ranger Uranium Mine - Commonwealth
Extractive areas rehabilitation fund (EARF) – SA

Guideline
Regulation
Regulation
Regulation

Adapted: (Vivoda, Kemp and Owen, 2019)
Table 3 illustrates that the majority of regulatory and legislative provisions in Australia are associated with QLD, NSW, and WA.
This is unsurprising given that these states are home to the majority of Australia's mining operations. The response from these
state regulators during verbal interviews highlighted the practical obstacles and issues that exist.
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4. Summary Literature review
The desktop research showed that, despite having established mine closure regulations, mine closure remains a
challenge due to time constraints, with mining operations spanning decades for larger mines. For decision-making,
the knowledge shared among various stakeholders was found insufficient. There are numerous impediments and
limitations at various levels that may be impeding the anticipated closure and post-closure outcomes as shown in
Table 4. Table 4 is a thematic summary of MCP Issues Identified in the literature.
Table 4: Themes/Groupings of MCP Issues/challenges Identified

#
1
2
3
4
5
6
7
8
9
10
11

Themes/Groupings of MCP Issues/challenges Identified
Insufficient data and over-reliance on estimates: related to the lack of and quality of baseline
environmental monitoring data
Uncertainty and Insufficient of material characterization: understanding of the physical and
chemical characteristics and volumes of waste materials
Under-estimation of mine closure Cost (MCC): failure to account for the long temporal scales
that closure planning must accommodate
Cost drivers: insufficient understanding or attention is given to the cost of closure during the
development phases of a mining project
Integration#1 - Process: lack of integration of MCP and LOM activities and linkage to shortterm decision-making of the entire operational value chain.
Integration#2 – Resources: MCP fails to in fully leveraging multi-disciplinary inputs from
different functional and subject matter experts once the initial MCP is approved.
Integration#3– Technology: MCP fails to in fully leveraging the capabilities of software and
diverse streams big data and data analytics to enhance MCP.
Revolving stakeholder doors: Everchanging nature of regulatory and social engagement over
the life of a mine results in evolving needs and expectation (incl. Criteria for SLTO)
Failure to engage stakeholders ongoing. during the preliminary closure planning, and
progressively during the life of mine (plus evolving stakeholder needs)
Glove-changing ownership of Mines: Due to financial manoeuvres and interest, mines may
change hands many times – along with quality and focus of experts and skill base.
Notion that mine closure is an end of life-of-mine (EOL) activity: failing to have clear closure
objectives and approaches to identify outcomes procrastinates mine closure

Expert opinion was sought through verbal interviews and questionaries, as indicated earlier in the paper, in order
to validate the short list of significant MCP issues/challenges found during the literature review. The interviews
and questionnaires were designed to determine or clarify the extent of (a) agreement, (b) weighting, and (c)
relative ranking (score) of each of the key issues listed in Table 4 – based on the respondent's perspective (as a
function of their roles, experience, and industry exposure) in relation to MCP. Process, resources, and technology
are the three fundamental elements of integrated mine closure planning, as previously mentioned. In order to
address these independently in Table 5, the three thematic areas for integration have been distinguished.
Table 5: Summary of the Response Criteria as well as the Response Scale or indicator
Response Criteria
Agreement: To what extent the respondent agreed or disagreed that the issue was a problem
Weighting:
Relative ranking (score):

Response Scale
Low
High
1
5
1
10
1
10
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The Response Criteria, as well as the Response Scale or indication, are tabulated in Figure 5. Three (3) mine
regulators and four (4) MCP managers were interviewed in total from several mines. While this does not indicate
a one-to-one expert-to-agency rationing restriction, it should be emphasised that the project duration and scope
were a key limiting factor in the number of responses that could be obtained. Following that, Table 6 and Table
7 reflect the results of industry consultations (expert opinion interview and survey) of mine regulators and mine
operators respectively.
Table 6: Industry consultation and surveys – Mine regulator’s perspectives
#

Key closure planning Issues/challenges

1
2
3
4
5
6
7
8
9
10
11

Insufficient data and over-reliance on estimates
Uncertainty & Insufficient of material characterisation
Under-estimation of mine closure Cost (MCC)
Cost drivers
Integration# 1 - Process
Integration# 2 – Resources
Integration# 3– Technology
Revolving stakeholder doors
Failure to engage stakeholders ongoing
Glove-changing ownership of Mines
Notion that mine closure is an EOL activity

#

Key closure planning Issues/challenges

1
2
3
4
5
6
7
8
9

Insufficient data and over-reliance on estimates
Uncertainty & Insufficient of material characterisation
Under-estimation of mine closure Cost (MCC)
Cost drivers
Integration# 1 - Process
Integration# 2 – Resources
Integration# 3– Technology
Revolving stakeholder doors
Failure to engage stakeholders ongoing

10
11

Glove-changing ownership of Mines
Notion that mine closure is an EOL activity

#

Key closure planning Issues/challenges

1
2
3
4
5
6
7
8
9
10
11

Insufficient data and over-reliance on estimates
Uncertainty & Insufficient of material characterisation
Under-estimation of mine closure Cost (MCC)
Cost drivers
Integration# 1 - Process
Integration# 2 – Resources
Integration# 3– Technology
Revolving stakeholder doors
Failure to engage stakeholders ongoing
Glove-changing ownership of Mines
Notion that mine closure is an EOL activity

Relevance
(1 – 5)

Regulator 1
*Weighting
(1 – 10)

**Score
(1 – 10)

Relevance
(1 – 5)

Regulator 2
*Weighting
(1 – 10)

**Score
(1 – 10)

Relevance
(1 – 5)

Regulator 3
*Weighting
(1 – 10)

**Score
(1 – 10)
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Table 7: Industry consultation and surveys – Mine Operator’s perspectives
#

Key closure planning Issues/challenges

1
2
3
4
5
6
7
8
9
10
11

Insufficient data and over-reliance on estimates
Uncertainty & Insufficient of material characterisation
Under-estimation of mine closure Cost (MCC)
Cost drivers
Integration# 1 - Process
Integration# 2 – Resources
Integration# 3– Technology
Revolving stakeholder doors
Failure to engage stakeholders ongoing
Glove-changing ownership of Mines
Notion that mine closure is an EOL activity

#

Key closure planning Issues/challenges

1
2
3
4
5
6
7
8
9
10
11

Insufficient data and over-reliance on estimates
Uncertainty & Insufficient of material characterisation
Under-estimation of mine closure Cost (MCC)
Cost drivers
Integration# 1 - Process
Integration# 2 – Resources
Integration# 3– Technology
Revolving stakeholder doors
Failure to engage stakeholders ongoing
Glove-changing ownership of Mines
Notion that mine closure is an EOL activity

#

Key closure planning Issues/challenges

1
2
3
4
5
6
7
8
9
10
11

Insufficient data and over-reliance on estimates
Uncertainty & Insufficient of material characterisation
Under-estimation of mine closure Cost (MCC)
Cost drivers
Integration# 1 - Process
Integration# 2 – Resources
Integration# 3– Technology
Revolving stakeholder doors
Failure to engage stakeholders ongoing
Glove-changing ownership of Mines
Notion that mine closure is an EOL activity

#

Key closure planning Issues/challenges

1
2
3
4
5
6
7
8
9
10
11

Insufficient data and over-reliance on estimates
Uncertainty & Insufficient of material characterisation
Under-estimation of mine closure Cost (MCC)
Cost drivers
Integration# 1 - Process
Integration# 2 – Resources
Integration# 3– Technology
Revolving stakeholder doors
Failure to engage stakeholders ongoing
Glove-changing ownership of Mines
Notion that mine closure is an EOL activity

Relevance
(1 – 5)

Mine Operator - 1
*Weighting
(1 – 10)

**Score
(1 – 10)

Relevance
(1 – 5)

Mine Operator - 2
*Weighting
(1 – 10)

**Score
(1 – 10)

Relevance
(1 – 5)

Mine Operator - 3
*Weighting
(1 – 10)

**Score
(1 – 10)

Relevance
(1 – 5)

Mine Operator - 4
*Weighting
(1 – 10)

**Score
(1 – 10)
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5. Discussion of Survey Results
5.1.1

Mine Regulator – experts from state regulatory departments

From Table 6, issues #1, #2, #3, #4, #9, and #10 are identified as the primary issues with Mine closure plans that
need to be resolved, according to the survey results of the mine regulatory authorities. Inadequate data and an
over-reliance on estimations, uncertainty and insufficient material characterisation, under-estimation of mine
closure costs (MCC), and a lack of understanding of the major cost driver are only a few of them. The glovechanging ownership of mines, as well as a mindset that views MCP as an end-of-life activity, are also underlined.
These MCP issues, taken together, may provide a basis for the high degree of uncertainty and a lack of proactive
effort on the part of the mine operator in the early stages of the mine to engage with key stakeholders and gather
sufficient information to help produce a reliable mine closure plan. The mine regulators' responses demonstrate
a comparable level of agreement that the issues listed in Table 6 reflect the current issues impacting mine closure
planning. However, there is a major difference in how the different regulators weigh and score the identified
issues. The results in Table 6 show that the regulatory agencies did not agree that integration was a major issue,
as those issues were generally weighted and given low scores.
5.1.2

Mine Operator – MCP managers from medium-large mining companies

From Table 7, issues #5, #6, #7, and #8 are the primary issues with mine closure plans that need to be addressed,
according to the survey results of the mine operators. These include a lack of understanding of the main cost
driver, MCP Integration issues (Process, Resources, and Technology), “revolving stakeholder doors” (often
associated with changing stakeholder expectations, reshaping of demographics), and failure to engage
stakeholders on an ongoing basis throughout the mining operations' lifecycle. The results of the MCP managers'
survey strongly support what the literature says about the need to better integrate mine closure planning
procedures, resources, and technology to effectively manage the MCP outputs that are produced. Given the silobased departmentalisation of mining activities, this is undoubtedly a significant challenge. MCP, for example, is
often delegated to the environmental department, whose primary focus is on revegetation and landform cover,
whilst the strategic mine planning department undertakes the majority of the strategic costing and mine planning
work. The reality is that the latter are frequently motivated by a requirement to maximize NPV and life of mine,
whilst the former group are preoccupied with maximising social license to operate - given that they are in direct
contact with the communities.
5.1.3

Limitations of survey questionaries

As part of this study, a number of constraints were revealed. For instance, the timeframe of this research project,
scope, and funding limited the number of experts who could be engaged. While only MCP managers were involved
from the mine operator's side, the perspectives of strategic mine planners would have been highly useful in this
study. The MCP managers' reach, on the other hand, added depth to the business view of MCP concerns. Another
challenge was the inability to draw on a wide range of regulatory expertise. Furthermore, while the experts were
able to elaborate on some of the issues, their comments reflected their perspectives based on their frames of
reference, experience, and exposure to MCP activities. Finally, the study was unable to include the viewpoints of
many other key stakeholders such as mine closure consultants, community leaders, mine closure implementation
teams, and academic expertise.
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5.1.4

Industry consultations – perspectives of regulatory agencies

Aside from Table 4, the following are some expert insights gleaned from conversations with regulatory authorities
and aligned with the problem descriptions stated earlier in this article:
1. The usage of many regulatory agencies with varying mandates, focuses, and responsibilities, and whose
tasks are not as well integrated as they should be. In most states, there are two or more main departments
responsible for regulating mining activity inside their domains, typically with very different priorities in
terms of timelines, functions, and mandates.
2. Historically, the majority of these operations have centred on getting mining projects up and operating in
an environmentally acceptable manner, depending on the stage at which they were required to comply.
These operations are largely concerned with getting the project up and running for company, state, local,
and regional economies can benefit.
3. In comparison to agriculture or other types of land uses that might occur in that region, mining projects
tend to be high-intensive high-value land-uses due to their limited footprint and cluster of jobs they attract.
No other land-use option can provide the same levels of effect once mining is completed (economic, jobs,
social).
4. While the concept of post-mining transition economies is plausible, the reality is that the mining operator's
attention (legal commitment and responsibility) does not extend beyond the transfer to the state of
rehabilitated land that is as similar to its original state as possible (in Australia, typically large parcels of
pastoral lands). As a result, unless the post-mining land-use effort is properly driven and staged over
lengthy periods of time after mining stops, it will fail.
5. In mining areas where other new mining activities are likely to emerge in close proximity to those that are
nearing the end of their life cycle, there is a greater likelihood of continued impact, which leverages existing
social infrastructure to create more sustainable transitions to new economies. In such circumstances, a
defined transition plan that is staged across several mine cycles provides a way to create long-term social
impact – clearly, such a transition plan is outside the mine operator's priority.
6. Mining operations are typically transient in nature, with regulatory restrictions functioning as a catalyst
for obtaining a social licence to operate. Once the mining company's responsibility is fulfilled and the
realisation of the post-mining falls back to state government and communities, there is a limit to the longterm economic feasibility of some of the postmining land-use alternative.
7. The ESG/SLTO narratives of mining companies are typically centred on mining activity during the mine's
life cycle, which isn't always a compelling or easy story to tell otherwise. From a procurement and support
services angle, the federal and local governments are primarily focused on the immediate benefits that
would accrue from mining activity in terms of royalties, economic activities, jobs, and links into the local
and regional economy.
8. The paradigm of transitioning to a new economy is predicated or reliant on some form of economically
viable industry succession from closing mining projects, such that as one closes, another of similar land use
intensity in the same region might well take off and create a new life – be it the discovery of new resources,
extended treatment of stockpiles as a result improves recoveries and market congruity. This appears to be
the case in Pilbara region of WA, Queensland's Bowen basin, and Hunter Valley region of NSW.
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9. From the regulator's standpoint, MCP has not been properly integrated with mine planning processes in
the past. Recent modifications and requirements in QLD and WA impose a compliance duty on mining
proponents, requiring mines to have a progressive strategy that leads to desired closure outcomes, leaving
no choice to others. This new criterion includes triggers that require compliance-driven changes in response
to mining operations. The public interest elevation test, for example, is used in QLD to examine end-mine
void relinquishment and risk assessment in relation to public interest.
10. Mine regulators have historically had a poor appetite for new technologies connected to MCP regulation
and compliance management - a conservative stance or a reluctance to try out new technologies for
enhanced mine closure planning, particularly if they have not been validated. As a result, there is a tension
between the industry's desire to go high-tech on MCP and the desire of end-users to adopt new
technologies.
11. Bringing in new innovation into MCP is often tough from a regulatory perspective. In response to
challenges, the introduction of a new function of Rehabilitation (RC) might provide a new channel for
identifying new innovative approaches and recommending them to the regulator – with the regulator
would be compelled to follow the RC's advice. In practice, the approval process is a very costly exercise,
and while the firm may value short-term flexibility and responsiveness, there is an incompatible
cumbersome, bureaucratic, and arduous procedure that is difficult to change once approvals have been
granted.
12. Many of Australia's mining regions are quite remote, and the effort is generally focused on getting land
back to or similar to what it was – so there isn't much opportunity to be very creative about post-mining
land use options or economies. When attempting to migrate to a stronger mineral economy, these should
be carefully considered.
13. Because so much can change over time, some corporations find it difficult to commit to end-of-life
commitments/directions because some mines have a very lengthy lifespan. Because they prefer to leave
their options open, it's harder to make a progressive effort with an annually focused progressive
rehabilitation plan which is often hinged on short team release in mining lease approved. The most
significant divergence is in identifying goals - not restricting their alternatives but also clearly articulating
goals.
14. From the perspective of the regulator, keeping the MCP basic is preferable to making it overly ambitious.
The biggest challenge for a mine that wants to implement novel post-mining prospects is finding a
stakeholder that is willing to manage it early in the mining process. There are currently a number of smallto-mid-tier mine operators who are barely scraping by on an operational level while bearing massive mine
closure legacies that they lack the capacity to manage on their own.
15. Due to their remoteness and the difficulty of locating a third party to manage such interests, there are less
options to return land to a better postmining land-use. Progressively conducting pilot projects and trials to
prove these notions in situations when certain solutions are viable.
16. The way some of the historically defunct Acts are written tends to restrain regulators from taking strict
action in favour of regulatory compliance. Traditionally, the legislation looks to favour resource
development. Companies are free to transfer their treatments, and the regulator has little power to stop
them. Although some sections of the legislation call for a penalty, there haven't been many prosecutions
in the past.
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5.1.5

Industry consultations – perspectives of MCP managers of mining companies

Based on the interviews with MCP managers, the following expert perspectives were compiled in accordance with
the problem statements stated earlier in this article:
1. Clearly, the ability of proponents and regulators to track and follow-through with outcomes is critical to
adherence to industry best practises. Early on in the MCP, the mine closure conformity is reliant on the
knowledge of several stakeholders.
2. Initial mine closure plans may include a lot of idealistic, "feel-good," speculative, and unproven closure
outcomes, with no genuine commitment to realise them — "words on paper." What is transmitted and
signed off regarding the mine's regulatory commitment differs significantly from what is written on paper.
The regional government, rather than the miners and main state authorities, is thought to be the driving
force behind such a move.
3. Due to varied focuses of the lead authorities, MCP takes a long time and entails a lot of paperwork that is
sometimes irrelevant and confusing. Unnecessary paperwork due to a lack of integration of processes
designed for closure planning. To that aim, a collaborative MCP toolkit based on an integrated knowledgebased approach is being developed.
4. The MCP development and approval process is overly rigid and lacks flexibility in terms of regulatory
integration and key stakeholder closure expectations.
5. There appears to be a conflict in taking a cautious approach to MCP acceptance once the mine operator
has submitted their “best intent” — assessment may take up to a year, and sign-off could be delayed. Due
to the thorough evaluation process for generating reports, the risk assessment signoff from regulators
causes delays in responses.
6. Clearly MCP involved decades for work for each mine and the evolving need to keep a good record of each
update over the mining life cycle is a challenge. There is no integrated solution available by regulators or
mine owners who can update their reports, find solutions to closure issues and submit reports.
7. There is a view that mine operators lack in-house skillsets, dedicated resources, and knowledge required
to assess various land-use options without enlisting the help of outside specialists. Closure planning experts
must be trained or upskilled so that they can examine diverse land use strategies without having to hire
experts or outsource their problem.
8. Significant knowledge gaps in evaluating innovative potential land-uses from a lack of knowledge base
that gives the mine operator with a clear, succinct strategy for developing a mine closure plan that
complies with regulatory standards. As a result, there is a reliance on outside expertise and a lack of
knowledge of the legal ramifications of closure decisions.
9. The effort to quantify the cost or consequences of not doing something effectively is a double-edged blade.
The long-term cost of not gradually dealing with AMD issues, for example, is difficult to quantify or
incorporate in an NPV-driven risk and cost modelling exercise for a mine with severe AMD issues.
10. The eastern and western states of Australia generally have a wider scope and exposure of relatively varied
and different levels of complexity of mine closure issues. On the other hand, the Northern, southern state
have minimal and less complex relinquishment issues to deal with – consequently these non-wing state fall
behind significantly in maturity of regulating and enforcing compliance MCP legislation.
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5.1.6

MCP Issue categorisations using Hybrid Complex Adaptive Systems Framework

Following an in-depth review of the key MCP issues identified through a comprehensive literature review, expert
advice was sought from mine regulatory agencies and mine operators through verbal interviews and surveys; and
a number of issues were highlighted in earlier sections of this paper. This article used a new hybrid CAS Framework
that incorporated aspects of SIPOC and Communication Systems to dissect where the problems with the MCP
process' workflow reside. Twenty-five major difficulties were discovered in relation to the five aspects of the SIPOC
tool, as well as the sixth element, which deals with the feedback loop between regulatory authorities and the
mine operator. The MCP Issue categorisations utilising the Hybrid Complex Adaptive Systems Framework are
shown in Figure 10. Clearly, there are some overlaps in where these issues fit within the HCAS framework's six
elements, while also issues that may not have been covered.

Figure 10: MCP Issue categorisations using proposed Hybrid CAS Framework

The sixth part, feedback loop discussion, is largely neglected whenever the subject of MCP is introduced, as shown
in Figure 10. A key gap has been highlighted as the necessity for an integrated feedback mechanism between the
mine operator and the mine regulator. It's also worth noting that, due to the dynamic nature of complexity often
associated with complex adaptive systems, issues in one component may be inextricably intertwined with issues
in other parts, particularly when it comes to multi-stakeholder interactions, which are frequent in the mining
industry. As a result, failing to recognise the MCP workflow subtleties for what they really are – a complex adaptive
system – only makes it more difficult to effectively identify and address any emergent difficulties.
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6. Conclusions and Discussion
A review of industry literature and best practises reveals a number of technical and non-technical challenges that
have contributed to the poor historical performance of MCP as a discipline, especially when compared to the huge
disparity in planning intent and unrealised benefits of these plans. Long-term post-mining regulatory
enforcement, management, and the uncertainties of social requirements for closure are among these issues, as is
the lack of integration of key stakeholders, key inputs, process, and mechanism (knowledge base) that acts as a
feedback mechanism to convert lessons learned over time to actionable improvements to prevent future
recurrence of poor mine closure outcomes. The goal of this work was to determine what the most important MCP
challenges are, with a focus on interactions between mine operators and mine regulators and little discussion of
broader interactions around the operator-regulator.
The research used two complex adaptive system views to identify the fundamental challenges and issues at the
heart of the closure planning process (plan vs actual realisation). The complexity of challenges and scenarios
frequently associated with the end of mine life, supply chain linkages, and engagement of various stakeholders
across a constantly expanding mine life are considered holistically by viewing the MCP effort as a CAS. The authors
believe that the methods used in this study adequately investigated the fundamental challenges of mine closure
in terms of value-reliability, accountability-responsibility, and uncertainty-time lag. A new Integrated Mine
Transition Framework (IMTF) for MCP was developed based on this complex system perspective, and it offers a
three-stage approach to dealing with MCP challenges. This framework was created in accordance with strategic
mine planning and mining operations carried out over the mine's life.
The IMTF offers insight into important closure processes, from pre-closure planning to progressive rehabilitation,
monitoring, and control of closure practices, all while adhering to stringent risk assessment methods to assure
desired long-term post-closure outcomes. A notable conclusion of the study is that answers differ dramatically
not only between various stakeholders, but also within the same group. These differences were clearly linked to
the industry experts' individual own frames of reference, which we elicited through questionnaires and interviews.
Because of considerable disparities in perceptions and expectations among key stakeholders, inadequate process
integration, and mismatch in the extent to which the plans are suitable for purpose, these result in a disconnect
that inhibits the transition to better post-mining economies. Regardless, the stakeholders interviewed pointed
out several major disconnects.
From the perspective of the mine regulator, the diverse regulatory focuses of the main agencies result in lengthy
processes with sometimes unconnected and complicated documentation. The lack of a consistent, clear, and
unambiguous set of legal requirements, and the lack of flexibility in relation to regulatory integration and closure
expectations of important stakeholders have all aggravated the situation. To begin with, the diverse regulatory
focuses of the main agencies result in lengthy processes with sometimes unconnected and complicated
documentation. The lack of a consistent, clear, and unambiguous set of legal requirements, and the lack of
flexibility in relation to regulatory integration and closure expectations of important stakeholders have mostly
aggravated the situation. Third, rather than ‘regulate and control’, the regulator appears to have a responsibility
to monitor (guide the operator) the process to ‘make it happen’. Finally, there appears to be a gap in the legislative
and regulatory knowledge base that inhibits regulators from drawing on lessons learned and historic event triggers
to determine which land use strategy options are viable.
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From the mine operators point of view, there are significant knowledge gaps for mine operators when it comes
to assessing (effectively and efficiently evaluating) novel alternative land uses, notwithstanding the recognition.
Historically, there have been gaps and an apparent lack of knowledge base that offer the mine operator with a
clear, concise approach to develop a mine closure plan that meets the mine regulator's requirements for approval
without the need for external experts and consultants. As a result, the mine operator's understanding of the
legislative ramifications of closure-related choices is limited. Second, once a mining firm stops making enough
profit (shareholder driven) from a mining project, the next best option is often to ‘get rid of it as quickly as possible’
- after all, they are in the business of mining for profit. When it comes to deciding on a mine closure plan that
favours a transition to an alternative mineral economy, the ultimate decision is clearly determined by profitability
rather than the long-term viability of the post-mining option. Third, quantifying the intangible, such as the
expenses of ‘what ifs’ or the consequences (lost opportunity) of not executing something effectively, is a doubleedged blade the many mining (and MCP managers) are grappling with on an ongoing basis. The long-term cost of
not gradually dealing with AMD issues, for example, is difficult to quantify or include in an NPV-driven risk and
cost modelling exercise for a mine with substantial AMD difficulties. On the other hand, factoring in the expense
of early-stage AMD management failure could rule out the mine entirely.
6.1.1

Recommendations for further research

The report's major findings clearly show that keeping a good record of each update throughout the mining life
cycle, as well as tracking changes in regulatory requirements, is a challenge. In this way, both regulatory
authorities and mine operators can prepare mine closure plans that meet the mining regulator's clearance
requirements without relying heavily on external experts and consultants. Currently, neither regulators nor mine
owners have an integrated solution to manage and effectively regulate crucial input and the process of generating
mine closure plans. Future MCP research should prioritise the development of an integrated knowledge-based
toolkit for effective control and collaborative management of MCP. Future research is needed to address key
industry outcomes such as (a) benchmarking current knowledge, processes, and tools, (b) sharing data and
knowledge from existing initiatives with partners, (c) identifying gaps, priorities, and future improvement
directions, (d) short-term modelling studies driven by end-users and regulators, and (e) collaborative
infrastructure to underpin shared management of the mine closure workflow.
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