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Abandoned mines can pose risks to the natural environment, humans and economies and prevent
multiple or sequential uses of affected land. They range in size from individual shafts to large polluting
open cut mines. Across Australia, there are over 50,000 abandoned mines on public and private land. A
coordinated, effective management response is required to remediate these sites and reduce liabilities.
We propose a novel maturity model for the evaluation of abandoned mine remediation programs and by
applying it to Australian jurisdictions, demonstrate the potential for the model to be applied globally.
The model incorporates 14 hierarchical evaluative criteria (including social, environmental and
economic factors) which are each assessed against five performance indicators. These were derived
from prior research and an Australian national policy for abandoned mines. We used the model to
compare Australian jurisdictions to a leading practice benchmark jurisdiction, British Columbia, Canada,
using web-accessible information and - in two cases - self-evaluation. The amount of publicly-available
information varied widely between jurisdictions. Most Australian jurisdictions were ranked as less
mature than the British Columbia program for most criteria. We then explain how the maturity model
can be used to implement an existing regulatory framework specifically, the Australian Strategic
Framework for Managing Abandoned Mines in the Minerals Industry, and discuss how the model can
be applied to evaluate progress and prioritise improvements to abandoned mine management programs
globally. A systematic approach to monitoring and evaluating abandoned mines programs is essential for
improved accountability and to demonstrate change in liability over time. A systematic approach will
also support shared learning and continual improvement within, and across, jurisdictions.

© 2014 Elsevier Ltd. All rights reserved.

Introduction

attribute that all sites have in common is incomplete remediation.
This can occur for a range of reasons including, but not limited to,

Abandoned mines are alternatively termed ‘derelict’, ‘orphan’,
‘former’ or ‘legacy’ mines. These terms mean slightly different things
in different jurisdictions. For example, orphan mines are those where
the owner of the mine is unknown and untraceable, in contrast to
abandoned mines which are “...mines where mining leases or titles
no longer exist, and responsibility for rehabilitation cannot be
allocated to any individual, company or organization responsible for
the original mining activities” (Ministerial Council on Mineral and
Petroleum Resources and Minerals Council of Australia (MCMPR/
MCA), 2010). As there is no individual, company or organization
responsible for managing abandoned mines, this task falls to the
government and private landholders. Regardless of terminology, an
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premature cessation of operations, inadequate regulatory require-
ments, insufficient funds set aside for remediation, or inadequate
community engagement to agree upon and meet closure expecta-
tions. While recognizing that different definitions are used for these
sites, the term ‘abandoned’ will be used in this paper to represent all
forms of mining legacies which by default have become the respon-
sibility of governments and the community.

Abandoned mines (AMs) have accumulated in many countries
globally over decades or centuries. Most originated in times when
mining environmental standards and community expectations
were much lower than at present. In Australia responsibility for
abandoned mines can be unclear, however with a few exceptions
in the Northern Territory (Department of Mines and Energy,
Northern Territory (DME NT), 2013; Fawcett, 2012; Waggitt and
Fawcett, 2008) state and territory governments have become
responsible for abandoned mines on government owned land.
Despite current freehold landholders not having mineral rights or
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Table 1

Risks and opportunities commonly associated with abandoned mines (adapted from Eden Project Post-Mining Alliance, 2008; Unger et al., 2012).

Key risk or opportunity

Common examples

Human health/Safety risk

Environmental risk
Socio-economic risk
Economic risk
Reputational risk

Beneficial opportunities

Exposure of local communities to contaminants

Open pits and shafts

Failure of tailings containment facility or other impoundments
Contaminated land and water

Biodiversity loss

Communities left without livelihoods

Liabilities to state and landholders

Litigation risk to the State

Rehabilitation cost

Loss of mining company social license to operate

Loss of confidence in governments' ability to regulate mining
Domestic waste disposal in voids

Mining heritage and geo-tourism

Secondary mining opportunities

Alternative land uses

the ability to prevent access to those minerals by third parties
approved by the State government, it was the opinion of depart-
mental staff that freehold landholders are deemed responsible for
abandoned mines on freehold land in Queensland (Queensland
Flood Commission of Inquiry, 2012).

Abandoned mines pose a challenge to governments and socie-
ties striving towards the sustainable development concept of
inter-generational equity. There is global recognition that “some
impacts [from abandoned mine sites] can be long-term and that
society is still paying the price for natural capital stocks that have
been drawn down by past generations” according to the report by
the International Institute for Environment and Development and
World Business Council for Sustainable Development (IIED/
WBCSD, 2002).

The scale of the issue is significant, both in terms of the number
of sites and estimated remediation costs, and compounded by the
complexity and potential range of impacts (Table 1). A recent
report found over 161,000 abandoned hard rock mine sites in the
US (Government Accountability Office (GAO), 2011). The United
States Environmental Protection Agency Office of Inspector Gen-
eral determined that cleanup of 63 hardrock mining sites on the
National Priorities List would cost up to $7.8 billion (Lovingood et
al.,, 2004). In Canada, a major review of contaminated lands,
including abandoned mines, estimated liabilities for abandoned
mine sites at over C$555 million for sites under federal jurisdiction
alone (Office of the Auditor General of Canada, 2002). Even in
Australia with its shorter mining history, it is estimated that there
are in excess of 50,000 abandoned mines ranging in size from
individual shafts to large polluting mines (Unger et al., 2012).
However, abandoned mines may also leave positive values such as
voids suitable for domestic waste disposal, heritage features for
tourism and secondary mining opportunities as well as new,
alternative land uses (Eden Project Post-Mining Alliance, 2008;
Unger et al., 2012) (Table 1).

Recent rapid growth in the resources sector globally, and
particularly in countries such as Mongolia and Australia (Lechner
et al., 2014; Petkova et al., 2009), has placed significant demands
on regulatory personnel responsible for the approval of new mines
and upstream petroleum industries, resulting in far less attention
being applied to environmental management of abandoned mines.
Factors contributing to this include competing priorities for
human resources and funding within government and industry,
the costs of managing legacy issues associated with abandoned
mines, jurisdictional ambiguity over responsibilities and an
absence of legislation to set the standard for their management
(Queensland Flood Commission of Inquiry, 2012). Abandoned
mine remediation planning at a jurisdiction level is challenging

because it requires a thorough understanding of abandoned mine
causes, impacts and legal contexts to develop policies. Multi-
disciplinary teams are then required to formulate technical solu-
tions embedded in a sound framework for prioritization.

The aim of this paper is to propose a model of leading practice
abandoned mine management that is integrated into an existing
regulatory process. The model draws upon leading practices globally
to aid in the implementation and improvement of abandoned mine
programs. This model is based on a graded maturity model, whereby
performance is assessed for a range of evaluative criteria such as the
quality of an abandoned mine inventory and risk assessment tools.
This method is consistent with the trend in many other sectors,
which use scales or rubrics for evaluation purposes (Davidson, 2005).
We then apply the maturity model to Australian jurisdictions, as a
case study, assessing the progress of abandoned in management for
seven states and territories. This assessment is based on a web
search, using publicly available information and self-assessments
conducted by two of the jurisdictions. We compare these results to
the contaminated sites program in British Columbia, Canada (BCCCSP,
2012), which is considered a benchmark for leading practice globally
(Unger, 2009). Using this case study, we demonstrate how a maturity
model can assist jurisdictions by indicating how advanced their
programs are along the maturity path. This information can allow
jurisdictions to identify where they are positioned now and where
they want to be in the future. Finally, we show how the maturity
model could also be used as a basis for supporting existing regulatory
processes through the development of an implementation plan for
Australian jurisdictions and industry.

Method
Background to the maturity model

Monitoring is the regular collection and analysis of information
to provide an indication of progress towards a desired end-point
or objective. Evaluation is a process that seeks to determine the
merit or worth of an object, program or policy as systematically
and objectively as possible (Owen, 2006). Monitoring and evalua-
tion are used within government and the private sector to: ensure
accountability for resource expenditure; inform strategic deci-
sions; and to improve future performance through learning from
past experiences (e.g. Department of Agriculture, 2009, Caring for
our Country, 2014). Monitoring is also a vital component of risk
management to ensure early detection of problems and to guide
preventative actions (Kusek and Rist, 2004).
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In this paper, we propose a systematic approach for monitoring
and evaluating government abandoned mine programs based on the
concept of a maturity model. Maturity models, or graded rubric scales
are used in a number of other sectors (e.g.: safety prioritization (NSW
government, 2011; Westrum, 1993); organizational development
(Esteves et al.,, 2010); and student assessment (Davidson, 2005). This
is the first time this approach has been proposed for the evaluation of
abandoned mine rehabilitation programs.

A maturity model maps a program's ‘journey’ from poorly
structured toward an integrated, systems-based approach to manage-
ment. Westrum’s (1993) maturity model identified three types of
culture: Pathological, Bureaucratic and Generative. Adaptations of this
model commonly include additional performance categories. For
example, Hudson and van der Graaf (2002) adapted Westrum’s
(1993) maturity model for safety culture by replacing the ‘Bureau-
cratic’ category with Reactive, Calculative and Proactive.

The maturity model approach highlights that effective risk
management systems involve several step changes and include
two broad elements common to evaluation rubrics (Davidson,
2005): i) evaluative criteria and ii) merit determination. Evaluative
criteria describe the aspects of performance that are the focus of
evaluation. Merit determination reflect categories used to asses
performance for each of the evaluative criteria.

Evaluative criteria and performance assessment

We identified 14 evaluative criteria to define the maturity of
jurisdictional abandoned mine programs from leading practice
programs internationally (Unger, 2009), the five chapters of the
Australian Strategic Framework for Managing Abandoned Mines in
the Minerals Industry (hereafter, the “Strategic Framework”;
MCMPR/MCA, 2010) and previous research on maturity models for
abandoned mines (Unger et al., 2014). The Strategic Framework
formed the basis of the evaluative criteria as it was developed by
the Abandoned Mines Working Group comprising abandoned mine
managers from within most state governments (not all jurisdictions
have formal abandoned mine programs) and representation from the
Minerals Council of Australia (MCA). The Strategic Framework

A

describes five components (presented as separate chapters) required
for successful management of an abandoned mine program with the
aim to encourage convergence of state and territory jurisdictions on
the following aspects: i) site inventories and data management; ii)
improved understanding of liability and risk relating to abandoned
mines; iii) improved performance reporting; iv) standardization of
processes and methodologies; and v) knowledge and skill sharing
across jurisdictions. The order of our evaluative criteria based on the
Strategic Framework is in line with the maturity approach where the
earlier criteria describe foundational elements for new abandoned
mine programs (Fig. 1).

Our maturity model consists of five categories of performance
assessment for each of the 14 evaluative criteria identified in the
previous step. These categories are an adaptation of an approach
used in the mining context by Anglo American and Joy in 2007 (in
Foster and Hoult, 2013). The categories used in our maturity model
are: vulnerable, reactive, compliant, proactive, and resilient. Indica-
tors are balanced around the central maturity indicator ‘compliant’
which means there are systems in place (Hudson, 2001 in
Commonwealth of Australia, 2008), but the organization may not
yet be focussed on continual improvement or anticipating problems
before they arise. Vulnerable and reactive programs lack the
information needed to make good decisions and prioritise aban-
doned mine sites. They also lack systematic methods for addressing
abandoned mines. ‘Resilient’ is the highest stage of program
maturity and goes beyond proactive, indicating that information is
shared across jurisdictional boundaries and global leading practices
solutions/method are sought out to improve on local benchmarks.
For the purpose of this review we used simplified indicators to aide
clarity (Table 2). Thus, in our maturity model both evaluative
criteria and performance assessment can be used as indicators of
a well-developed and mature abandoned mines program.

Reviewing and ranking jurisdictions: maturity model trial application
in Australia and international best practice representation

We reviewed all states and mainland territories of Australia
excluding the Australian Capital Territory (which comprises a
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Table 2
Jurisdictional maturity model for abandoned mine management (Adaptation of Unger et al. 2014).

Performance indicators  Vulnerable (1) Reactive (2) Compliant (3) Proactive (4) Resilient (5) Strategic
framework
chapter*

Evaluative criteria in addition to complaint... in addition to proactive...

1 Data/information No data and no Some data on some sites, An inventory exists of jurisdiction-wide Actively addressing data and Inventory data can be compared  Chapter 2:
management inventory evident; outdated inventory abandoned mines with sufficient information gaps; across jurisdictions; Data

insufficient to make decisions information to prioritise sites; Regular improvements to integrate Clear evidence of collaboration; collection
on which sites require data management system; and
management; management

2 Jurisdiction-wide No details available Some knowledge has been Knowledge base exists for whole Most of the key knowledge gaps have  Knowledge shared widely via
knowledge base of on safety, health or gathered for some sites, but  jurisdiction, gaps exist but a program is in  been addressed with high quality detailed plans, published
impacts and environment or not whole jurisdiction; place to address gaps documentation; papers, peer reviewed reports;
opportunities (health socio-economic National high risk sites and priorities
safety, environmental impacts; have been identified;
and socio-economic)

3 Site specific data for high No site specific data Site specific data for 1 to Priority sites have data collection programs Interpreted reports on priority sites Sharing of information within
risk [priority sites for individual sites; 2 sites but little if any review with evidence of third party review/ available; government and across

or interpretation; interpretation Evidence that new knowledge informs  jurisdictions;
planning; Actively engaging stakeholders
in knowledge gathering and
management;

4 Leadership, legislation, No policy or Legislation and policy for a Policy and legislation addressing AMs exist, Policy and legislation implementation =~ Wide stakeholder engagement Chapter 3:
policy and guidance to legislation to few sites but not the whole  one agency leads coordination of program; supported by toolkits, training and case ensures active involvement in AM Risk
address AMs address abandoned jurisdiction; studies which encourage innovation; management/remediation and/or Assessment

mines; post-mining land use; and
Responsibility Responsibility involves Regular performance reporting; Evidence of beneficial post- management
unclear; multiple agencies; mining land use;

5 Leadership, legislation,
policy and guidance to
prevent new AMs

6 Risk assessment and
prioritization of
programs

7 Abandoned mine
program leadership and
capacity

8 Funding - sources,
mechanisms and
resources

Existing regulation
of mines is weak or
absent on rehab
and closure;

No evidence of a
state/NT-wide risk
assessment
process;

Some regulations exist to
prevent future abandoned
mines, with little or no
enforcement;

Ad hoc risk assessment for
some sites undertaken but
not applied across whole
jurisdiction to identify high
risk features and sites;

No permanent
personnel working
on AMs;

Some permanent personnel
and/or temporary personnel
working on AMs, but role

(s) shared with regulatory or
other functions;

Base funding focused on
specific sites over short time
frames (up to 3 years);

No funding for an
AM program,;

Engagement with, and support from, key
stakeholders;

Range of legislative mechanisms applied to
prevent AMs, such as incentives, bonds,
rehabilitation/closure planning guidance
and review processes;

Jurisdiction-wide risk assessment applied
(features and whole mine risks able to be
quantified),

Control measures for significant risks
included in implementation plan(s);
Internal reporting on program;

AM team 100% focussed on abandoned mine
management, leading the program strategic

planning and implementation;
Skills and expertise aligned with roles;

Base funding and project funding for
jurisdiction-wide program, able to plan
ahead 3 to 10 years ahead;

External technical expertise engaged
on discipline-specific review and
prioritization;

Collaboration with other jurisdictions
where impacts go beyond borders;
Team of regulatory rehabilitation/
closure experts systematically auditing,
and taking action at, high risk sites;

Evidence that significant site/feature
implementation plan is successfully
being deployed;

Performance evaluation methods
defined;

Public performance report on
expenditure and risk/liability
reduction;

Training program, succession plan and
mentoring sustains AM team;

Systematically reducing liability and
reporting on performance;

Regular reviewing of additional/
alternative funding mechanisms

Peer reviewed published articles
on AM program, its elements
and case studies highlighting
progress;

Continual improvement has
eliminated future legacies
defaulting to the state/ tax
payers/community;

Risks well understood and
prevented, routinely the ‘way
we do business’;

Little or no chance of
unpredicted significant risks;

Other jurisdictions seek advice
from this team because of the
caliber of leadership;

Multiple funding sources,
significantly reduced liability for
state/community;

01-1 (5102) €k Ao110d 2211053y / '[p 33 4a3uUn [



through effective stakeholder
engagement;

9 Beneficial post-mining No evidence of Evidence of shaft capping Evidence of beneficial post-mining land use Evidence of multiple AMs ( > 3) which Leading practice AM Chapter 1:
land use successfully programs which have on 1 to 3 sites following implementation of have been remediated /closed and have management; Valuing
managed or closed successfully facilitated access remediation/closure plans, evidence of enabled beneficial land uses, Most closed sites returned to abandoned
AM with beneficial to land by making safe; stakeholder acceptance; productive/beneficial land uses; ~ mines
post-mining land Innovation evident through active Sharing of knowledge with
use; research program; related sectors (quarrying, waste
management, etc);
10 Heritage conservation - No evidence of Indigenous and industrial Heritage conservation management plans  Conservation/indigenous engagement  Iconic heritage sites listed on
indigenous and heritage heritage surveys and planning being implemented on all heritage listed integrated with rehabilitation, with national heritage register;
industrial conservation studies carried out on a few = sites; specialists guiding works and training
integrated with AM sites; Evidence of indigenous engagement in in-house personnel, research published;
program; closure planning;
Tourism entity functioning with
multiple collaborators and
funding streams;
Heritage values Restoration of cultural heritage
harmed during (indigenous) landscape features;
shaft capping
earthworks;
11 Secondary or No evidence of 1 to 2 examples of potential ~Several ( > 2) examples of secondary mining Innovative projects reduce waste Significant proportion of AM's
complementary mining secondary mining secondary mining or other or other management arrangements which volumes at AMs via alternative uses of have third party managers/users
opportunities (industrial projects at an AM  activities which reduce devolve site responsibility to a third party  materials and improved re-processing  of site wastes/water with little
ecology) in the jurisdiction; liabilities at an AM and reduce liabilities to the state by use of techniques derived through research; or no ongoing responsibility or
(exploration and/or mining robust agreements; Greatly reduced liabilities for the liability for the state;
tenure); Secondary mining plans based on state;
accepted standards;
12 Resourcing in No evidence of Evidence of partnering on <2 Partnering on AM program at jurisdictional Clear measures of success of the Partnerships constitute a global Chapter 4:
partnership partnering with projects on site specific level, e.g. with another government partnership with communication; leading practice example and Resourcing
other organizations activities; department, industry, research organization Review by independent parties; other nation-delegations visit to  and
on AM or non- government organization such as Collaborative publication of program learn from it; partnership
management; heritage/historical, tourist entity; [case study updates; opportunities
13 Stakeholder engagement No evidence of Stakeholder engagement Stakeholder engagement occurs through a  Stakeholder advisory group including Stakeholders involved at all
jurisdiction-wide occurs on a few sites of regular cross-functional advisory group regional catchment bodies, provide stages, including review of
stakeholder concern/interest; within government; input to AM program providing performance and input to public
engagement; Site specific stakeholder groups including  guidance on environmental values and performance reporting;
industry professionals to inform planning  priorities; Participatory monitoring
and implementation; External technical expertise engaged to methods employed widely;
review priorities;
14 Communication and No evidence of Web-page exists, provides Cross-departmental communication and Regular newsletters and public Communications linked to global Chapter 5:
networks networks or overview of abandoned mine networks with other organizations; communication on AM challenges and  networks with information Info sharing
communications works, little evidence of Cross-jurisdictional communication on solutions engage stakeholder groups sharing between jurisdictions and and ‘leading
across networking challenges in common; more widely with collaboration making nations (developed and practice’
departments; Regularly updated webpage(s). efficient use of limited resources; developing) via a range of
mechanisms;
AMs - abandoned mines.
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relatively small land area) and compared their abandoned mine
management framework and practice to British Columbia, Canada.
Australia was chosen as a case study to evaluate our model
because like many developed and developing nations, it has
experienced recent growth in its mining and petroleum extraction
sector yet does not have a national authority for managing
abandoned mines. Furthermore, it is relatively straightforward to
collect web-based information. The jurisdictional rankings were
derived only from a range of web information sources as a way of
evaluating the abandoned mine program information that is
accessible to the general public.

The British Columbia Crown Contaminated Sites Program
(BCCCSP) was also assessed in our analysis as previous research
has identified it as a benchmark for leading practice globally
(Unger, 2009; Unger et al., 2012). This program has addressed
the recommendations of various reviews including an audit by the
Auditor-General (Office of the Auditor General of British Columbia,
2003). The BCCCSP has evolved to a sophisticated program
addressing a range of regulatory, personnel, information manage-
ment, accountability and transparency challenges (Unger, 2009;
BCCCSP, 2012; 2014).

This web-based review was undertaken by a researcher with
very little experience in abandoned mines to ensure that the
rankings were not biased by inside knowledge of the industry. The
scores for each jurisdiction and British Columbia were then plotted
in a spider chart to provide a graphical representation of this
multivariate data in two dimensions.

In addition to our independent evaluation, we requested self-
evaluations from each jurisdiction. Only two self-evaluations were
obtained in response to our request (South Australia and Tasma-
nia). The self-evaluations provide a subjective method for evaluat-
ing the accuracy of the web-based review method.

Finally, a hierarchical cluster analysis was performed to provide
an exploratory assessment of which jurisdiction had similar
patterns in evaluative criteria and performance indicator scores.
It provided a single descriptive method for summarising the
rankings of 8 jurisdictions, 15 evaluative criteria and 5 performance
indicator scores. The cluster analysis was conducted in R using the
pvclust package version 1.2-2 (Suzuki, 2013).

Results
Information sources

The web-based information sources used in our review varied
from dedicated web sites for jurisdiction-wide abandoned mine
programs to information on abandoned mines specific to just one
or two sites (Table 3). As the term ‘abandoned mines’ was not used
by every jurisdiction, searches under other associated terms were

Table 3
Summary of web-based information sources.

needed to locate relevant programs or site information (Table 3).
This was the case for Victoria, for example, which yielded no
information using ‘abandoned mine’, however the search term,
‘contaminated sites’, proved more effective revealing a reference
to an audit by the Victorian Auditor Generals Office (VAGO, 2011)
with recommendations for two government departments as well
as councils who are ‘not effectively managing contaminated
sites...”. Similarly, in British Columbia, the term ‘contaminated
sites’ provided jurisdiction-wide information via the Crown Con-
taminated Site Program web site and associated biennial perfor-
mance reports (BCCCSP, 2012; 2014).

Ranking

Our web-analysis found large variability in the maturity of
abandoned mine programs for a range of evaluative criteria across
Australia. Western Australia ranked highest (proactive - four) for
criterion one (data and information management), due to their
comprehensive WABMINES database (Strickland and Forbes; 2004),
while having a score of zero for two other criteria (Fig. 2). A score of
three was achieved by the Northern Territory for criterion five
(Legislation, policy and guidance to prevent new AMs) due to the
evidence of methods for prevention of mining legacies and detailed
data on two particular sites, Mt Todd and Rum Jungle (DME NT, 2013).
New South Wales and Tasmania had the highest average score of 1.7,
however, this was not much higher than the overall average for
jurisdictions in Australia at 1.5 and is thus well within the bounds of
uncertainty associated with the web search method.

On average, Australian jurisdictions ranked lower than British
Columbia for most categories with an average score of 1.5 versus
3.1, respectively. Our cluster analysis, which identified similarity in
rankings for evaluative criteria, also showed that British Columbia
is very distinct in comparison to Australian jurisdictions (Fig. 3).
The clustering reflects not only the scores for the performance
indicators but also the evaluative criteria in which each jurisdic-
tion shows maturity. For example, the Northern Territory and
Victoria are clustered as they had the lowest average scores of
1.1 and low values in similar criteria, while Queensland and
Western Australia were also clustered as they both score highly
in the foundational evaluative criteria.

All programs rated very low for criteria 10 (Heritage conservation
- indigenous, cultural and industrial) and 11 (Secondary mining
opportunities), including British Columbia, Canada. This does not
mean these values were not being addressed at any sites. Rather - as
with each of these scores - these results reflect the web-accessible
information based on what a member of the public could find if they
were searching for this information. The unexpectedly low score
(3) for British Columbia's beneficial use of post-mining landscapes
(criterion 9) in the context of the British Columbia Brownfield
Renewal program (British Columbia Brownfield Renewal, 2014) is

Jurisdiction Website information scale Key search term

Summary of available information

Australia

New South Wales
Northern Territory
Queensland

South Australia
Tasmania

Victoria
Western Australia

Canada
British Columbia

Jurisdiction-wide
Site-specific
Jurisdiction-wide
Site-specific
Jurisdiction-wide

Site-specific
Jurisdiction-wide

Jurisdiction-wide

Derelict mines
Legacy sites
Abandoned mines
Abandoned mines
Abandoned mines

Contaminated sites
Abandoned mines

Contaminated sites

Program website; Current program of works

Site-specific programs (Mt Todd, Rum Jungle); Mine levy for AM management
Program website; Five site-specific programs; Two shaft-capping programs
Program identified; Site-specific program (Brukunga)

Program website; Policy, criteria for site prioritization,

cross-functional engagement - trust fund committee.

List of priority sites includes four former mines; no site-specific

remediation details, jurisdictional audit reports

Jurisdiction-wide inventory, mine rehabilitation fund

Program website; Performance reports
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Fig. 3. Hierarchical cluster analysis of jurisdictional maturity for abandoned mines for Australian jurisdictions and British Columbia, Canada. Height indicates the degree of

similarity between jurisdictions.

because this program was not found during the web-analysis, nor its
connection to the Crown Contaminated Sites Program recognized.
While some abandoned mines are included in the Brownfield
Renewal program, many sites are other types of industrial sites
located in urban areas where land values are higher than remote BC.

Self-ranking

While the web-analysis reflected information available to a
member of the public, the self-assessments conducted by Tasmania

and South Australia showed that the independent assessment was
only accurate for some of the evaluative criteria (Fig. 4). Both self-
assessments resulted in higher overall scores as would be expected
given that less information is available publicly. The difference
between the self-evaluation and the web-based average scores was
1.1 and 0.6 for Tasmania and South Australia respectively. However,
the difference between five out of the 14 evaluative criteria and
seven out of the 14 criteria were less than 0.5 for Tasmania and
South Australia respectively, demonstrating that many of the
criteria were assessed reasonably with the web-based approach.
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Fig. 4. Spider diagrams of jurisdictional maturity for Tasmania and South Australia comparing independent web-based assessment with self-assessment.

Discussion

The abandoned mine maturity model presented in this
research illustrates a novel application of the maturity model
concept. It allows for the strengths and weaknesses to be identi-
fied in current approaches to abandoned mine management taken
by each jurisdiction against current international practice. It also
allows for performance evaluation of abandoned mine programs
against the maturity pathway.

Outcomes for Australian jurisdictions

The independent review based on web-accessible information
made apparent that some Australian jurisdictions were more
mature in some criteria than in others. In most cases, the British
Columbia Crown Contaminated Sites Program was more mature
than abandoned mine management under Australian jurisdictions.
The variability in abandoned mine maturity over the range of
evaluation criteria highlights that cross-jurisdictional dialog is
likely to be beneficial. For example, the Western Australia aban-
doned mine mapping program resulted in a high score for
criterion 1 (data and information management) and other jurisdic-
tions are likely to benefit from their experience. While the average
of all scores for Australian jurisdictions was 1.5, the average of the
maximum scores for each evaluation criterion across all Australian
jurisdictions was 3.2. This value is similar to the result for our
leading practice benchmark of British Columbia, Canada (with
an average score of 3.1). Therefore, sharing knowledge within
Australia and linking jurisdictions to leading practices overseas
would assist abandoned mine managers to continually improve
towards leading practice.

For the criteria against which jurisdictions appeared weaker,
the maturity model provides an indication of step-wise improve-
ments that could be taken on the path to maturity. Furthermore,
the evaluative criteria are ordered in a manner logically consistent
with leading practice internationally and thus, effort should be
prioritized towards strengthening program performance in the
foundational evaluative criteria (i.e., starting with data/informa-
tion management and establishing a jurisdiction-wide knowledge
base). Deviations from this, indicated by high scores in upper-level
criteria, may serve as a warning that the necessary preliminary
information or program development has not been undertaken.

A key piece of information missing from most websites was the
total liability from abandoned mines and methods of prioritization
and risk assessment. It was not clear whether this liability was
known or if the information was not released publicly. Where
abandoned mine programs existed in Australia, the program
expenditure per annum was also missing from their websites. As

aresult, researchers and the public cannot easily assess how much
of the total abandoned mine liability is being addressed each year
and the scale of the problem. This is in contrast to some of the US
and Canadian programs that have publicly available estimates (e.g.
BCCCSP, 2012; Lovingood et al., 2004; Office of the Auditor General
of Canada, 2002;). Risk and prioritization information commonly
utilize estimates of site liability - together with environmental,
safety and health risk data - to identify which mines to apply
investigative focus. Investigations then identify the risk conse-
quences and probability so that high risks are identified and given
priority for remediation action. Site liabilities can then be esti-
mated. The lack of liability reporting in Australia could represent
the fact that investigations and risk rankings have not been
undertaken. The absence of accurate estimates of abandoned mine
liabilities indicates a significant shortcoming in abandoned mine
management in Australia when compared with Canada.

While care was taken to review all publicly available web-based
information, it is likely that this review underestimated maturity
across jurisdictions and those jurisdictions that have emphasized
transparency would have received higher scores. For the two cases
in which jurisdictions self-evaluated, their evaluation scores were
much higher. The web-based evaluation of South Australia
appeared to more closely resemble the self-evaluation than
Tasmania. Perhaps this was due to their advanced planning and
investment for one site in particular, Brukunga, in South Australia
which has involved remediation planning over many years, con-
current with water treatment (Department of Manufacturing,
Innovation, Trade, Resources and Energy, 2013). In Tasmania,
where Mineral Resources Tasmania are the lead agency for
rehabilitation of abandoned mine lands, there appears to be
greater jurisdictional planning with a cross-functional Trust Fund
Committee to provide advice to the Minister on allocation of funds
to abandoned mine remediation.

The web-based review makes assumptions based on the
information provided on web sites. Wherever quantitative data
was not available, subjectivity could have been a factor in the
ranking. For example, during the ranking process, it was apparent
that the researcher needed to know all of the possible terminology
for abandoned mines in order to find relevant information. The
search phrase ‘abandoned mines’ was not used by all jurisdictions,
with jurisdictions using terms such as contaminated sites, legacy
sites and derelict mines (Table 3). In some cases, there was no
online inventory for abandoned mine sites. For example, few, if
any, Northern Territory legacy sites were truly abandoned as they
were often incorporated into mining tenure for current projects.
Under the operator's Mine Management Plan and associated
rehabilitation bond, the company would not become responsible
for the pre-existing site liability until they undertook new mining
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activities in former mining areas. However, this is not easy to
determine from a web search. Thus, those programs that have a
unified and dedicated program are likely to have higher rankings.
Furthermore, the management of abandoned mines is constantly
evolving and our trial of the maturity model represents the state of
abandoned mine management in Australia as of July 2013 when
the review was completed. Some jurisdictions have since made
significant changes that may raise their scores against the evalua-
tive criteria such as Western Australia (Western Australia
Department of Mines and Petroleum, 2014) and Northern Territory
(Clayton Utz, 2013; Woollard, 2014).

Maturity model for monitoring and evaluation

Through further testing and refinement, and with input from
jurisdictional abandoned mine managers, the maturity model
could be applied to jurisdictions globally to address gaps or
weaknesses in policies, legislation and programs. Maturity models
have successfully been applied in other areas globally. For exam-
ple, maturity models have been applied to safety in the mining
and other industries (Commonwealth of Australia, 2008; Hancock,
2010; Hudson and van der Graaf, 2002; Westrum, 1993). Hancock
(2010) applied the maturity model to risk management of com-
municable diseases in the Papua New Guinean mining industry to
provide a path for development. He stated that, “the maturity
model can be used to heighten awareness of the strengths and
weaknesses of an organization, to prioritise effort in organiza-
tional improvement activities and to provide a vision of mature
application of the risk management process and the journey by
which maturity may be attained”. Hancock's applications of the
model are similar to those outlined by MacGillivray et al. (2006
and 2007) which include use of the model: i) by the organization
as a self-assessment tool; ii) by management and technical staff as
a reference model; and iii) to evaluate contractors or partners.

The maturity model is just one of many monitoring and
evaluation tools that may be applied to abandoned mines. An
evaluation of the range of circumstances that have led to the
occurrence of abandoned mines can provide useful context and
knowledge to help inform current mining practices, regulation and
policy to reduce the likelihood of them developing in the future.
The monitoring and evaluation literature advocates that quantita-
tive approaches be applied to program evaluation. Future research
based on the principles of Utilization Focused Evaluation (Patton,
2008; 2013) could be used to further refine this maturity model.
This approach focuses on the principle that an evaluation is most
useful when assessed by its intended users and thus, jurisdictions
should adapt our maturity model to their specific requirements.

Integrating the maturity model with existing frameworks

The maturity model could form the basis for achieving imple-
mentation of existing regulatory frameworks or policies that have
been developed by jurisdictions at any level globally. Strategic-level
documents lack the level of detail required for implementation and
jurisdictions - particularly, but not exclusively, those in developing
nations - may lack suitably qualified personnel to translate policy
into workable plans with clear task prioritization. The maturity
model presented here provides a hierarchical, step-wise guide to
developing a robust abandoned mine management program. The
model could also support the development of appropriate tools to
assist knowledge sharing and progression of abandoned mine
programs along the path to maturity based on the well-esta-
blished monitoring and evaluation principles referred to earlier.

This paper demonstrates in the Australian context how a strat-
egic framework could be developed into a maturity model through
adapting the chapters of the strategic framework and leading

global leading practice into evaluative criteria. An implementation
plan for the Strategic Framework is the next step in addressing
abandoned mines in Australia and would provide minimum
jurisdictional expectations to encourage convergence across jur-
isdiction boundaries and give rise to a consistent national
approach, as has occurred for the National Mine Safety Framework
(MCMPR, 2009). Targets would need to be set and performance
measures agreed. It is anticipated that this maturity model could
provide a foundation for this plan by enabling jurisdictions to map
a path toward the leading practice programs. Gaps in knowledge,
policy and legislation can then be systematically addressed for
holistic programs to persist over time, including across changes of
government. Inter-generational equity demands long-term persis-
tence in abandoned mine programs.

Conclusions

In this paper, we presented a novel application of the maturity
model to jurisdictions managing abandoned mines to highlight the
benefits of understanding key elements against which manage-
ment inputs are required. Appropriate monitoring and evaluation
tools, such as the maturity model, are needed to assess perfor-
mance, while also supporting learning between jurisdictions that
have responsibility for abandoned mines. This approach can
improve efficiency and progress toward adoption of leading
practices via information sharing. Applying our model to assess
the performance of Australian abandoned mine plans and pro-
grams showed that Australian jurisdictions appeared to be at the
foundational steps in addressing abandoned mines issues.

The complexities of abandoned mines and their potential for
long-term impacts require that robust management programs be
developed. Any jurisdictional abandoned mine program can
potentially fail if a systematic approach is not taken to assessing
outcomes in an objective and quantitative manner. These pro-
grams are also vulnerable to political involvement in decision
making, particularly when economies contract. Robust programs
that are strongly evidence-based ensure that the key risks and
liabilities are identified, quantified and become the focus of
remediation. National leadership to achieve a connection to global
leading practices can bring innovative solutions to address impacts
and harness the opportunities from those values that some
abandoned mines have, such as industrial heritage values. Innova-
tion in methods and collaboration can provide beneficial post-
mining opportunities and sustainable local economies.
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