
Vol.:(0123456789)1 3

Mineral Economics 
https://doi.org/10.1007/s13563-022-00339-x

VIEWPOINT

Towards a positive legacy: key questions to assess the adequacy 
of mine closure and post‑closure

R. Anthony (Tony) Hodge1,2 · Henry Brehaut3

 
© The Author(s) 2022

Purpose

The purpose of this note is to offer a list of questions that 
will facilitate:

• Enhancement of stakeholders’ understanding of the clo-
sure/post-closure phases of mining;

• Strengthened assessment of the adequacy of closure/post-
closure plans and actions over both the short and long 
terms;

• Identification of the risks inherent in a company’s com-
mitment, plans, and financial capability to close mines 
in keeping with its long-term environmental, social, and 
financial obligations; and

• Constructive discussions between stakeholders related to 
the achievement of a positive legacy.

The challenge of mine closure/post‑closure

The mine closure phase of a mine project formally starts 
with the end of operations and includes implementation of 
worker and community transition plans, removal of extrane-
ous physical plant, site grooming, construction of treatment 
facilities, implementation and testing of the site monitor-
ing system, and overall preparation of the site for the long 
term. However, many aspects of closure design, planning, 
approvals, decision-making, and implementation begin long 
before the end of operations, starting with mine design and 
related approvals.

Post-closure is the phase of a mine project that takes 
place after the site has been fully prepared for the long term. 
It includes long-term operation of any treatment facilities; 
monitoring of ecological (physical, biological, bio-geo-
chemical) and social conditions; assessment of performance 
against socio-economic and environmental obligations; and 
system adjustment if performance is not as projected any 
required reporting to regulatory agencies and the public.

The closure and post-closure phases of the mine project 
life cycle can carry significant costs, risks, and opportunities.

Costs and risks related to environmental, social, cultural, 
and economic characteristics have been most often con-
nected to physical stability and contaminant migration into 
the environment along surface and groundwater pathways. 
However, adverse impacts on social and cultural systems—
the “S” in ESG (environment, social, governance)—can also 
be extremely significant and also have to be identified and 
addressed as an integral part of a comprehensive closure 
planning process.

Importantly, opportunities related to the ability of the 
closure planning and implementation process to generate 
outcomes that will be regarded by all stakeholders to be a 
positive legacy, also require full attention.

The most prominent of the mechanisms leading to con-
taminant migration in water systems (but not the only one) 
is bacterially driven oxidation of sulfide minerals, commonly 
labelled acid and metalliferous drainage (AMD).1 Once 
these bio-geochemical processes are unleashed through 
mining, they cannot be fully stopped, though management 
techniques can bring varying degrees of control depending 
on the site.

As a result, long-term costs for water treatment and active 
site management can arise that stretch out for decades and 
even centuries, long after revenue generation from ore 
extraction is over. Estimating the nature of this long-term 
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cost and integrating it into company financial statements and 
government financial assurance requirements is both difficult 
and contentious.

In the case of AMD, it is not the absence of knowledge 
that is the problem. Mining companies know the range of 
possible outcomes, but use management’s best estimate or 
probabilistic average to guide their decisions, provisions, 
and approaches to financial assurance. Unfortunately, one 
of the results is that residual risks are often obscured, and 
a false sense of confidence generated. Pushed further, this 
can lead to a kind of strategic “application of ignorance,” a 
term that has arisen in the analysis of corporate avoidance 
of effectively addressing social implications (Lawrence and 
O’Faircheallaigh 2022).

Because the performance of closure/post-closure plans and 
facilities may vary significantly across the long time horizons 
that sometimes exist, these phases of a mine’s operation reach 
the edge of our ability to predict financial requirements over 
the long term. And importantly, while initial short-term cost 
efficiency is a function of closure facility “build” conditions, 
long-term cost efficiency is driven by the management capac-
ity to recognize and adapt to changed conditions quickly and 
before deficiencies in closure/post-closure plans or systems 
result in unexpected costs. This challenge has been greatly 
exacerbated by the onset of climate change.

Relevant decision-making related to effectively manag-
ing risks through the closure and post-closure phases starts 
during mine design, long before operations begin. So, risk 
assessments undertaken as input to design and approvals 
must address not only short-term conditions during opera-
tions but, also, long-term conditions to be faced during post-
closure. Doing so is at the heart of effective “design- and 
management-for-closure.”

Early versions of design-and-management-for-closure 
concepts were introduced to the industry in the late 1970s 
and early 1980s but not broadly applied even amongst lead-
ership companies and service providers until the last two 
decades. Best practices continue to evolve.

Two critical challenges that mining companies and regu-
lators have yet to fully address are the provision of mecha-
nisms and management systems that ensure:

1. Mine closure and post-closure bring a positive legacy 
and sustainable benefits to people and ecosystems, and

2. Sufficient human and financial resources are available to 
meet corporate obligations.

Because deficiencies still exist in both regulations and 
company practices, examples continue to arise of operations 
lacking effective closure/post-closure plans and financial 
resources for effective implementation. In these cases, the 
resulting liability falls to society (governments) and/or the 

environment to carry. If the capacity to address this liabil-
ity is lacking, harm occurs. Particular attention needs to be 
given to the amount and security of government-mandated 
financial assurance to ensure that estimated costs and poten-
tial increases are covered in keeping with long-term corpo-
rate obligations that go beyond management’s best estimates 
and probabilistic averages.

Trust through engagement and dialogue

Successfully meeting the above two challenges is only pos-
sible with effective processes of stakeholder engagement and 
dialogue.

Each closed mining site has unique characteristics that 
must drive the design and operation of the closure strategy. 
Because of financial obligation and knowledge base, the 
operator is best placed to lead the design and implementation 
of the needed closure/post-closure strategy. However, 
decisions cannot be left solely to corporate head offices with 
their prime focus on shareholder value, or indeed, left solely 
to governments who have not always demonstrated adequate 
oversight to ensure a positive legacy.

Stakeholders too have a “stake.” They include affected 
communities and their citizens, Indigenous Peoples, investors 
and shareholders, company board members, civil society 
organizations (who are participating in licencing, approvals, 
and oversight processes), elected officials, and regulators.

Their input is essential to effective design and imple-
mentation. This is so because while their insight on techni-
cal questions being addressed may be limited, the degree 
of effort or weight put into the strategy and its component 
parts is a judgement that must be guided by their (affected 
stakeholders) values.

When it comes to stakeholder values, they are the 
experts as to what constitutes a positive legacy. They, not 
the company, will have to live with the results. Thus, they 
have a right to understand the nature of the challenges, to 
be provided with details of alternative closure and post-
closure approaches that are being considered, to offer their 
thoughts on how to proceed, and to participate in weighing 
the decisions that must be made. In short, to have their views 
heard and to play a role in decision-making. It is the only 
way that a sense of trust will emerge that the mine project 
will leave a positive legacy.

Generic closure/post‑closure goals 
and objectives

The overall goal of the closure and post-closure phases 
of mining is to leave a positive legacy by ensuring a posi-
tive contribution to people and ecosystems over the long 
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term. This general, aspirational goal statement is translated 
to action through a set of clear, measurable objectives. In 
Table 1, the overall goal is split into three components: peo-
ple, ecosystems, and management.

Objectives must be carefully tailored to any given site. 
They in turn drive concrete actions. Results achieved can then 
be tracked over time and publicly reported to bring trust that 
commitments are being honored and the site plan is function-
ing as designed—or if not, system adjustments can be made.

Effective objectives are unambiguously “directional” 
such that success can be effectively monitored, and “politi-
cal ambiguity” avoided.2 However clearly, for any given site, 
the importance of various objectives and the pace of their 
achievement will vary depending on how they are weighted 
in the assessment process. Such weighting is value-driven 
and appropriately completed through stakeholder dialogue.

The generic objectives serve as a foundation for the ques-
tions that are subsequently listed in Table 2.

Closure/post‑closure questions

To achieve the best results—for people, for the environment, 
and for financial efficiency—it is essential that closure/post-
closure considerations be considered from early in the mine 
design process. This starts prior to approvals being granted. 
Design and implementation approaches related to closure 
and post-closure must be then continuously refined through 
the operation’s entire life cycle as the project proceeds and as 
an understanding of site conditions grows. In that life cycle, 
abrupt temporary closures and bankruptcies can occur that 
also need consideration.

Questions in Table 2 are presented in the following categories:
Company commitment

(a) Company direction
(b) Company closure/post-closure plans
(c) Company provision for closure/post-closure
(d) Company financial assurance for closure/post-closure

Table 1  Generic closure/post-closure goals and objectives

a See Vivoda et al. (2019) for a useful review of the social aspects of mine closure

The overall goal of the closure and post-closure phases of mining is to leave a positive legacy by ensuring a positive contribution to people and 
ecosystems over the long term

Objective number Objective

Goal 1. People. To ensure a positive contribution to people and their well-being over the short and long  termsa

     1. Health and safety. Maximize worker and public health and safety
     2. Worker and community transition at closure. Maximize opportunities for workers and the community to adjust to a 

post-operation society smoothly and fairly
     3. Socio-economic, culture, and health benefits. Maximize local and regional socio-economic, cultural, and health benefits
     4. Land use over the short and long terms. Minimize restrictions on traditional and local land uses
     5. Engagement, transparency, and trust building. Maximize engagement, dialogue, and trust-building with all interests on 

issues and decision-making that may interest or affect them
Goal 2. Environment. To ensure a positive contribution to ecosystem well-being over the short and long terms
     6. Overall ecosystem health. Maximize the restoration of a biodiverse and self-reproducing post-closure ecology within 

the area of influence or ecological footprint of the mine operation
     7. Contaminant migration off-site. Minimize off-site contaminant migration through all pathways including surface water 

systems, groundwater flow systems, air transport, and biological transport
     8. Physical and bio-geochemical stability. Maximize the stability of physical and bio-geochemical storage of tailings, 

waste rock, slopes, roadways, and waterways
Goal 3. Management. To ensure an effective and efficient closure/post-closure management system
     9. Management and oversight. Maximize confidence that a resilient system of management and oversight will be established 

for implementation throughout the full time horizon of closure and post-closure
     10. Cost estimate. Maximize confidence that closure cost estimates will cover all closure and post-closure requirements 

through the full time period for which costs will be incurred
     11. Cost minimization. Minimize costs related to the closure and  

post-closure phases of the mine
     12. Cash flow and security. Maximize assurance that resources will be available to meet closure obligations when needed 

throughout the closure and post-closure phases of activity

2 Objectives are articulated in terms of “maximums” or “minimums” to 
facilitate establishing relative weights and a means for tracking perfor-
mance. In application, collaborative processes would establish a scale (of 
say 0–10) that sets the maximum or minimum along with related grada-
tions. In that way, an assessment can be made of desired and relative per-
formance related to each objective over time from initial design onwards. 
These concepts draw from well-tested systems of decision analysis.
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Table 2  Closure questions

Company commitment
A. Company direction
  1. Closure/post-closure policy. What is the company’s policy governing mine closure/post-closure issues?
  2. Board oversight. Does the Board of Directors directly or through a Board Committee provide oversight of mine closure/post-closure obliga-

tions, costs, and risks?
  3. Company oversight. What specific policies, procedures, organizational structures, accountabilities, and resources are in place or will be in 

place to maximize confidence that a resilient system of management and oversight will be established for the implementation of closure/post-
closure commitments throughout the complete time horizon?

  4. Corporate office role in closure. What is the role of the corporate office in the implementation of the closure/post-closure activities, the 
development of closure/post-closure plans and cost estimates, and the implementation of closure/post-closure plans through all stages of the 
mining cycle?

  5. Responsible divestment in case of ownership change. What mechanisms are in place to ensure closure/post-closure liabilities will be 
addressed in the case of ownership change? 

B. Company closure/post-closure plans
  6. Active plans. How many sites under the control of the company have active closure/post-closure plans related to the cessation of mining 

operations?
  7. Classification by mining stage. For these plans, what is the number of sites that are currently (1) in production but more than 5 years from 

planned closure, (2) in production but within 5 years of closure, (3) in state of “care maintenance” as a temporary condition, (4) within the 
closure stage, (5) within the post-closure stage with care and maintenance activities only, and (6) in the post-closure stage with ongoing water 
treatment or other major activities underway? 

  8. Independent review. Have the current active closure/post-closure plans been reviewed by independent closure experts? 

C. Company provision for closure/post-closure
  9. Balance sheet provisions for closure. What amount is included in the company’s financial statements as a provision for closure/post-closure 

obligations and what discount rate is used to determine the balance sheet provision for closure obligations? If different rates are used for 
specific jurisdictions, what are the amounts and discount rates for such instances?

  10. Closure obligations. Does this amount address all closure/post-closure objectives (Table 1) including both socio-economic and environ-
mental obligations?d

  11 Long-term obligations. Of the total provision reported, how much relates to post-closure activities and what time horizon is implied? 

D. Company financial assurance for closure/post-closure
  12. Amount of financial assurance required by government. What is the amount of financial assurance that governments require the company 

to provide in support of the company’s closure/post-closure obligations?
  13. Security/Form of financial assurance. Describe the forms and amounts of security that have been provided to governments in terms of (1) 

cash and low-risk securities, (2) third-party guarantees, and/or (3) corporate balance sheets?
  14. Company credit rating. What is the company’s current credit rating?
  15. Receivership and/or bankruptcy. If receivership or bankruptcy are declared, how will closure/post-closure provisions be covered? 

Individual site closure plans for closure/post-closure
E. Fundamental company planning requirements
  16. Closure/post-closure vision and objectives. What is the site-specific closure/post-closure vision, including specific objectives, that captures 

what the company wants to achieve with closure/post-closure actions and that will define the legacy it wants to leave behind? 
  17. Site-level accountability. Who is accountable at the site level for the implementation of the closure/post-closure plans?
  18. Closure/post-closure approach maturity. What degree of  maturitya has been achieved at this site in terms of comprehensive closure/post-

closure planning and implementation? 
  19. Engagement, transparency, trust building. What degree of stakeholder involvement and their influence on corporate decisions characterizes 

your company’s approach at this site?b

  20. Risk-based planning. Has a formal risk assessment that addresses all aspects of the closure/post-closure plan been conducted for the pur-
pose of ensuring that (1) all potential cost areas have been included and addressed; and (2) residual risk factors that may require further study 
and improvement have been identified?

  21. Residual risk. What critical assumptions and residual risks have been identified in the defined programs and financial projections and have 
the possible consequences of such residual risks been quantified?
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Table 2  (continued)

F. Government direction and requirements  
22. Financial assurance required by the government. What is the amount of financial assurance that is currently required by the government in 
support of the company’s closure/post-closure obligations at this site, what discount rate and time horizon are used in this determination, and what 
type and amount of security have been provided (1) in cash and low-risk securities? (2) third-party guarantees? and/or (3) corporate balance sheet?

  
23. Permits. What aspects of a mine closure/post-closure plan are covered by existing site permitting requirements?

  24. Policy initiatives. What other closure/post-closure obligations are identified by the government for inclusion in the closure plan? Hospitals, 
schools, infrastructure, services, water, long-term planning?

  25. Transition plan cost-sharing with the government. What elements of socio-economic and infrastructure transition programs will govern-
ment share cost and/or responsibility? 

G. People and their well-being over the short and long terms
  26. Worker and public health and safety. What programs are planned or already in place to maximize worker and public health and safety 

through closure/post-closure?
  27. Worker and community transition. What programs are planned or already in place to maximize economic opportunities for workers and the 

community to achieve a smooth and fair transition to a post-operation society?
  28. Identification and assessment of social/cultural concerns. Has the closure/post-closure plan considered the immediate and long-term social/

cultural implications of mine operation, closure, and post-closure?
  29. Transition of social, cultural, and health benefits. What specific programs are planned or already in place to maximize socio-economic, 

cultural, and health benefits over the long term?
  30. Post-closure land uses. What programs are planned or already in place to use existing land, mine facilities, transportation corridors, and 

infrastructure for the beneficial use of the local economy while minimizing restrictions on traditional and local land use? 

H. The environment and its well-being over the short and long term
  31. Overall ecosystem health. What programs are planned or already in place to maximize the restoration of a biodiverse and self-reproducing 

post-closure ecology within the area of influence or ecological footprint of the mine operation?
  32. Physical stability. What are the current and projected future consequences of failure for waste and tailings storage structures and what steps 

will be taken as part of the closure/post-closure plan to maximize long-term stability?
  33. Bio-geochemical stability. What programs are planned or already in place to minimize off-site contaminant migration through all pathways 

including surface water, groundwater flow systems, air transport, and biological transport?
  34. Post-closure water treatment. Have all rock types been tested for their Acid and Metalliferous Drainage (AMD) potential and, if so, (1) 

what is the probability of contaminated surface water discharges and/or groundwater flows that may require water treatment during post-
closure and (2) what actions have been implemented or are planned to minimize and manage AMD over the long-term? 

I. Site closure/post-closure cost estimate
  35. Cost estimate. What is the cost estimate for the current closure/post-closure plan? 
  36. High-risk elements in the cost estimate. In the current closure/post-closure cost estimate, what high-risk issues and related costs have been identified?
  37. Cost estimate completeness, accuracy, and maturity. What degree of completeness, accuracy, and maturity characterizes current closure/

post-closure cost estimates?c

  38. Independent review. Has the current closure/post-closure plan been reviewed by independent closure experts?

J. Financial provision for closure/post-closure  obligationsd

  39. Balance sheet provisions for site closure/post-closure. What amount is included in the company’s financial statements as a provision for 
closure/post-closure obligations for this site? What closure/post-closure objectives (Table 1) does it address? What discount rate and time 
horizon are used in this determination? 

a ICMM (2022) offers a “closure maturity framework” which sets out a process for assessing and tracking over time, how well the systems, pro-
cesses, and practices of a mining company can reliably achieve the aspired long-term closure/post-closure vision that has been set.
b A useful approach for this assessment is the IAP2 Spectrum of Public Participation scale (IAP2, 2022). Also, see ICMM’s Closure Maturity 
Framework (ICMM, 2022)
c See ICMM (2022) for useful guidance on assessing the maturity of cost estimates
d In jurisdictions requiring reporting, provisions are generally listed in corporate financial statements based on guidance provided by either (1) 
International Accounting Standard (IAS) 37 Provisions, Contingent Liabilities and Contingent Assets for those companies reporting in accord 
with International Financial Reporting Standards (IFRS) or (2 Accounting Standards Codification 410 (Asset Retirement  and  Environmental 
Obligations) for those companies reporting in accord with Financial Accounting Standards Board (FASB). Both approaches seek to provide 
for the costs or liabilities related to the retirement of long-lived assets as a provision on a company’s balance sheet. Neither of these standards 
provide specific guidance for the scope of mine closure obligations. Mining companies generally specify such provisions to be primarily envi-
ronmental in nature. Clarification is needed to portray the full extent of a company’s closure and post-closure obligations including transition 
requirements for socio-economic and cultural issues and recognition of liability for residual risks
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Individual site closure/post-closure plans

(e) Fundamental company planning requirements
(f) Government direction and requirements
(g) People and their well-being over the short and long 
terms
(h) The environment and its well-being over the short 
and long terms
(i) Site cost estimate for closure/post-closure
(j) Financial provision for closure/post-closure
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were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
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the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
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