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Mi Pasado
Terry Braun, M.S., P.E.
30+ years…
• Project Sponsor for Integrated 

Mine Closure of the BHP San 
Manuel Mine and Plant Sites 
(1999 to 2008)

• Project Sponsor for Site-Wide 
Closure of Globe-Miami Arizona 
Legacy Assets (2015 
to Present)

• Uranium Tailings Closure Planning 
and Implementation, Asset 
Retirement Obligations, Closure 
Cost Estimates (Class 5, 4 and 3)
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Momento de las decisiones relacionadas con el cierre
Timing of Closure-Related Decisions

1 Mining Life Cycle
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Concepto de Tiempo y Toma de Decisiones
Concept of Time and Decision-Making

Mine Life – Decades
Vida de la mina - Décadas

Post-Closure – Centuries
Post-Cierre - Siglos

Perpetual Care and Maintenance
Cuidado y mantenimiento perpetuos

Post Cierre Siglos
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Mining
Lifecycle

Exploration

Resource
Estimation

Project
Definition



Adapted from Tailings Management Handbook (2022), Chapter 16, p238
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Mining
Lifecycle

Siting and 
Design

Construction and 
Commissioning

FPIC Free and Prior Informed Consent 
(FPIC)

Social Planning for transition to 
construction and operations phases 

Sustained Stakeholder 
Engagement

Social Planning for transition 
to Final Reclamation and 

Post-Closure

Final Reclamation

Relinquishment

Long-Term Care

Post-Closure Care and 
Maintenance

Confirm Post-Mining 
Land Use Scenario

Review and Update 
Post-Mining Land Use 

Scenario(s)

Exploration

Resource
Estimation

Project
Definition

Consentimiento Libre, Previo e 
Informado (CLPI)



Adapted from Tailings Management Handbook (2022), Chapter 16, p238
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Mining
Lifecycle

Siting and 
Design

Construction and 
Commissioning

Final Reclamation

Relinquishment

Post-Closure Care and 
Maintenance

Long-Term Care

Review and Update 
Post-Mining Land Use 

Scenario(s)

1 Pre-Mining Decision

2 Re-Start Decision

3 Change in Mine 
Plan Decision

4 Final Closure 
Decision



Pasado a Presente
Past to Present

Legacy Site
Operated and Closed Prior to Modern Era 
of Mining and Environmental Regulation

Long-Term Producer
Operated Prior to and During Modern Era
of Mining and Environmental Regulation

Contemporary Producer
Planned and Operated During Modern Era 
of Mining and Environmental Regulation

Future Producer
Planned and Operated During Future Era 
of Mining and Environmental Regulation

Present
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Pasado a Presente
Past to Present

Legacy Mine

Existing Long-Term 
Operations

Modern and Future Operations (?)
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Decision Point
Pre-Mining (start with the Mineral Resource)
Example Inputs to Pre-Mining
Closure Planning (Trade-Offs):
• Mining Method
• Metallurgical Process
• Mine Waste Management
• Water Balance
• Stakeholder Engagement
• Environmental Impact
• Post-Mining Land Use
• Project Economics*

* NPV vs. Life Cycle Accounting13



Decision Point
Re-Start Mining
Example Inputs to Re-Start 
Closure Planning:
• Mining Method (Change?)
• Metallurgical Process (Change?)
• Mine Waste Management (Change?)
• Water Balance (Update)
• Stakeholder Engagement 

(Re-Establish?)
• Environmental Impact (Re-Assess)
• Post-Mining Land Use (Re-Assess)
• Project Economics
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Decision Point
Change in Mine Plan
Example Inputs to Change in 
Mine Plan Closure Planning:
• Mining Method (New?)
• Metallurgical Process (New?)
• Mine Waste Management (New?)
• Water Balance (Update)
• Stakeholder Engagement 

(Maintain)
• Environmental Impact (Re-Assess)
• Post-Mining Land Use (Re-Assess)
• Project Economics
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Decision Points
Final Closure
Example Inputs to Final Closure 
Planning:
• Mining Method (Inert rock/stockpiles?)
• Metallurgical Process (De-pyritize?)
• Mine Waste Management 

(Outslope?)
• Water Balance (Update)
• Stakeholder Engagement (Priority)
• Environmental Impact (Assess)
• Post-Mining Land Use (Assess)
• Project Economics
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Papel de las estimaciones de costos en las decisiones de cierre
Role of Cost Estimates in Closure Decisions

2 Cost Estimates
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Example of Cost Estimate Class and 
Frond End Loaded (FEL) in Mine Closure

Pre-Development 
Closure Planning

Closure Plan

Financial 
Assurance

Closure Plan Review 
and Updates

Financial Assurance 
Review and Updates

Detailed 
Planning 
and Cost 
Estimate

Detailed 
Engineering, 

Permitting and 
Funding

Final Decommissioning 
and Closure Monitoring

Post-Closure 
Monitoring, 

Maintenance 
and Reporting
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Class 5

Class 4 Class 3

Class 2

Class 1

Site Investigation, 
Design and Planning

Funding and 
Construction Mine Operations

Relevant to Mine Closure 
Decision Making
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Widely accepted industry 
guidelines

Association for the 
Advancement of Cost 
Engineering

Independent Project Analysis

Increasing detail/effort

Specialist

Cost Estimate
Classification

https://www.costengineering.eu/Downloads/articles/AACE_CLASSIFICATION_SYSTEM.pdf
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Cost Estimate 
Class cross-
referenced with 
FEL and Mining

Chapter 1, Table 1.1. The Australasian Institute of Mining and Metallurgy 
(AusIMM), Cost Estimation Handbook (Second Edition). 2012

Note focus on 
capital cost 

estimates
What about post-

closure costs? 
Perpetuity?
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Post-Closure Cost Components
• Active water management (seepage, 

draindown), if applicable
• Stormwater management
• Cover and hydrotechnical installations 

inspection and maintenance

• Risk register review and update
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Standard Reclamation Cost Estimator, 
Version 2.0, available at 
https://nvbond.org/manuals/

Useful Reference for Class 
5 and 4 Cost Estimates
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Incertidumbre y Decisiones de Cierre
Uncertainty and Closure Decisions

3 Uncertainty
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Uncertainty and Closure Decisions
Why and How
Uncertainty matters in terms of 
• Conceptualization of the physical system 
• Data gaps in site characterization

Conceptual models and site-specific data are
components of your knowledge base

To advance the closure planning process, you must 
assess how uncertainty could change your decisions

24
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Uncertainty and Closure Decisions
Examples
Should decisions wait until you address the data gap(s)?

If the record of surface water runoff for the facility or surface water run-on from 
upstream catchments is sporadic or non-existent, data collection must capture 
seasonality and wet/dry years.
Field trials of cover systems can become critical path activities 
for planning (no short cuts)
Water quality interpretation (fingerprinting) in groundwater systems can 
reduce uncertainty associated with lack of long-term data
Geochemical predictions, weathering impacts on rock strength, hydrogeologic
testing, erosion monitoring and modeling, etc.
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Uncertainty and Closure Decisions
Role of the Knowledge Base
• Have proper baseline and pre-mine data been collected? Is 

the data sufficient for evaluating closure needs? Does the 
data include proper documented QA/QC information

• Are the tools and/or methodologies in place to obtain 
additional information?

• Are relevant corporate standards incorporated?
• Have commitments and legal obligations of the company to 

relevant stakeholders been captures, as well as their 
expectations?

• Are appropriate data management protocols in place to 
ensure that data from activities such as ongoing monitoring 
and field trials are incorporated?

Excerpt from Section 3, Page 16, ICMM 2022, “Integrated Mine Closure, Good Practice Guide, 2nd Edition”. Link

If NOT, what is 
the impact on a 
closure plan 
decision…
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Métodos y Discusión
Methods and Discussion

4 Decision Analysis
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Closure Risk Assessment 
Informs Closure Decisions
Fundamentally connected. Throughout the Mining Life Cycle.

Figure 3 from Ricaurte J (2019), “Classifying closure scenarios through 
integrated planning at the Cerrojon mine in Colombia”  Mine Closure.
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Decision Analysis 
Context (CIM BC22)
Understand the overall context
• What decision are we making?
• Who is involved in the decision?
• What options are being considered?
• What are the evaluation factors?
• What are the required levels of option 

definition, preference transparency, and 
decision defensibility?

Only then you are ready to choose 
appropriate decision analysis method

Slide 5 from CIM ESRS Webinar Series (2022) “Lessons 
Learned from Tailings Decision Analysis”, April 13.

Problem Formulation
• Define Scope
• Identify stakeholders and decision-makers
• Select decision analysis process

Options Identification
• Opportunity framing
• Technology review
• Stakeholder suggestions

Technical Modeling
• Engineering studies
• Scientific studies
• Economic evaluation

Preference Modeling
• Values and Objectives
• Decision criteria
• Weighting

Decision Analysis
• MCDA or other method
• Sensitivity analysis
• Communication & Feedback
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Decision-Making about 
Decision-Making (CIM BC22)
Method Strengths Weaknesses
Cost-benefit 
analysis

Simple. Easily convertible to financial decisions Requires all considerations to be converted to monetary terms. 
Unable to reflect different perspectives

Pair-wise 
comparison

Simple. Allows consideration of many decision criteria Results are inconclusive unless one method clearly dominates 
the other. Unable to reflect different perspectives.

Conventional Multi-
Criteria Decision 
Analysis (MCDA)

Rigorous theoretical basis. Allows consideration of many 
decision criteria

Does not account for uncertainty in science, engineering and 
economic assessments

MCDA with 
uncertainty

Allows consideration of many decision criteria. Includes 
uncertainty in science, engineering and economic 
assessments

Rapidly becomes complex if there are too many uncertainties 
involved.

Multi-party MCDA Rigorous theoretical basis. Allows consideration of many 
decision criteria by many interested parties

Difficult to organize multiple stakeholders and to communicate 
clearly. Can be conflicts between parties. Rigorous treatment of 
uncertainty is onerous.

Internal MCDA Rigorous theoretical basis. Most efficient way to incorporate 
expected assessment by external interested parties

Does not directly consult external interested parties, and 
therefore runs risks of error and future opposition by 
interested parties.

Non-quantitative 
MCDA

Allows consideration of many decision criteria by many 
interested parties, using their own language

Need careful development of objectives that can be expressed 
in non-quantitative terms. Non-quantitative results are not 
readily amenable to sensitivity analysis.

Slide 13 from CIM ESRS Webinar Series (2022) “Lessons 
Learned from Tailings Decision Analysis”, April 13.
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Decision-Making about 
Decision-Making (CIM BC22)

Slide 13 from CIM ESRS Webinar Series (2022) “Lessons 
Learned from Tailings Decision Analysis”, April 13.

Table Notes:
Every row in this table should include the caveat “if executed correctly”
The most important point is understanding the weaknesses of each method. This will require more than just learning 
how to turn the crank…you may need to immerse yourself in some wonky decision analysis literature.
People tend to have favorite references specific to their technical fields. For a good introduction to above methods, 
consider Decision Behaviour Analysis and Support by Simon French, John Maule, and Nadia Papamichai, published 
by Cambridge University Press, 2009
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Closure Risk Assessment 
Informs Closure Decisions
Review closure alternatives for critical flaws (e.g., technical uncertainty, 
significant cost relative to other alternatives that offer similar risk reduction)

Viability Assessment
of Remedial Alternatives
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Example of Two-Stage 
Multi-Criteria Decision Analysis (MCDA)
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Stage 2 MCDA 
Decision Tree
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Viable Alternatives
Achieve closure objectives, including 
risk reduction and stakeholder 
engagement
Integrate different combinations of 
engineering controls
Represent different scenarios of 
high/low initial capital vs. long-term 
cost
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Evaluation Criteria
Criterion should have potential to 
meaningfully differentiate between 
remedial alternatives (e.g., increase 
or decrease in land disturbance)
Criterion should have a unique basis 
for evaluation (e.g., avoid using the 
same parameter to inform more than 
one criterion)
Consider each criterion as a “trade-
off” between alternatives
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Weighting Factors
Assign relative importance of 
each criterion
Opportunity to engage multiple internal 
and external stakeholder perspectives
Workshop method varies
Informs the sensitivity analysis

Down
Abajo

Up
Arriba
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Decision Analysis and Uncertainty
Complete analysis on base case inputs and identify 
recommended base case alternative

Assess
• Sensitivity of recommendation to different 

combinations of weighting factors
• Sensitivity of recommendation to criterion scores 

(testing error/uncertainty of inputs)
• Improvement of base case alternative by 

incorporating elements of other alternatives
• If non-cost criteria outcome changes the 

recommended base case
39



Decision Analysis and Uncertainty
Complete analysis on base case inputs and identify 
recommended base case alternative

Assess
Robustness of recommended base case alternative –
compare final “scores” – does recommendation change on 
weighting factor, criterion scores, and/or cost?
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5 Conclusions
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Conclusiones
Conclusions

Mine Life – Decades
Vida de la mina - Décadas

Post-Closure – Centuries
Post-Cierre - Siglos

Perpetual Care and Maintenance
Cuidado y mantenimiento perpetuos

Post Cierre Siglos

Improve our decisions for closure
Mejorar nuestras decisiones de cierre

Remember the LONG-TERM aspect of 
the decisions we make today

Recuerde el aspecto A LARGO 
PLAZO de las decisiones que 

tomamos hoy.
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Useful References

https://www.icmm.com/website/p
ublications/pdfs/environmental-
stewardship/2019/guidance_integ
rated-mine-closure.pdf

Part II Life-Cycle Planning, Chapter 16 Closure 
Planning and Landform Design, 2022

https://mining.ca/towards-sustainable-
mining/protocols-frameworks/tailings-
management-protocol/
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Useful Links – Conference Papers

https://tailingsandminewaste.com/past-tmw-conferences/

https://papers.acg.uwa.edu.au/f/mineclosure
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https://mining.mines.edu/mine-summit/

https://www.mtech.edu/mwtp/index.html
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Gracias

Terry Braun, M.S., P.E.
Managing Practice Leader
SRK Consulting (North America)

999 Seventeenth Street, Suite 400
Denver, CO  80202

tbraun@srk.com
LinkedIn
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