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Foreword O1




Acid rock drainage (ARD) and metal
leaching (ML) are critical challenges
within the mining and metals industry,
posing significant risks not only to the
environment but also to communities
around a mining operation, when not
effectively managed.

Tool for Acid Rock Drainage and Metal Leaching Prevention and Management

As the extent of mining continues to grow, to meet the
increasing demand for transition minerals and metals,
the potential for ARD/ML to contaminate water sources
and degrade land is an issue that must be addressed
urgently. Environmental impacts caused by poor
management can have devastating consequences for
surrounding communities, causing long-term ecological
damage and adverse effects on health and livelihoods.

Recognising the gravity of this issue, ICMM and the
International Network for Acid Prevention (INAP) are
proud to collaborate on this important guidance

aimed at accelerating progress in the prevention and
effective management of ARD/ML across the industry.
By increasing the accessibility of INAP’s highly regarded
Global Acid Rock Drainage (GARD) Guide for non-
specialists working across different functions in mining
companies, we hope to encourage a more integrated
approach to water stewardship underpinned by good
practice principles.

Particularly focused on preventing and controlling
ARD/ML at the source, the guidance highlights the
importance of better material characterisation and
handling, as well as early intervention throughout the
mining and processing lifecycle. This resource reflects
a shared commitment to responsible mining, advancing
principles that support a future where mining and
metals enhance sustainable development.

This initiative builds on ICMM’s recent action to support
a nature positive future, following the launch of our
Nature Position Statement in January 2024. We remain
dedicated to fostering collaboration and sharing
knowledge that will lead to better outcomes for both
the environment and communities.

We hope this guidance will help contribute to a future
where ARD/ML is effectively managed across the
industry, safeguarding our natural resources and
supporting the wellbeing of communities. Together, we
can forge a path toward sustainable mining practices
that protect our planet for generations to come.

Rohitesh Dhawan Dr Paul Brown
President and CEO, ICMM Board Chair, INAP



Water is integral to the healthy
functioning of the environment,
economy and to human wellbeing.
It is a precious shared resource that
everyone has the right to access,
underpinned by the United Nations’
Sustainable Development Goal 6 to
ensure access to water for all.
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The mining and metals industry interacts with water
across all stages of operations, from extraction, to
processing and transportation of minerals, to daily use
in dust control. The sector’s dependency and impact on
this shared resource represents a risk that requires
effective management through a water stewardship
approach. Therefore, mining and metals companies
must consider all potential impacts from operations on
the environment and communities close to sites at an
early stage of site-level planning and design
approaches that mitigate these risks.

One of these risks to water is acid rock drainage and/or
metal leaching (ARD/ML) — natural processes that occur
when sulphide minerals in rocks are exposed to air and
water, producing sulphuric acid. When waste material
that contains sulphide minerals is not managed in the
right way on mine sites, it can accelerate these natural
chemical processes and result in highly acidic water
which can leach metals from the rock into the
surrounding environment.

ARD/ML is preventable with proactive planning and so it
is also possible to reduce the environmental and social
impacts associated with it by implementing strong
water stewardship practices. Preventing and managing
the impacts of ARD/ML requires informed site-level
planning from the start of a mine's operation through to
its closure.



Our approach to water stewardship

Water stewardship is the use of water in ways that are
socially equitable, environmentally sustainable and
economically beneficial. Stewardship is essentially
about taking care of something that we don’t own, and
good water stewards recognise the need for a collective
response to the complex challenges facing this
precious resource that we all rely on.

Through ICMM’s Water Stewardship: Position
Statement, published in 2017, ICMM members have
committed to strong and transparent water governance,
effective water management at operations and
collaboration to achieve responsible and sustainable
water use.

To support these commitments, ICMM members have
worked collaboratively to address the challenges
associated with water stewardship across the mining
and metals industry, through developing ICMM’s
Water Reporting: Good Practice Guide (2021) and
Water Stewardship Maturity Framework (2023).

Most recently, ICMM and the International Network on
Acid Prevention (INAP) have collaborated to support
mining and metals companies to prevent and reduce
water pollution caused by ARD/ML from mines, with the
aim of ultimately safeguarding water quality and
reducing long-term remediation costs.

INAP was established in response to an identified
need to reduce the liability associated with sulphide
mine materials. INAP brings together the most recent
acid drainage experience and knowledge to build on
existing research, learn from the achievements and
challenges of others and benefit from expert peer
review on key acid drainage issues.

ICMM and INAP’s resulting Tool for Acid Rock

Drainage and Metal Leaching Prevention and
Management is a new resource to support the
implementation of INAP’s Global Acid Rock Drainage
(GARD) Guide in mining and metals operations by mine
personnel who have responsibilities for ARD/ML
prevention and management but are often non-
specialists and need to make decisions in a consistent,
efficient and practical manner.
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The GARD Guide is a globally applicable reference
document that provides a structured system to
identify and catalogue proven techniques and best
practice for characterisation, prediction, monitoring,
treatment, prevention and management of ARD.

It is a technical document designed primarily for a
scientist or engineer with background in chemistry
and basic engineering.

Specifically, the Tool helps to:

— facilitate a bridge between the guidance provided in
the GARD Guide and the site-specific actions that
often need subject matter expert input at an asset
level (see Figure 1).

— provide a practical tool that assesses and
summarises relevant ARD/ML prevention and
management information relevant at each asset
development stage.

— support and motivate non-specialists to efficiently
make asset-level decisions related to the
implementation of ARD/ML prevention and
management leading practices.
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Figure 1: Where the ARD/ML Tool offers support based
on the scale of implementation and the level of support
provided
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What is ARD/ML?

Acid rock drainage (ARD) is formed by the natural
oxidation of sulphide minerals when exposed to air

and water, producing sulfuric acid. When not managed
effectively, activities that involve the excavation of

rock that contains sulphide minerals, such as mining,
accelerate the process. ARD, neutral mine drainage
(NMD) and/or saline drainage (SD) may result from the
oxidation process through a series of reactions and
stages that typically proceed from near neutral to more
acidic conditions.

In the context of the GARD Guide, ARD, NMD and SD
are all end points in terms of water quality but they may
have different effects on the environment that might
necessitate different forms of prevention and
management.

Metal leaching (ML) refers to drainage that contains
elevated metals regardless of the conditions of acidity.
The term ARD/ML is used to encompass drainage that
is acidic with elevated metals, and/or drainage that is
neutral (or even basic) but has elevated metals.

ICMM | INAP
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Why does ARD/ML occur?

The principal process responsible for the generation of
ARD/ML is the weathering of sulphide minerals.
Weathering, or oxidation, of sulphide minerals occurs
naturally when exposed to atmospheric conditions,
either through geologic processes or anthropogenic
activities that involve exposure of material.

The most commmon sulphide mineral on earth is pyrite
(FeS,). Pyrite distribution, concentration and grain size in
host rocks typically are the most important factors
affecting acidic mine water production. Secondary
minerals can also form during sulphide oxidation. The
formation and dissolution of secondary minerals may
have deleterious effects on water quality because of
the release of additional acidity, sulphate and metals.

Mining and other forms of earthwork greatly accelerate
the weathering of sulphides because they create
conditions that tend to:

— facilitate the movement of air and water.
— expose large volumes of material.
— increase the surface area of the reactive component.

— create the opportunity for colonisation by
microorganisms that catalyse the oxidation
processes.

As a result, the potential environmental consequences
of mining and earthwork can be significantly more
noticeable than those from natural processes.
Additional detail on the sulphide oxidation process and
potential environmental consequences can be found in
chapter 2 of the GARD Guide.


https://www.gardguide.com/index.php?title=Main_Page
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Why is addressing ARD/ML so important?

ARD/ML can threaten the health of the receiving
environment including surface water, ground sediments
and soils which leads to a negative impact on nature
and biodiversity, resulting in habitat loss and
fragmentation, species loss or decreasing levels

of species abundance and richness.

ARD/ML formation is difficult to stop once it has been
initiated. If left unchecked, the process will continue
(and may accelerate) until one or more of the reactants
(sulphide minerals, oxygen and water) are exhausted or
no longer available. The process can continue to
produce impacted drainage for decades after mining
has ceased. In temperate or tropical climates with a
high rainfall, large volumes of ARD/ML can be produced,
frequently requiring extensive and expensive collection
systems, treatment plants and/or civil works.

It is possible for ARD/ML to cause a mine project to
become uneconomic and present mine owners with
technically challenging and expensive long-term

management issues. Failure to address ARD/ML can
impact a company’s social licence to operate through
financial, political and management issues such as:

— Unbudgeted closure liabilities with little or no internal
resources at the time of closure. These can include:

- commitment of capital resources to a mine that no
longer provides economic value.

- unbudgeted environmental remediation costs
- inability to relinquish the mine licence or divest
assets.

— Contaminated water resources with adverse
impacts on human health, flora and fauna.

— More stringent regulatory oversight and
requirements that may evolve over time.

— Loss of company image, public acceptance
and stakeholder trust.

— Loss of future mining opportunities.

Tool for Acid Rock Drainage and Metal Leaching Prevention and Management 9



The Tool consists of two components:

a user guide and a Microsoft Excel Tool.

The Tool itself is a system to support
the implementation of ARD/ML
prevention and management leading
practices. This section describes the
structure of the Tool as well as the
application and function as they apply
to the end-user.

Note to user: Macros must be enabled to
allow the Tool to function.

ICMM | INAP
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This user guide provides an introduction and overview
of the methodology behind the Tool as well as
information on its structure and application and the
various leading practice areas over which the Tool has
been developed.

Users of the Tool may be:
— mine site personnel with responsibilities for ARD/ML
management.

— non-specialists involved in ARD/ML management.

— personnel (asset or corporate level) challenged with
making ARD/ML related decisions in a consistent
and efficient manner.

Limitations

The Tool does not aim to train users to be ARD/ML
practitioners. It aims to provide sufficient support for the
user to direct and engage with a specialist to scope,
make decisions around, and execute the required work.

The Tool:

— provides general guidance. It will not provide a level
of advice equivalent to that of a technical specialist
or subject matter expert.

— does not replace the requirement for qualified
professional oversight.

— does not supersede a company’s internal processes
or checklists for study expectations at different asset
development stages.

— does not replace the requirement for internal,
external and/or regulatory auditing.

Download Excel Tool
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Tool structure

The Tool is designed around a framework containing six
asset development stages and seven leading practice
areas (Box 1) and is structured to differentiate between
external and internal controls and between corporate-
and asset-level decisions (see Figure 2).

The framework considers external influences such as
community needs and cultural sensitivities, industry
guidelines (GARD Guide/ICMM/Mine Environment
Neutral Drainage (MEND)), and regulatory regulations
and requirements (global/national/regional). External
influences are incorporated into the corporate-level
ARD/ML governance and strategy which clearly defines
accountability and responsibility for ARD/ML prevention
and management.

At the asset-level, the corporate strategy is translated
into objectives, standards and key performance
indicators (KPIs) that consider the individual challenges,
risks, and opportunities of the asset. An ARD/ML
management plan at asset level is developed
considering findings from characterisation and
prediction studies as well as environmental social
impact and baseline assessments. These are used to
make informed decisions on prevention and mitigation
strategies, in the context of the corporate- and asset-
specific risk tolerance.

Box 1

Asset development stages

1. Exploration
Design
Construction
Operations

Closure
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Post-closure

Leading practice areas
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Implement ARD/ML management plan

Monitor and assess performance

| Industry Regulatory
. External guidance requirements

Stakeholders and
community guidance

-

Adaptive Integrat

Legend

External
influence

: Iterative
-
Strategic

M Transparency
l and reporting
4 ARD/ML objectives,
standards, and KPlIs
Asset level
y ““ -
Assess Develop and refine A-""
performance il ARD/ML management plan

ed
management closure

Monitor Implement ARD/ML
Sl TTTPTTPITP TP TP TrIT >
performance management plan

«
R
o
5
0
K
K
K
K
B

Informed by:

- Environmental and social
impact assessment (ESIA)

- Baseline assessment

Material characterisation

- Mine water quality prediction

Integration with:

- Mine planning

- Water management and
planning

- Mine waste management
and planning

- Closure planning

Figure 2: Foundations of the Tool framework and influence of external and internal factors

Tool for Acid Rock Drainage and Metal Leaching Prevention and Management

il


https://www.gardguide.com/index.php?title=Main_Page

The leading practice areas and associated activities are
mapped against the asset development stages to
develop a matrix of support within the Tool, tailored to
the level of effort required during each of these stages
(see Figure 3). For an ARD/ML management plan to be
implemented effectively, it is essential for actions to be
integrated into water management, waste management
and closure planning. Performance is assessed via
monitoring programmes while adjustments to
monitoring, mitigation efforts, etc. are made through an
adaptive management process to meet asset objectives
and KPIs, which include (at a minimum) relevant
corporate and regulatory requirements.

The GARD Guide promotes a risk-based approach to
ARD/ML prevention and management. A review of ARD/
ML risks should be conducted in parallel with use of the
Tool to rank the potential ARD/ML hazard posed by
mining based on the inherent physical and chemical

setting of an asset. The ranking can then be used to
identify high-priority issues and properly allocate
resources to ARD/ML prevention and management.

At present, the Tool does not have the capability to
quantify risk through a hazard screening protocol.

This activity needs to take place outside the Tool. Risk
categories commonly included in such an evaluation
include the geology of the deposit, the scale of the
disturbance, the transport pathways for ARD/ML and
the likelihood that the receiving environment,

in particular water resources, may be impacted. An
example protocol can be found in Richards et al. (2006)'.

Given the multidisciplinary nature of ARD/ML, an expert
team covering a wide range of specific scientific,
engineering and management disciplines is required to
conduct a comprehensive ARD/ML hazard screening.

@ &©® & ® & @©

Figure 3: Support matrix for each asset development stage and leading practice area/activity

Leading practice areas | Leading practice activities | Asset development stages
=
c 2 %) g
o B c @
=] (4 o o
& c 2 b= o S
[e) () ‘g;') S = 1
= 2 5 g 8 g
o Q o o 3] &
. ARD/ML governance and Define ARD/ML governance and Yes
strategy strategy at corporate level
. ARD/ML objectives, standards Set ARD/ML objectives, standards Yes X \ .
and KPls and KPls at asset level = -
. Develop and refine ARD/ML Characterisation Limited Pea Yes Adap Adaptive
management plan
Prediction Limited Pes Adap Adaptive
Prevention, mitigation and Limited Do Adaptive | Adab Adaptive Yes
treatment
Monitoring programme plan Limited Yes Adaptive Adap Adaptive Yes
Development and integration with
mine, water, waste and closure Limited Yes Adaptive Adap Adaptive
plans
. Implement ARD/ML Integration with mine planning and Yes - Yes
management plan operations °
. Monitor and assess Transparer.\cy in data management Yes Do Yes Yes
performance and reporting
Continual improvement of Adaptive management
' ARD/ML practices \ED \ED LGS MED
. Integrated closure Integrated closure Yes Yes Yes Yes Yes

1. Richards, D G., Borden, R K, Bennett, J W, Blowes, D W, Logsdon, M J, Miller, S D, Slater, S, Smith, L and Wilson, G W. (2006). Design and Implementation of a Strategic Review of ARD Risk in
Rio Tinto. Proceedings of the 7th International Conference on Acid Rock Drainage, St. Louis, MO. https://www.researchgate.net/publication/237349960_DESIGN_AND_IMPLEMENTATION_
OF_A_STRATEGIC_REVIEW_OF_ARD_RISK_IN_RIO_TINTO_1
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Methodology

The Tool is designed to support decision-making when
implementing leading practices in ARD/ML prevention Select asset development
and management. It allows the user to select the asset stage
development stage and the desired leading practice
area and activity within a matrix format to generate
relevant decision support and guidance, as shown in Select ARD/ML leading

the workflow in Figure 4. practice area

The output includes:

— Examples of typical decisions being made. Select ARD/ML leading
practice activity

— Why they are important.

— The information required to support decision making.

Generate support
and guidance

— Technical and process considerations.

— Resources to consider during decision making.

Functions within the Tool allow different aspects and

guidance to be selected and collated for export to PDF.

This section of the Tool also provides space for the user

to populate project information and notes.
Figure 4: Operating the Tool to support
decision making
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Asset development stages

The first step when using the Tool is to select the asset development stage.
Six different options are available and should be selected based on the criteria presented in Table 1.

Table 1: Asset development stages as per the Tool

Asset Primary objective(s) Typical activities
development
stages
Exploration Discovery and delineation of the 1. Review of existing geologic information
extent of an economic ore deposit
P 2. Detailed surface reconnaissance
3. Subsurface investigations
Design Assessment of the economic viability 1. Development of plans including but not limited to: the mine plan,

of mining and processing

water management plan, closure plan or equivalent plans
2. Characterisation of baseline environmental and social site conditions

3. Completion of the environmental and social impact assessment,
mine permitting

4. Completion of pre-feasibility and feasibility assessments and design
of mine layout and facilities across the full life of the asset, including
closure and post-closure

Construction

Construction of facilities and
infrastructure for an operational mine

1. Construction of mine infrastructure

2. Construction of metallurgical processing, mine waste storage and
water treatment facilities

3. Ongoing integration of closure planning

(decommissioning)

Operations Extraction and processing of an ore 1. Mineral extraction and processing
deposit
P 2. Ore body dewatering
3. Use and expansion of mine waste storage facilities
4. Progressive closure and ongoing integration of closure planning
Closure Site closure (to the extent possible), 1. Site closure including:

re-establishment of pre-mining
conditions and/or conditions suitable
for post-mining land use

a. Decommissioning and removal of infrastructure
b. Remediation of site contamination

c. Workforce and social transition activities

d. Establishment of post-closure land uses

2. Management of residual risk, which may include ongoing water
management

Post-closure

Land use commensurate with owner
and other stakeholder expectations
and adjacent land uses, and
management of any long-term
environmental impacts

1. Applicable monitoring (e.g. water quality)
2. Asset redevelopment for asset transition as applicable
3. Possible ongoing water management, which may include treatment

4. Long-term monitoring and maintenance of mine water storage
facilities

ICMM [ INAP
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Leading practice areas and activities

The second step in using the Tool is selecting the required leading practice area and activities.

See Table 2 and Table 3.

Table 2: Description of leading practice areas in the Tool

Leading practice areas

Description

ARD/ML governance and strategy

Building accountability and direction at a corporate level, including strong internal governance
on ARD/ML risks, clear accountability, clear direction on ARD/ML prevention and
management, and integration with corporate ESG considerations across all asset
development stages including closure and post-closure

ARD/ML objectives, standards and KPIs

Setting suitable asset-level ARD/ML targets and review requirements. Targets or success
criteria must be SMART (specific, measurable, achievable, relevant and time bound) and
should be defined based on regulatory requirements, stakeholder inputs, and the company's
internal risk tolerance

Develop and refine ARD/ML
management plan

Building a robust understanding of ARD/ML by quantifying and predicting ARD/ML risks using
geochemical characterisation and modelling, as well as selecting appropriate ARD/ML
prevention and mitigation measures

Implement ARD/ML management plan

Building an effective and complete response to ARD/ML through definition of targets and
KPls, and implementation of a suitable management plan; fully integrating ARD/ML
management, prevention and mitigation with all aspects of mine planning and operations
across all asset development stages; and ensuring innovation and resiliency are at the core of
mine operation and integrated closure planning and activities

Monitor and assess performance

Building and maintaining operational excellence via effective prevention and management of
ARD/ML risks to meet asset ARD/ML KPlIs, regular measurement and performance
assessments within adaptive management processes, and regular reporting of ARD/ML
management performance at asset and corporate level

Continual improvement of ARD/ML
practices

Developing and implementing adaptive management processes while identifying and
implementing opportunities for continual improvement

Integrated closure

Taking actions to ensure the concept of ‘design for closure’ is applied across all mine and
process facilities that have an ARD/ML potential and is considered at all asset development
stages; applying adaptive management processes across all asset development stages to
manage closure liabilities associated with ARD/ML

Table 3: Description of leading practice activities under leading practice areas in the Tool

Leading practice activities

Description

Characterisation

Actions to complete the characterisation of all potential ARD/ML sources at a level that is
sufficient for the prediction of drainage chemistry, identification of potential environmental
impacts, and evaluation of prevention/mitigation/treatment alternatives

Prediction

Actions to predict drainage chemistry from all relevant mine components and how to
incorporate data into a site-wide water quality assessment to allow for the evaluation of
effective ARD/ML strategies and infrastructure at the asset level

Prevention, mitigation and treatment

Actions to select and implement effective ARD/ML prevention, mitigation or treatment
measures that will meet ARD/ML KPIs based on a risk-based evaluation

Monitoring programme plan

Actions to put in place asset-appropriate ARD/ML monitoring and adaptive management plans;
monitoring activities to generate appropriate data to assess the performance of ARD/ML
prevention or mitigation measures against company KPIs and objectives

Development and integration with mine,
water, waste and closure plans

Actions to ensure the ARD/ML management plan is connected at asset level to the mine plan,
mine waste and mine water management plans, and closure plan that are updated as part of
ongoing, asset-level adaptive management

Tool for Acid Rock Drainage and Metal Leaching Prevention and Management 15



Generate support and guidance

The Tool is designed to auto-populate with guidance
for the user once a selection is made in the matrix of
asset development stage, leading practice area and
leading practice activities (see Figure 5).

The Tool has several functions to enhance usability
and functionality as well as tailor it to a specific site.
For example, the generated guidance can be added

to a generated support tab via the button function
which allows multiple sections of guidance from
differing matrix selections to be viewed in a table.

The generated support tab also allows the user to add
project information and user notes to be added before
exporting the file as an Excel document.

Individual guidance sections (i.e. from one selection on
the matrix) can also be exported directly as a PDF.

Leading practice areas | Leading practice activities | Asset development stages
Exploration Design Construction | Operations Closure Post-closure

ARD/ML governance and Define ARD/ML governance and O
strategy strategy at corporate level
ARD/ML objectives, standards, Set ARD/ML objectives, standards O
and KPIs and KPIs at asset level
Develop and refine ARD/ML Characterisation O ()
management plan

Prediction O ()

Prevention, mitigation and

treatment O o

Monitoring programme plan O O

Development and integration with

mine, water, waste and closure O O

plans
Implement ARD/ML Integration with mine planning and O O
management plan operations
Monitor and assess Transparency in data management O O
performance and reporting
Continual improvement of Adaptive management O O
ARD/ML practices
Integrated closure Integrated closure O O O O O

Level of effort

Limited Yes Peak Adaptive

Figure 5: Tool for acid rock drainage and metal leaching prevention and management matrix
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Examples of how to use the Tool

The Tool can be used in a variety of different ways to suit
the user and specific asset functions. Table 4 details some

example scenarios in which it could be applied.

Table 4: Examples of how the Tool could be applied

Scenario

Tool application

A mining company is in the exploration stage at its
asset. The planning team is considering how the drill
core they are collecting for mineral resource assays
could also be used to support early evaluations of
ARD/ML potential.

1. Consult ‘ARD/ML governance and strategy’ and ‘ARD/ML objectives,
standards and KPIs’ for the asset, if already defined.

2. Determine potential to proactively collect data to support ARD/ML
assessments: User selects the ‘Develop and refine ARD/ML management
plan — Characterisation’ leading practice activity for the exploration asset
development stage.

A mining company is in the design stage at its asset.
The characterisation and drainage prediction
activities to date have identified an ARD/ML risk
associated with some of the anticipated waste rock
lithologies. The planning team is considering how to
incorporate appropriate prevention and mitigation
strategies for the waste rock storage areas into the
mine design and closure planning.

1. Consult ARD/ML objectives, standards and KPIs for the asset.

2. Evaluate options for early avoidance or mitigation of ARD/ML issues through
integrating characterisation and prediction results with mine planning,
design, water, waste and closure planning strategies: User selects the
‘Develop and refine ARD/ML management plan — Prevention, mitigation and
treatment’ leading practice activity for the operations asset development
stage.

A mining company is in the early operations stage at
its asset. Potentially acid generating rock has started
to be placed, per the ARD/ML management plan,

in a waste rock storage area that has been designed
to minimise infiltration and oxygen ingress. The
operations team wants to assess the performance
of the control systems on an ongoing basis.

1. Consult ARD/ML objectives, standards and KPIs for the asset.

2. Consult the ARD/ML management plan and its associated monitoring plan
and execute the described monitoring programme.

3. Compile and interpret the collected monitoring data to assess if the evolution
of ARD/ML under the applied control measures is developing in accordance
with model predictions and how well the ARD/ML management plan is
performing against expected performance values: User selects the ‘Monitor
and assess performance’ leading practice activity for the operation’s asset
development stage.

4. If the performance assessment results indicate the performance objectives
are not being met, initiate adaptive management: User selects the
‘Adaptive management’ leading practice activity for the operation’s asset
development stage.

A mining company is responsible for legacy mining
assets that were operated and closed prior to
current operating assets. The ARD/ML risks
associated with the legacy assets are not known
and have not been quantified. The closure planning
team wants to know how to assess and quantify the
ARD/ML risks.

1. Define ARD/ML objectives, standards and KPIs for the legacy asset: Use the
‘Set ARD/ML objectives, standards and KPIs at asset level’ practice activity
during the design asset development stage in combination with relevant
corporate ARD/ML governance and strategy to define feasible ARD/ML
objectives, standards and KPIs for the legacy assets.

2. Identify ARD/ML risks associated with a legacy asset: Use a combination of
decision support provided in the ‘Develop and refine ARD/ML management
plan — Characterisation’ leading practice activity for the exploration and
design asset development stages to assess available ARD/ML related
information and define ARD/ML risks.

3. Assess the need for characterisation and prediction: User selects the
‘Develop and refine ARD/ML management plan — Characterisation and

prediction’ leading practice activities for the design asset development stage.

Tool for Acid Rock Drainage and Metal Leaching Prevention and Management
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A mining company decides to expand an existing

mining operation and establish an expansion project.

The project planning team wants to know how to
assess and quantify the ARD/ML risks associated
with the expansion and how to integrate the project
into the operational ARD/ML management plan.

Identify ARD/ML risks associated with the expansion project: Use a
combination of decision support provided in the ‘Develop and refine ARD/ML
management plan — Characterisation’ practice area for the exploration and
design asset development stages to assess available ARD/ML related
information and define ARD/ML risks.

Assess the need for characterisation and prediction: User selects the
‘Develop and refine ARD/ML management plan — Characterisation and
prediction’ leading practice activities for the design asset development stage.

Assess sufficiency and/or adjustments to existing prevention, mitigation or
treatment strategies in the ARD/ML management plan by selecting the
‘Develop and refine ARD/ML management plan — Prevention, mitigation and
treatment’ leading practice activity for the construction and operations asset
development stages.

Integrate ARD/ML risks associated with the expansion project into the
operational ARD/ML management plan: User selects a combination of
decision support from the ‘Development and integration with mine, water,
waste and closure plans’ leading practice activity for the design and
operations asset development stages. In addition, ensure implementation of
the revised ARD/ML management plan by considering the decision support in
the ‘Implement ARD/ML management plan — Integration with mine planning
and operations’ leading practice activity for the operations asset
development stage.

A mining company is considering the expansion of
an existing haul road that requires a substantial
volume of construction materials. The mine planning
team wants to know if the ARD/ML potential of the
source materials for construction use needs to be
assessed and to what level of detail.

If this is not specified in the existing ARD/ML management plan, the decision
support in the ‘Develop and refine ARD/ML management plan —
Characterisation’ leading practice activity for the design asset development
stage can be used to determine the requirement for characterisation.

Determine the required level and type of characterisation by using the
decision support in the ‘Characterisation’ leading practice activity for the
design asset development stage.

ICMM [ INAP
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Key terms and definitions

05

Acid mine drainage (AMD) A term commonly used as being synonymous with ARD. Use of AMD is discouraged because it implies
that acid drainage originates from mining activities alone. However, acid drainage can result from a variety
of natural sources and anthropogenic activities; therefore, AMD is too narrow a descriptor for many
situations. In Australia, the term acid and metalliferous drainage (AMD) is used as a synonym for ARD.

Acid rock drainage (ARD) ARD is the product of sulphide mineral oxidation and characterised by elevated sulphate and acidic pH

(pH<6). Often associated with metal leaching, generating elevated concentrations of metals (which may
also occur without acid conditions).

Circumneutral pH

A nearly neutral pH between 6.5 and 7.5.

Detailed design

Detailed design involves creating comprehensive specifications for every aspect of the project and
typically follows the front-end engineering design (FEED) and basic engineering stages. Specifications
include: (1) diagrams and drawings (detailed blueprints for construction, civil works, instrumentation,
control systems and electrical facilities); (2) management of suppliers (coordination and procurement of
equipment and materials); (3) scheduling and costs (detailed timelines and cost estimates for project
activities); and (4) environmental impact statements (confirmation of measures to ensure compliance with
environmental commitments and regulations).

Feasibility study

A comprehensive technical and economic study of the selected development option for a mineral project
that includes appropriately detailed assessments of relevant operational, environmental, market, legal,
economic, social and governmental factors and detailed financial analysis across all asset development
stages that are necessary to demonstrate, at the time of reporting, that extraction is reasonably justified
(economically mineable). The results of the study may reasonably serve as the basis for a final decision
by a proponent or financial institution to proceed with, or finance, the development of the project.

The confidence level of the study will be higher than that of a pre-feasibility study. Feasibility study
results are often used to support parallel permitting studies.

GARD Guide

The Global Acid Rock Drainage (GARD) Guide addresses the prediction, prevention and management of
drainage produced from sulphide mineral oxidation.

Metal leaching (ML)

ML is drainage that contains elevated concentrations of metals in solution regardless of the conditions
of acidity.

Neutral mine drainage
(NMD)

NMD results from sulphide oxidation and is characterised by elevated metals concentrations in solution at
circumneutral pH (pH 6.5-7.5).

Oxidation process

This is a chemical weathering process that occurs when oxygen or another oxidant reacts with minerals
in rocks.
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Pre-feasibility study

A comprehensive study of a range of options for the technical and economic viability of a mineral project
that has advanced to a stage where a preferred mining method is established, and an effective method of
mineral processing is determined. It includes a financial analysis and the evaluation of any other relevant
factors which are sufficient for a qualified person, acting reasonably, to determine if all or part of the
mineral resource may be converted to a mineral reserve at the time of reporting. A pre-feasibility study
has a lower confidence level than a feasibility study. Results from a pre-feasibility study are often used to
support parallel permitting studies.

Saline drainage (SD)

SD results from sulphide oxidation and contains high levels of sulphate (> 1000 mg/L sulphate) at neutral
pH (pH > 6) without significant dissolved metal concentrations (< 1000 mg/L total metal content).

Scoping study

A preliminary assessment to identify the scope, range and nature of a project or asset that could include
engineering and scientific analyses or economic analysis of the potential viability of mineral resources.

Sulphide mineral

A mineral compound of sulphur with one or more metals, for example, pyrite (FeS,), chalcopyrite (CuFeS,)
or galena (PbS).

Water stewardship

The use of water in ways that are socially equitable, environmentally sustainable and economically
beneficial.

Weathering

The process of deterioration or degradation which can have a biological, chemical or physical origin.

Common abbreviations

AMD Acid mine drainage
ARD Acid rock drainage
ARD/ML Acid rock drainage/metal leaching
INAP International Network for Acid Prevention
KPI Key performance indicator
NMD Neutral mine drainage
ML Metal leaching
SD Saline drainage
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ICMM stands for mining with principles.

We bring together a third of the global metals and
mining industry, along with key partners to drive
leadership, action and innovation for sustainable
development, ultimately delivering a positive
contribution to society.

Through collaboration, ICMM member companies
set the standard for responsibly produced minerals
and metals in a safe, just and sustainable world.

Disclaimer

This publication contains general guidance only and should not be relied upon as a
substitute for appropriate technical expertise. Although reasonable precautions have
been taken to verify the information contained in this publication as of the date of
publication, it is being distributed without warranty of any kind, either express or implied.
This document has been prepared with the input of various International Council on
Mining and Metals (ICMM’) members, International Network for Acid Prevention (‘INAP’)
members, and other parties (the ‘Consortium’). However, the responsibility for its
adoption and application rests solely with each individual member company. At no stage
does the Consortium or any individual company accept responsibility for the failures or
liabilities of any other member company, and expressly disclaims the same. Each
Consortium member company is responsible for determining and implementing
management practices at its facility, and the Consortium expressly disclaims any
responsibility related to determination or implementation of any management practice.

Each Consortium member company is responsible for determining and implementing
management practices at its facility, and the Consortium expressly disclaims any
responsibility related to determination or implementation of any management practice.
Moreover, although the Consortium and their members are committed to an aspirational
goal of zero fatalities at any mine site or facility, mining is an inherently hazardous
industry, and this goal unfortunately has yet to be achieved.

In no event shall the Consortium (including their officers, directors, and affiliates, as well
as its contributors, reviewers, or editors to this publication) be liable for damages or
losses of any kind, however arising, from the use of or reliance on this document, or
implementation of any plan, policy, guidance, or decision, or the like, based on this
general guidance. The Consortium, their officers, and their directors expressly disclaim
any liability of any nature whatsoever, whether under equity, common law, tort, contract,
estoppel, negligence, strict liability, or any other theory, for any direct, incidental, special,
punitive, consequential, or indirect damages arising from or related to the use of or
reliance on this document.

The responsibility for the interpretation and use of this publication lies with the user (who
should not assume that it is error-free or that it will be suitable for the user’s purpose)
and the Consortium. The Consortium’s officers and directors assume no responsibility
whatsoever for errors or omissions in this publication or in other source materials that
are referenced by this publication, and expressly disclaim the same.

Except where explicitly stated otherwise, the views expressed do not necessarily
represent the decisions or the stated policy of the Consortium, their officers, or their
directors, and this document does not constitute a position statement or other
mandatory commitment that members of the Consortium are obliged to adopt.

The Consortium, their officers, and their directors are not responsible for, and make no
representation(s) about, the content or reliability of linked websites, and linking should
not be taken as endorsement of any kind. The Consortium have no control over the
availability of linked pages and accept no responsibility for them.

The designations employed and the presentation of the material in this publication do
not imply the expression of any opinion whatsoever on the part of the Consortium, their
officers, or their directors concerning the legal status of any country, territory, city or
area or of its authorities, or concerning delimitation of any frontiers or boundaries. In
addition, the mention of specific entities, individuals, source materials, trade names, or
commercial processes in this publication does not constitute endorsement by the
Consortium, their officers, or their directors.

This disclaimer should be construed in accordance with the laws of England.
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