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\ Acid and metalliferous drainage

International Network for Acid Prevention (INAP)

Acid and Metalliferous Drainage (AMD) is one of the most
serious and potentially enduring environmental problems for the
mining industry.

Left unchecked, it can result in such long-term water quality
impacts that could well be this industry’s most harmful legacy.

Effectively dealing with AMD is a formidable challenge as
indicated by the high liability cost carried by many mining
companies.

WWWw.inap.com.au
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\ Acid and metalliferous drainage (AMD)
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Lead, copper and nickel mines (Sonter et al. 2018)

* Acid and
metalliferous
drainage (AMD)
typically occurs due
to mining and
processing of base
ores (e.g copper,
zinc, nickel, gold)
and coal

* Watersimpactedby
AMD can have pH 2

(~ lemon juice)
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\ Iron cycling and acidity

https://www.usgs.gov/mission-areas/water-
resources/science/mine-drainage

https://mining-report.de/english/predicting-acid-mine-drainage-past-present-future/

CRC #TiME

Transformations in Mining Economies



\ Acidity and mining

* International Network for Acid
Prevention (INAP)

e Started in 1998

* GARD Guide (2009) — Best
practice guide for prevention of
AMD.

INAP 2019
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Why has acid and metalliferous drainage (AMD) been such an
l intractable issue?

What can be done about it?

* AMD impacts from operational and closed mines continue to
grow.

 Strategies for AMD prevention or mitigation struggle to meet
evolving stakeholder expectations.

* How can we help closure teams better make a case for
responsible management of AMD across the mining life
cycle?

CRC #TIME
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lWho we are

UWA Project Team Partners

Professor Carolyn Oldham University of Queensland
CSIRO
Flinders University
MRIWA
Ms Ana Singh FMG
Rio Tinto
Golder
BHP
Sustainable Solutions
South32
Dept Water and Environmental Regulation, WA
Dept Natural Resources, Mines and Energy, QLD

Dr Lisette Kanse

Dr Chantal Bourgault
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\ What we did

Global stakeholder

workshops
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1.91‘]20‘::"“ o AB@2a

hﬂﬂﬂﬂﬂﬂﬂ
9[9]6]9 SIS
e e
L QP Research centers
LAHERDEE m Consulting
CEEE0E
19]9]19[¢|9[™19)]
ﬂgggg m Community
AMD Collaborative"l;ialogue Workshops -ﬂﬂ[] 9] representatives
Why has acid and metalliferous drainage (AMD) been BEEEE 2 > m Industry
such an intractable issue and what can be done about it? ‘[][}[ ]u[}.
B
BEA0A a8 \

(oY) THE UNIVERSITYOF  Workshep Opion I Tundoy oy 18° PERER o wd Map Satellite i L associations
WESTERN ‘. B2 .
A=/ AUSTRALIA -

HEREIREaw ' ¢

CRC
¢TiME R
(" "“"" Y Regulatory agency

P G A Tt e

1% e wana v ! m Industry

Map data 2021 Terma of Use

Google l ~ C RC 4 Ti M E

Transformations in Mining Econémies




\ What we did

Thematic analysis of

workshop discussions

. +
2 . g There are clear linkages
«+—The scienceisnota «—— R
Themes? ; between opportinities and
wicked problem s i @
issues in this area
Issues?
® «®; %9, Lack of scienzt?fzzunderstandin
. =P, Lack of comprﬁeoneizsive stakeholder Lack of clarity around Challenges aligning sci d : e (enhancinggthe
Emerging focus areas  Poor decision making via unsuitable engagement and collaboration accountability and internal values operations for decisi Sunthesis of issues (second round session 2) science)
metricsitoolsimodels currently used (extenral focus) EDETTER ES CITEREE
y
Emerging key result areas i 9, «®, 5, 2 Soupt;(?céntrol
z MeelingHieLonatom Standards, Governance and Educate and inform commtinicationiand iati "
objective - residual risk roaulation professionals collaboration remediation and valiue
g p opportunities
@

Potential focus areas
from opportunities?



l Wh
at we found
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\ What we found

Issues — core themes

Need for improved Challenges
scientific aligning science

understanding of and operations
deposit knowledge J| decision making

Need for greater
alignment of
accountabilities

Need for better
stakeholder
engagement and
collaboration

Poor decision
making due to
unsuitable metrics /
tools / models
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\ What we found

Opportunities — core themes

Develop a
common
language across
professional
teams

Improve knowledge
of source control,

remediation and
value opportunities

Enhance
standards,
governance and
regulation

Enhance
communication
and collaboration
with communities

Quantify residual
risk to improve the
business case

CRC #TiME
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\ What we found

Table 1 Links across issue and opportunity themes.

11. Need for 12. Challenges
improved aligning
scientific science and
understanding or  operations for
deposit decision

Issues | [ making
(enhancing the (internal
biophysical focus)
science)

Opportunities
O1. Improve
knowledge of
source control,
remediation and
value
opportunities

03. Enhance
standards,
governance and
regulation

04. Enhance
communication
and collaboration
(external focus)
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\ What we found

Table 1 Links across issue and opportunity themes.

11. Need for 12. Challenges I5. Poor
improved aligning decision
scientific science and making via
understanding or  operations for unsuitable
deposit decision metrics /
Issues | making tools /
(enhancing the (internal models
biophysical focus) currently
science) used

Opportunities
O1. Improve
knowledge of
source control,
remediation and
value
opportunities

03. Enhance
standards,
governance and
regulation

04. Enhance
communication
and collaboration
(external focus)
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\ What we found

Table 1 Links across issue and opportunity themes.

11. Need for 12. Challenges
improved aligning
scientific science and
understanding or  operations for

deposit decision
Issues | making

(enhancing the (internal

biophysical focus)

i A. Enhancing the business case for AMD management

Opportunities

O1. Improve

e B. Engagement, communication and education.
remediation and

value

S C. Standards and governance.

e D. Understanding the science of AMD.

standards,
governance and
regulation

04. Enhance
communication
and collaboration
(external focus)




\ What we found

< Mandate l Movement >
Level 4
Level 3
Level 1 Level 2
COMPLIANCE PROGRAMMATIC LEADER-LED INTEGRATED
w
=1
8 . . o Leveraging internal culture to
Compliance with regulatory Increasing voice of closure Addressing internal cultural create community and

%_ requirements team barriers to sustainable closure business value
-
H Legal team Closure team Business leaders
E
8

Specialist closure team established *+ Sustainable closure is a personal * Working towards closure is
8 * Closure seen as a problem to Indicators for successful closure priority for CEO and Executive team. mainstreamed, incorporated into
k3 be managed understood by closure team * More sophisticated understanding KPIs
& * Actions are reactive Ad-hoc or stand along initiatives of closure risks and opportunitiesby ~ « Shared commitment across T
§ ’ :usur:ess :ase forclosuranot undertaken leaders organization to sustainable closure. e o
g evelope Business case for closure * Systemic cultural barriers surfaced * Integration into all aspects of the - -
£ developed but not understood  Strategy for cultural change created organization — behaviours
i within organisation_ and growing resistance managed structures and systems

Modified from Deloitte 2018

Resistance exists inside to
organization

Organisational KPIs don’t align with
closure objectives

« Leaders / managers are committed, .

and their KPIs are aligned with long
term closure objectives.

External brand aligns with internal
values
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\ Where to from here

Short Term (0-3 years) Medium Term (3-6 years)

Enhancing the business case for improved AMD management

Develop methodologies to support the required Improve frameworks to adequately quantify risks and
transitions in organization maturity relating to mine opportunities throughout mine-of-life, particularly for
closure generally, and AMD management specifically. mine closure planning and associated residual risks.

Undertake a case study audit of KPIs and their
timeframes, across the whole of business, identifying
where conflicts arise for AMD management.

CRC #TiME
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\ Where to from here

Short Term (0-3 years) Medium Term (3-6 years)

Educate and inform cross-disciplinary professional teams

Identify skills needs and education required to Deliver educational resources for cross-
capture closure challenges in the business case for disciplinary teams, to facilitate a shared
improved AMD management. understanding of AMD risks.

CRC #TiME
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\ Where to from here

Short Term (0-3 years) Medium Term (3-6 years)

Understand community aspirations for AMD-affected lands

Explore how to improve traditional owner and
community awareness of AMD.

Explore opportunities for two-way science with
traditional owners of AMD-affected lands.

Use traditional owner and community aspirations
for the future use of AMD-affected lands, to drive
AMD and closure research.

Develop effective AMD communication
resources with adequate language and messages
for different stakeholder groups, based on their
concerns.

Develop platforms to share (anonymised)
operational data for benchmarking and to
improve community and investor engagement.

Select demonstration sites and develop case
studies of both failures and success in AMD
management and the relinguishment of AMD-
affected land. /

CRC TIME
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l Where to from here

Short Term (0-3 years) Medium Term (3-6 years)
Enhance standards, governance and regulation
Develop approaches for governance of regional- Review and evaluate the decision-making
scale AMD management, with consideration for processes that underlie the existing permitting
cumulative impacts on regional economies. conditions with respect to AMD (water
pollution).
Assess operational and regulatory barriers that may
limit social and environmental monitoring and Develop new regulatory approaches that can be
reporting, and the associated liabilities. used to improve outcomes, based on specific

site-level environmental constraints.




[ Where to from here

Short Term (0-3 years) Medium Term (3-6 years)

Improve knowledge of source control, remediation and value opportunities

Improve our understanding of source control and Develop predictive models of current and future AMD
materials handling through accurate forecasting of AMD.  risk, to support long-term AMD governance.




\ Implications

Insight into socio — economic — political barriers to implementing
acidity reduction approaches throughout life of mine

Clarified where CRC TiME can contribute to the issue

Our findings are being embedded within CRC projects e.g. pit lakes
project

Work on organisational cultural change will require strong
engagement with partners.

Understanding aspirations of mining communities will require
strong engagement with communities

Demonstrated of the usefulness of open space technology
approaches on contested issues.




THANK YOU

www.crctime.com.au

carolyn.oldham@uwa.edu.au

Lake Kepwari, relinquished coal pit lake, Collie WA




