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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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Introduction

This document includes case studies and a bibliography provided by working group members and has
been separated from the standard so that development of the two documents proceeded in parallel.
These resources provide supporting information and illustration of various aspects of the managing
mining legacy standard. While expanding upon some of the content of the guidance of the standard, it
cannot be assumed that a particular strategy that was applied in one context is directly applicable to
another. Not every clause in the standard has a corresponding case study. Instead, clause activities are
revealed in an integrated way as they occur in practice within these cases. In addition to descriptive
hse studies, there are some table-format case studies toward the end, that illustrate how inyentories
cqn be structured and developed. The bibliography expands the resources available to those [applying
[§0 24419-1. This bibliography is not fully comprehensive of all global regions but instead are itnportant
and relevant at the time of preparation of the standard. As management of mining |legacies evolves,
fErther resources are likely to emerge. It is up to the user to adapt and apply theirjunderstandings of
the ISO 24419-1 standard and this Technical Report to local circumstances.

(@)
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Mine closure and reclamation - Managing mining
legacies —

Part 2:
C 1 { bhibli ]
1l Scope

This documentis a supplementary document to the International standard for managing mining legacies
(ISO 24419-1) that provides illustrative case studies and resources providing+further reading. The
cpntent provided in this document covers various regions of the world as a supplement to 1SO|24419-1.
The purpose is to provide insight into specific case studies that show how{ractitioners have agldressed
njining legacy challenges in practice. This document does not provide instructions for managinig mining
lggacies, but instead a resource with insights from other practitioners,-thereby widening knowledge of
what can be required to effectively manage mining legacies.

Normative references

pnstitutes requirements of this document. For dated references, only the edition cited applies. For

2
The following documents are referred to in the text invsuch a way that some or all of their content
c
uhdated references, the latest edition of the referéficed document (including any amendments) applies.

I§0 24419-1, Mine closure and reclamation .-, Managing mining legacies — Part 1: Requirements and
r¢commendations

W

Terms and definitions

1]

br the purposes of this document, the terms and definitions given in ISO 24419-1 apply.

p—

§0 and IEC maintain terminology databases for use in standardization at the following addregses:

- ISO Online browsing platform: available at https://www.iso.org/obp

- [EC Electropedia: available at https://www.electropedia.org/

Design'engagement process for the Giant Mine remediation project,
llowKknife Northwest Territories, Canada

This case study describes stakeholder engagement and consultation for management of a large
mining legacy by the Canadian Government to addressing the historic legacy whilst also developing a
collaborative engagement process. See Reference [32].

4.2 Recognition of a problem that needed to be resolved

In 1999, the Giant Mine went into receivership and subsequently became an abandoned mine under
the responsibility of the Government of Canada. The roughly 50 years period of gold mining resulted in
significant disturbance to the land and water, and severe impacts on the health and lifestyles of local
people, especially Indigenous groups. The project developed an initial remediation plan for the site in
2007 that failed to receive wide spread public support and a subsequent Environmental Assessment

©1S0 2023 - All rights reserved 1
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raised significant public concerns. In 2014, the project team concluded that the remediation plan
required a more meaningful engagement process with stakeholders in order to build public trust and
obtain support for the management and remediation of the abandoned mine.

4.3 Steps involved and expertise/stakeholders involved

In late 2014, the project proposed a 2 year engagement process to stakeholders that involved a series
of multi-day workshops. Stakeholders had a large role in developing the engagement process and
ensuring the process would be meaningful to them. The series of meetings, reports and workshops
addressedpubliced S o o o

risk ass

----- e

were noff meaningfully engaged on what happened at Giant Mine for almost all of its operating|life. More
effective] engagement could not address all the wrongs in a 50 year history, but it could contribute to
reconciliation and a different future. Participants in the engagement process were asked to remembér
the pastpnd its lessons, but to focus on how the Giant Mine could be managed in the/future.

4.4 Evpluation of performance of this initiative

Since thg completion of the engagement process in 2016, the stakeholder evaluation results have begn
used by the Government of Canada in selecting closure options for Gian®Mine. Key decisions informgd
by the g¢ngagement included the selection of closure options for<open pits, tailings areas, wat¢r
managethent and future land use. Many of these options differed significantly from the initial closure
plan and|the decisions made based on engagement were communicated back to stakeholders.

A favourjable outcome of the engagement process is that while the final plan could not reflect every
stakeholfder group’s first choice for closure, there was anunderstanding of the many other perspectivgs
that neefl to be considered in selecting closure options‘and the management of abandoned mines. The
engagenijent process significantly increased stakehelder understanding of the mine and improved the
project’s|relationship with stakeholders.

The revised Giant Mine Closure Plan was resubmitted for regulatory review and resulted in publjc
support peing voiced for the plan by stakéeholders. Regulatory approval for the remediation of the Giant
Mine is gxpected in August 2020, over 20 years since the site was abandoned by its last owner.

4.5 Kay learnings for others

The Giarfit Mine demonstrated-the importance of incorporating meaningful stakeholder input into dll
aspects ¢f an abandoned/mine, from planning, option selection, through to long-term care, in order {o
ensure stakeholder coficerns are addressed. This is particularly important where there is a difficullt
historicql legacy, thatifleft unaddressed, can make moving the project forward and securing regulatory
and other approvals‘difficult.

5 Mininglegacy program performance evaluation and reporting — British
Columbia (B€) €Camada

5.1 General

Performance reporting on a mining legacy program is part of the Crown Contaminated Sites Program
(CCSP) in BC, Canada. This program was restructured following on Auditor General report that
recommended improvements to accountability and transparency and overall performance of the
program. This case study is largely drawn from Reference [12]. Later performance reports on the BC
program indicate that about 80 % of the sites in this program are mining legacies - see References [10]
and [11].

2 © IS0 2023 - All rights reserved
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5.2 Recognition of a problem that needed to be resolved

The purpose of the Auditor General’s audit was to assess whether the Province had an adequate program
for managing its contaminated sites and whether it was adequately accounting for its performance.

Specifically, they examined whether the provincial government had:

— established an adequate governance framework;

— gathered appropriate information to develop management plans and to supportresource allocations;

and

— accounted adequately for its overall performance.

.3 Steps involved and expertise/stakeholders involved

bllowing up on the audit, recommendations were made (Clause 5) and the prdgram was restr
link is provided to performance reports of the CCSP to show how the recemmended acti
ihplemented. See References [10] and [11]. Every two years a performanceTeport like this is p
Hlistoric reports provide further insights.

5
The BC auditor general conducted an audit of the CCSP and found the program was ing
F
Al

.4 Evaluation of performance of this initiative

ey findings of the audit copied:

bt adequately accounting for its performance. Significant improvements are required in th

5
K
The Province does not have an adequate program in plage for managing its contaminated sit|
g‘eas.

Flrst, the foundation needed for a sound program is lacking. Ministries and agencies are 1
ghided by clear direction from government, and roles and responsibilities are not clearly defing
spme progress is being made, it varies fnom organization to organization. Some are well und
icorporating a contaminated sites pelicy into their portfolio; others are only at the early
bing this.

pcond, there are significant gaps in the information ministries and agencies need to

d

S

njanagement plans and to mdke resource allocation decisions. As a result, few management pl3
place and no government-wide plan exists.
T

|

inistries and agenei€s are unable to account in a meaningful way on their progress in dealing
risks and liabilities’posed by contaminated sites.

.5 Keylearnings for others

ade ensure that managing mining legacies is more effective at reducing liability as well

dequate.
uctured.
ns were
iblished.

es and is
ree main

ot being
bd. While
erway in
btages of

develop
nsare in

hird, without a clearcoordinated program for guiding contaminated site management dctivities,

with the

vements
as being

5
The Admportant role of independent auditing of programs is demonstrated. The imprd
nj
t

anSparent. Performarnce 1S TeViEwed and made pubiic T anm accessibie easy to Tead form that

proves

the reputation of governments managing these sites. A research report includes more detail on this and

other programs reviewed as part of a Churchill Fellowship. See Reference [6].

6 Remediation of the abandoned mines in the South Alligator uranium field,

Northern Territory, Australia

6.1 Aspect of managing mining legacies

Knowledge sharing between all stakeholders.

© IS0 2023 - All rights reserved
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6.2 Background

Work was carried out between 1999 and 2007 in various phases. The Commonwealth Government was
responsible for getting work done with federal parks agency as lead but other agencies from Federal
and Northern Territory Governments involved. Original survey work was undertaken in 1986 but
consultation with Indigenous people was not organised until 1990s.

6.3 Recognition of a problem that needed to be resolved

In 1952/3,—exploration fo anium - commenced in the uppe alley of the South Alligator Rive
Northernp Territory, Australia. Prior to 1962 more than 50 exploration sites and 17 small mining it
and threje processing sites were operated. Then, all work stopped, and sites were abandoned. In\199
a survey took place to inventory sites. This was to gain knowledge of rehabilitation requiremen
prior to the area being designated stage 3 of the World Heritage Listed Kakadu National Park. Stage
was incdrporated in 1988 and the lease from the Traditional Owners required that all mining sites &
remediated by 2015 at the expense of the Commonwealth Government and to the satisfaction of th
Traditiopal Owners.

=

D ® Wwn ONn

6.4 Steps involved and expertise/stakeholders involved

In 1992 4 programme of hazard reduction work was carried out to mitigate radiation and physical safety
risks for| tourists and other visitors to the valley. There was little cofisultation with the Traditionpl
Owners.|In 2000 work began to consult with Traditional Owners on\What they wanted to see in terns
of rehabllitation and for experts to prepare options for discussion:“Consultations were extensive and
had frequency that did not over stress Traditional Owners but.enabled regular progress to be made
on the planning for rehabilitation. Meetings were held on*that incorporated site visits during the
dry seaspn; wet season meetings were less frequent and-wére held in a variety of locations including
nearby rhotels and communities. The style of meeting,was arranged to be less formal than usual byit
with a sfructure determined by the Traditional Owsers that was in sympathy with their traditionpl
governance mechanisms.

6.5 Evaluation of performance of this-initiative

Work prpgress was slow in terms of obtaining data but this often related to the timing of meetings
to obtainm approval for studies and the delay in obtaining funds from government. Once designs hdd
been coilpleted there were further delays until funds to undertake civil engineering works (sugh
as constfuction of the containment for all radioactive residues) could be made available. Traditionfl
Owners ere offered work and)training opportunities during the construction phases as well as beirjg
employefl to provide culturaladvice on access to sites and issues of possible presence of sacred sites.

6.6 Kay learnings{for others

The involvement of Traditional Owners was essential to the long-term success of this programme. The
developrhent 6fa process for meetings that was sympathetic to the traditional governance mechanisns
of the Traditional Owners was a vital part of the process and has been repeated elsewhere successfully.
The lacklefelarity-infunding-was-amajoreauseof- delaysinimplementation—Pesisns-were-completed
however these waited for four years before government finance could be found to support their
implementation. Patience was essential at all stages in dealing with both the Traditional Owners and
governments.

4 © IS0 2023 - All rights reserved
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7 Valuing traditional knowledge within the Rum Jungle rehabilitation project,
Northern Territory, Australia

7.1 Aspect of managing mining legacies

The former Rum Jungle Uranium Mine (Rum Jungle) is a mining legacy site located on Indigenous
owned land. This case study describes the value of stakeholder input into decision making. The content
is derived from two key sources. See References [1] and [2].

712 Recognition of a problem that needed to be resolved

The Rum Jungle ore body was discovered in 1949. Mining was undertaken between(1952 gnd 1963
anhd processing operations ceased in 1971. The sulphide rich waste mined at Runi Jungle generates
syibstantial volumes of acid and metalliferous drainage. An aesthetic clean-up of the’site was completed
i 1973.

The Finniss River Land Claim No.39 was lodged on 20 July 1979. Rum Jungle’formed part of|the area
syibject to the claim. An inquiry into the land claim identified that the Kungarakan and Warai people
ere the traditional Traditional Owners of Rum Jungle and other areas'subject to claim.

Ip the years that followed Rum Jungle became iconic due to the\sSignificant impacts from|ongoing
okidation of sulphide minerals releasing large concentrations éf)copper and other heavy mdtals into
the downstream receiving environment. This resulted in rehabilitation works being undertaken at the
site during the 1980’s. The Kungarakan and Warai people@were not consulted about these wprks and
r¢mained very unhappy with the state of the site.

Tp address this, in 2009, the Northern Territorny; and Commonwealth governments cormmenced
r¢habilitation planning at the site.

713 Steps involved and expertise/stakeholders involved

Work began to identify which Kungarakan and Warai people spoke for this land. This involved gngaging
hthropological expertise to understand all the family structures and sacred sites.

o)

ructured meetings were organised where the outcomes and learnings of technical investigations and
btential rehabilitation options discussed, and rehabilitation objectives developed. Initially [this was
very confrontational environment, as there had been a long history of unfulfilled promiseg and not
bing included in decisign making.

5 it became apparent that site access restrictions that had been in place over the previoug 50 plus
bars had created a loss of connection to land. Site visits were organised to start to re-establjsh these

S

p

a

b

Als the project develeped meetings were moved from being held in town to on Indigenous coujntry and
a

y

cpnnections,

Kjungatakan and Warai people were also included in providing site inductions. They shared|valuable
cpiltural knowledge of the site. They were also key participants in options analysis workshops which

id entifiod 2 nroforrod rohahilitatian ctratoavu fartho cito
.......... prererreatrenashitatdoR-Statedy

TOT—tITe—oTtes

7.4 Evaluation of performance of this initiative

At the end of stage 1 of the project in 2013, the Kungarakan and Warai people had been involved in all of
the key decisions which informed the selection of a rehabilitation strategy. Their desire to see the site
return, where practical to its pre-mining topography and allow for sustainable traditional land uses
fitting in seamlessly with other rehabilitation objectives developed for the site.

Throughout stage 2 (2013 - 2016) the increased knowledge of the site both culturally and technically
supported the development of detailed designs. More importantly as we shared information, we became
more equal as stakeholders in this process.

© IS0 2023 - All rights reserved 5
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A two-way process of honestly and transparently sharing information is the most powerful way to
build respect and trust.

7.5 Key learnings for others

Stakeholder engagement is at its most effective when all parties feel like they are equals in the process.
Understanding that cultural knowledge of a site is just a valuable as technical investigations allows for
this to occur.

Working collaboratively creates better outcomes, with a result that is greater than the sum of all of the
individugl inputs.

If no onp is really sharing anything of significance it is most likely not because there isrmething
important to say, but rather it will be a lack of trust in either the people or the process. The dévelopment
of trustihg relationships takes patience, time, commitment and accountability.

8 Diffiiculties encountered during the closure of mines prompted improvements
to legal instruments, Mali

8.1 Cdntext of case study

From th¢ colonial period to the present day, Mali has acquired several legal instruments to manage
mining, pmong which, there are five (5) generations of Mining,Code (1970, 1991, 1999, 2012 and
2019) and environmental protection texts. This case study illustrates the recognition of inadequate
regulatofy requirements in Mali and how they were addressed.

Officially, there have been no permanent closures of indstrial mines to date in Mali. However, sone
mines hgve observed more or less long shutdowns. They include the Kalana, Syama and Morila Mings
described here from which learnings have been:gdined regarding how to strengthen regulation
Further [information on this case study can be accessed from Chief of the Environmental Informatign
Department at the Environment and Sustainable’ Development Agency (AEDD and Malian Agency for
Standardization and Quality Promotion (AMANORM).

g

8.2 The Kalana Mine

Entering production in 1985, this mine observed two shutdowns, from 1991 to 2004 and from 2018 {o
2019. The causes were the low~gold content, associated with the high cost of production. As difficulti¢s
arose, it pas found that:

— the ¢ontent of the memorandum of understanding between the Kalana Mine and the country hgd
nevdr been dissemtiriated to other stakeholders;

— envifonmental safeguarding measures (rehabilitation of quarries, mud park management) arnd
socijl measures (income-generating activities) which were provided for by the protocol, were ngt
disclissed with the other stakeholders; and

— neighbouring communities were not prepared for the two operating shutdowns.

Communities were therefore severely affected by the negative consequences, in particular by: (i)
loss of jobs and financial resources; (ii) deterioration in the purchasing power and standard of living
of workers and populations; (iii) the exodus of labour to urban centres and new mining sites; (iv) the
intensification of social conflicts around land use and access to natural resources, at the time when the
dismissed mine workers were seeking to return to agricultural production on land reduced due to their
use by the mine or their assignment to it; (v) loss of hope and confidence in the administration and in
mining projects.

6 © IS0 2023 - All rights reserved
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8.3 The Syama Mine

Entering production in 1990, the Syama Mine was put on hold in 2001 following difficulties encountered
by its operating company. During this shutdown period, the environmental and socio-economic impacts
resulting from the extractive activity were noted. They were due to the shortcomings noted in the
planning of the project, especially regarding environmental issues and community development.

Unfortunately, neither the mining company nor its minority partners, nor the Government of Mali, have
undertaken any activity to rehabilitate the mining site.

4 The Morila Mine

The Morila Mine started operating in 2000. It is scheduled to close in 2020. To prevent(difficufties that
hhve arisen on certain mining sites, the Government of Mali has set up an inter-ministerial commission
t¢ close the mine, the members of which were appointed by a decision of the ministry responsible for
ines. The role of the Commission is to examine and adopt activity reports and documents rglating to
the closure of the mine.

This approach aimed to fill the legal void in the Mining Code in force which did not provide for measures
terms of mine closure and Corporate Environmental and Social Respgnsibility.

The Commission has drawn up a plan for the gradual closure of thé mine and has carried out a fg¢asibility
study for an agricultural project entitled, "Agro-industrial center-of Morila" which will replace the mine
2020.

5 Key learnings from these examples for others

The common point between these three (3) mines'is the fact that at the time of the launching of their
ekploitation, the legal instruments regulating environmental and social questions did not exist or, at
lgast, were not national requirements.

The Malian Government did not require strict compliance with environmental standards as a
prerequisite for the exploitation of mideral resources.

e of the most worrying difficulties is undoubtedly the fact that populations had little access tp reports
nd data on the state of their environment. Civil society had no effective means of measuring the extent
Fthe problems raised by mining, preventing them, reducing them or promoting any positive ghange.

o

Henceforth, the Mining-Code of Mali constitutes the Basic Law which governs mining in the cquntry. It
fcludes measures relating to the protection of the environment, hygiene and the health and [safety of
workers.

—

9 Governiment strategy for rehabilitation of abandoned asbestos mines in|South
Africa

9.12 Context of case study

South Africa was a major global producer of asbestos from the early 1900s. However, the demand for
asbestos declined during the 1970s and numerous asbestos mines were either abandoned or closed
during the 1980s in accordance with the regulated (but comparatively poor) standards of the time.
Asbestos mining was banned in South Africa in 2001 and a total ban on the production, import and use
of asbestos followed in 2008. Concern around the poor state of the abandoned mines and the associated
health risks led to a National Asbestos Summit being conducted in November 1998. An outcome of the
summit was the development of a ‘Standard protocol and guidelines for the rehabilitation of derelictand/
or ownerless asbestos mine residue deposits in South Africa’. This guideline directed the diverse efforts
of several state departments to guide the state funded rehabilitation of asbestos mines, the replacement
of asbestos roof sheeting, and other related efforts. The original guideline was later expanded into a
‘National Strategy for the Management of Derelict and Ownerless Mines in South Africa’. In line with
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this strategy, the term ‘derelict and ownerless’ (D&0) mines is used to define abandoned mines as those
mines for which the owners or mining rights or lease holders (a) have abandoned and are not operating
nor maintaining, mitigating or managing their associated safety, health and environmental impacts
and (b) can no longer be traced.

9.2 National strategy for derelict and ownerless mines

Specific objectives of the National Strategy include the compilation and maintenance of an inventory of
D&O mlnes the 1dent1f1cat10n of prlorlty sites, the development of an actlon plan to manage the risks

health, s
rehabilit]
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9.3.1 1

himented 5906 D&O0 mines, of which 1,730 were classified as posing a high risk'to publ
afety and the environment. Many of these were asbestos mines that have subsequently beg
pted by government. As of 2018, there are less than 10 large (in the context’of major poil

pollution), unrehabilitated, high-risk asbestos mines remaining in the country.

ogress and challenges implementing national strategy

ernment funded and implemented strategy has proved to be largely effective over the pa
hdes at addressing D&O asbestos mines in South Africa. However, there are some identifie
s related to the lack of legal clarity, the process and requitenients for undertaking governmel
chabilitation and numerous technical issues.
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mines are the responsibility\ef government, there are various administrative processes th

ent government departments, the lag associated with government budgeting cycles, onerot
ent procurement processes and the additional requirements of government.

[echnical challenges

of the rehabilitation of asbestos mines is to permanently eliminate the dispersion of asbest
d returh.the disturbed area to an ecologically stable state. This needs to be achieved at sit¢
e beefvabandoned and have often deteriorated. This means there is limited prior knowledge
activities and layout. Also, these sites are characterised by a lack of planning for rehabilitatio
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mining in South Africa also occurred in the more arid areas, where vegetation is harder to establish.
As a consequence, returning the site to a productive ecological state is not always possible. For more
information see Reference [85].
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10 Managing biodiversity offsets and mining legacy rehabilitation and care, South
Africa

10.1 Recognition of a problem that needed to be resolved

In South Africa in 2008 there were almost 6000 mining legacy sites (termed ‘derelict’ and ‘ownerless’
(abandoned)) and the estimated 2009 rehabilitation cost was approximately 447 billion US$, excluding
the long-term treatment of acid mine drainage and the construction and operating fees of plants
(Auditor-General South Africa, 2009; Department of Mineral Resources, 2009) (See References [88]
afd [89])- Under the Minerals and Petroleum Resources Development Act (MPRDA]J, Z00Z](Act No.
2B of 2002), if a mine closure certificate has not been issued and no party can be traced tq assume
résponsibility for the liabilities of an abandoned mine, it can be classified as derelictrand ownerless.
The MPRDA is significant in that it is the first legislation in South Africa to stipulatettheneed|for mine
closure certificates. As the majority of the listed mining legacy sites closed prior tothe' MPRDA)], with no
closure certificates issued and owners untraceable, many are considered ownerless. The Depaftment of
Minerals and Energy (DME) contracted the Council for Geoscience (CGS) to develop a national|strategy
fqr the management of abandoned mines in South Africa. This included, a‘database compilation of
abandoned mines, with impact risk rankings (Department of Mineral Resources, 2009). Nearly 2000
njines were classified as high-risk, with severe health and safety hazards prioritised. Whele mines
are deemed ownerless, government jurisdictions are responsible forfunding rehabilitation. However,
funding and implementation capacity is often limited, and supportive options are needed. Biofiversity
offsets are an alternative mechanism for funding.

10.1.1 Opportunity for biodiversity offsets

awing upon South African legislation this case study explains how that legislation could b¢ applied
t¢ mining legacies in that country. Biodiversity offsets are often needed and specified by regulatory
approvals to compensate for residual negative\development impacts on biodiversity and e¢osystem
s¢rvices (BES). They involve equivalent gaifns to balance losses, either through protection |(averted
Idss), or restoration. Offsets can deliver gains in the same biodiversity components (e.g. ecosystems,
species, etc.) as those affected. Based on-this South African illustration, where an area is to be used
a$ a biodiversity offset, the biodiversity value and gains are measurable. Plans then are proyided for
ah offset site being maintained, forvas long as residual impacts persist, which may be in perpetuity.
Typically, a developer from whom offsets are required would be responsible for the management and
funding of offset activities fer\a specified period (e.g. in South Africa for a minimum of 30 years). In
me jurisdictions, suitable_areas for offsets are difficult to find, and there is competition fof limited
btions to protect and /orrestore habitat. If offsets were able to target mining legacies and restore their
odiversity, it would-potentially, ‘kill two birds with one stone’. The opportunities for applyinlg mining
gacies as potentiahoffsets varies among countries, depending on what remains in the landsfape and
hse-and contextspecific options for a biodiversity offset. Any evaluation would need to confider the
odiversity _offset policy framework, including the acceptable approaches for calculating offget rules,
ich as counterfactual based or target led approaches - relative to the rates of background loss of
odiversity. This case study explores options for considering biodiversity offsets as a mechpnism to
nd.and implement biodiversity conservation and restoration of mining legacies, examines fools and
:Feir potential application, raises application challenges, and notes benefits.

(%)

=~ o
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-

t

10.2 Existing tools and concepts for biodiversity offsets for mining legacies

When offsets are specified for various development applications by jurisdictions and development
companies, they are guided by legislation, internal policies, and financing requirements.

The potential for a mining legacy site to serve as an offset would depend on

— the legal context and rights to use or access the area,
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evel of disturbance, degradation, contamination, and restoration potential:

— some mine properties can be partly disturbed, leaving the unmined or buffer portion in good

ecological condition and well suited to acting as an offset;

— anunderground mine might have less surface damage, but can present contamination/pollution

risks, while a surface mine can be difficult to restore;

— the potential to restore biodiversity structure and composition decreases proportionately

— the
link

— its potential to improve ecological function and delivery of priority ecosystem setvices (e.
watgrshed restoration).

The corq principles for biodiversity offsets adopted by the business and biodiversity offset prograr
| others (see References [82] and [83]), are considered to match the residual’'negative impact
of development which need to be offset, with the ecosystem type and specie$ labitat at the minir

IUCN an

legacy si

10.3 Application of tools and concepts as funding mechanisms

We iden
legacies

Step (1),

to biodiversity offsets. A South African database was developed by the CGS (Department of Miner
Resourcgs, 2009). This database categorises mining legacies based on their health and safety risk

with lim

and its location; ecosystem/ vegetation type/s_and the condition relative to a benchmark ‘naturz
conditioh; freshwater resources, known contaminants or pollution; rehabilitation and/or ecologic
restoratjon potential; and the estimated costs‘thereof.

Step (2)

criteria fo rank their potential biodiversity value and practical complexity in achieving the require

biodiver

Step (3)

considerkd for offsets, provided core biodiversity offset principles are met. In some cases, particular

where e
to contr

registrafion wouldtinvolve documenting the ecological baseline, and proactively restoring the sit]
prior to gelling credits to developers who can require offsets. The inventory from Step (1) can therefot
list regigtered.‘offsets bank’ sites that can be traded/sold as credits.

Step (4),

relative to the level of disturbance;

botential conservation value of the area in a wider landscape context (e.g. connectivity‘ary
hge to priority biodiversity areas), and

fe.

fified four steps for how biodiversity offset tools and cpncepts could be applied to minirx
n South Africa.

the development of a mine legacy site inventory, could include specific information relevai

ted biodiversity categorization. Inventory ifaformation can include details of the type of mify

the evaluation of inventory site’ potential to serve as a biodiversity offset, using relevai

5ity outcomes of an offset(

the development of an offset bank of formally registered sites. Mine legacy sites can |

fological restordtion is deemed feasible, and where a mine legacy site is strategically locatg
bute to landscape-scale conservation targets, there could be potential to use that site. Si

this step evaluates new development applications that trigger the need for biodiversity offsef
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to compensate for residual negative impacts.

10.4 Application challenges

Reflecting on key challenges when planning and managing biodiversity offsets the following are
identified:

a) Predicting restoration outcomes is difficult, especially where there is contamination.

b) Potential implementation can fail, when there is inadequate financial provision, cost estimation,
implementation capacity and ecological management.

10
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c¢) Implementation and enforcement are difficult when authorisation conditions and contracts are

inadequately defined.
d) Performance monitoring is difficult when there are inadequate criteria that set the standa

e) Responsibility for offset sites after the liability ends can be contentious. Stewardship of
site is difficult when there is long-term liability and land ownership uncertainty.

f) Unless clear levels of expectation have been established beforehand, it is difficult t
performance and therefore, success of biodiversity offsets.

rd.

a legacy

O assess

[y

0.5 Industry and society benefits

1]

Fom experience managing biodiversity offsets, benefits from effectively managing biodiversit
re illustrated:

o8]

a) Negative mine legacy impacts and the number of impacting sites may be reduced.
b) Developers have opportunities for demonstrating sustainable development practices.
c] Supplementing constrained jurisdictional mining legacy funding fnechanisms.

d) Potential land and resource uses of these sites would be improved and could offer new o
local livelihoods. Those land uses could fund further ecolggical management.

1 Potential limitations of mechanisms used to fund mining legacy progran
yestern Australia, Australia

<

o

1.1 Aspect of managing mining legacies

D)

overnment jurisdictions ensuring a funding stream is quarantined for management of mining

1.2 Background

1

The Western Australian Mining .Rehabilitation Fund Act 2012 (MRF Act) requires mining {
hplders to pay an annual, nofi=refundable levy into a central fund, known as the Mining Rehal
Fund (MRF), which can petutilised by the State Government to fund the rehabilitation of ab
njine sites. Money in theprincipal fund can be used to rehabilitate abandoned mine sites
ténement holder, who-hds contributed to the fund, fails to meet their rehabilitation obligations
generated from thie fund is used to administer the MRF and the rehabilitation of mining legd
ekisted prior to‘the introduction of the MRF Act through the Abandoned Mines Program (AMP|
of the Departmient of Mines, Industry Regulation and Safety.

1/1.3 Unanticipated low interest rates

y offsets

tions for

legacies.

enement
bilitation
andoned
where a
Interest
cies that

run out

Alny’ehanges in the interest earnings rate have a significant impact on the interest earned by

the fund

per year. In Western Australia, interest rates for the 2020-21 financial year are at historically low levels.

It was acknowledged that if low interest earnings rates are maintained, the amount of interest available
to fund the administration of the AMP and complete rehabilitation work would be much lower than

previous projections and will reduce the long-term sustainability of the AMP.

11.4 Key learnings for others

If the use of interest rates, license and/or tax revenues are used as a component of a funding stream for
the management of mining legacies, authorities need to understand that changing circumstances such
as a decrease in interest rates can have a detrimental effect on the ability to manage mining legacies.

© IS0 2023 - All rights reserved

11


https://standardsiso.com/api/?name=dbaa7d7ba01e95bfc3447ff11fd30115

ISO/TR 24419-2:2023(E)

Having a combination of funding mechanisms (principal/interest/bonds) can circumvent the issue of
fluctuating interest rates having a potential impact on mining legacy work programs. For instance, the
principal could be used to fund rehabilitation of historical abandoned mines as well as newly abandoned
sites; or there could be opportunities to incentivise the private sector to remediate historical abandoned
mine sites as an independent business venture, and/or mining companies could rehabilitate abandoned
mines as a means to reduce their MRF liability.

12 Long term financing of the perpetual obligations resulting from hard coal
mining in Germany

12.1 Historic context

In Februjary 2007 the German government, the coal states of North Rhine-Westphalia and 'Saarlanfd
RAG Aktiengesellschaft (AG) and the miners’ union IGBCE agreed to shut down RAG AG's subsidizgd
German hard coal mining operations by the end of 2018 as initiated by the EU Commission.

<

12.2 O1figin of RAG-Stiftung (RAG Foundation)

In June 2007, the RAG-Foundation was established in Essen, with an endownrent of €2,0 million undg¢r
civil law] with legal capacity. The foundation managed the transition: process in the German cogl
industry|l on a corporate basis until the end of 2018 and safeguarded the further development of the
Evonik Qroup (non-mining activities referred to as White Business of the former Ruhrkohle AG, todgdy
RAG AG)

In order|to secure the financing of the perpetuity costs, Noxth Rhine-Westphalia, the Saarland and
the RAGtFoundation concluded the Legacy Agreement tolbake over the perpetual costs of the RAG
AG coal |ndustry. In December 2007, the Hard Coal Financing Act was introduced. At the same timg,
a controlling, profit and loss transfer agreement was-enacted between the RAG-Foundation and RAG
AG. In adldition, the RAG-Foundation acquired Evonik Industries AG from RAG AG at a book value pf
approxirhately €1,2 billion and thus became the owner of the White Business activities of the formér
Ruhrkohlle AG.

The firs{ step in building up RAG-Foundation’s assets was the sale of 25 % of Evonik shares to CYC
Capital Hartners for €2,4 billion in 2Q08. As of 2020, the RAG-Foundation holds an endowment capitgl
of around €18 billion and the foundation's operations are overseen by a board of trustees made yp
of high-ranking representatives/of-the federal government, the states of North Rhine-Westphalia and
Saarland, and IGBCE, among others.

12.3 The tasks of RAG<Foundation

The RA(-Foundatien bears the responsibility for financing the perpetual obligations resulting from
hard coall mining<in Germany by RAG AG: mine water management, polder measures (to manage watér
pondingjon subsided land) and groundwater purification. In order to safeguard the long-term financing
of these|activities, the foundation is building up assets through a secure but profitable program pf
capital ipvéstment. This program is reliably providing the foundation with the necessary returns. |n
addition, RAG-Foundation promotes projects in the areas of education, science and culture that are
related to the hard coal mining industry in Germany.

12.4 Financing perpetual mine management obligations

Coal mining has created an extensive system of underground shafts and tunnels and together with other
impacts has changed the landscape in the mining regions. Intensive underground and aboveground
water management is a corollary of coal mining, because coal can only be extracted at great depths
if the mine water that seeps into the galleries is continuously pumped out. The mine water still has to
be continuously pumped out, if necessary after carrying out an optimization of the final mine water
levels, even after coal is no longer mined. This is due to a variety of reasons, such as the need to protect
drinking water. Moreover, pumping facilities have to be operated in some areas in order to prevent lakes
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from forming above ground as a result of mine subsidence. Last but not least, groundwater purification
facilities are operated in former mining areas to protect the groundwater. This active mine water and
groundwater management cannot be discontinued after coal mining has ceased; it is a task that has to
be performed in perpetuity. Water requires ongoing management.

RAG AG will have to finance this management even after 2018. They will also secure the shafts and
tunnels and eliminate mining-related damage— the RAG foundation will implement measures for
the permanent management of mine water and groundwater that, after coal mining is discontinued,
perpetual management tasks will be funded by the RAG-Foundation.

[y

2.5 Building up the foundation’s assets

—

he RAG-Foundation is greatly reducing the financial strain on the public sector byl financing the
brpetual mine management obligations with income from the foundation’s assets, (i.e. income from
ts capital and holdings). The foundation’s assets that are available for this purpose mainly gonsist of
bsets that were generated by coal mining in the affected regions. This is because:Evonik Induftries AG
nd Vivawest GmbH have their origins in coal mining and the former RAG Group.

L L =T

I the unlikely case that the RAG-Foundation’s assets do not suffice to finance these tasks, thi federal
gpvernment and the governments of the two coal mining states have(guiaranteed that they will supply
the required funds. The RAG-Foundation is working to make sure noZshortfall occurs.

12.6 Supporting education, science and culture

I addition to funding perpetual obligations, the RAG*Foundation has the purpose of financing
eflucational, scientific and cultural projects in the Ruht)and Saar regions, provided they are related to
tme coal mining industry. For example, the RAG-Foundation funds training programs for teepagers in
the former Ruhr and Saar mining regions and supports scientific research regarding the cons¢quences
of Germany'’s coal mining activities.

In future, the foundation will also support the further development of institutions that used to be
r¢gularly funded by RAG AG and whose‘survival would be at stake with the cessation of coa] mining.
ong them are the German Mining Museum (which also conducts research), the private Georg
ricola University of Applied Sciénees in Bochum, and the miners’ choirs and orchestras.

12.7 The foundation’s model for the future

Eper since it was founded, the RAG-Foundation has safeguarded the financing of the perpetual
opligations by increasing its foundation capital. It has an ambitious goal. As of 2019, about €300 million
are required per year to finance the perpetual obligations. This amount is expected to decregse in the
fqllowing years{ Thanks to the foundation model, this burden is lifted from the taxpayers. Thig concept
i to everyone's benefit and can provide a funding model that can be applied elsewhere.

12.8 Extract of statutes of relevance to RAG

Thesstatutes of the RAG-Stiftung, take into consideration the resolution of September 1, 2008. Attention
is drawn to the following statutes: Article 2 Objective and Article 3 Assets. See Reference [60].

13 Organising post-mining in France

13.1 Background

France has a long experience in managing mining legacies, with a national program coordinate
and founded by the state. The French Mining Code provides that at the end of the work termination
carried out by the operator, the monitoring of residual risks (land movements, gas emission) and the
management of “hydraulic safety installations” is transferred to the state. After this work termination,
the operator stays responsible for material damage caused by his activity. When the site is orphan

©1S0 2023 - All rights reserved 13


https://standardsiso.com/api/?name=dbaa7d7ba01e95bfc3447ff11fd30115

ISO/TR 24419-2:2023(E)

(operator missing or failing), this damage has to be managed and founded by the state. The mining
regulator and the management of mining legacies are carried out by the regional services for the
environment of the environment ministry under the authority of the regions.

This main pattern is completed by:

— GEODERIS (See Reference [47]): a public interest group formed in 2001 to provide expertise and
technical assistance (includes 22 professionals with mining expertise)

— DPSM (See Reference [48]): an operational post mining department at the French Geological Survey
(BR ttoT- .

— BGRM (See Reference [49]) and Ineris (See Reference [45]), public agencies, that provide additionpl
expdrtise and research capacity to the French state and to GEODERIS.

_ Ministry for the Ecological and Scientific andtechnical
Support/expertise Inclusive Transition netwark

General Directorate for Risk )
GE JDERIS Prevention INERIS

maitriser le risque
pour un développement durable

@ bEenscience fora sustainable Earth

& Cerema

DPSM

(BRGM) -

Figure 1 — Key players in mining-risk management (DREAL: Regional Directorates of
Enyironment, territory Development and Housing; DDT: Departmental Directorates of
Territories)

Source: §ee Reference [45].

13.2 Introduction to-post-mining legal arrangements

Various [egislative smieasures (laws of 15 July 1994 and 31 March 1999) provide that the state fs
responsiple for material damage caused by the operator’s activity when the latter is not in a positidn
to do soor isqne Tonger in existence and place under state care the plant and equipment required for
preventiye detion and for ensuring safety. In addition, the state has clarified the mine decommissioning
procedures.and established new regulations to introduce mining risk prevention plans. This concerns
the work termination process and the transfer to the state of the residual risk monitoring and the
hydraulic safety installations management. However, the operator remains responsible for material
damages caused by its activity even after works termination. The major responsibilities which fall on
the state are the object of a post-mining action plan covering social, institutional, organisational and
juridical aspects.

13.3 The French Mining Code

The code defines mines as distinct from quarries, confirms that the State retains ownership of
subsurface mining resources, defines the circumstances under which mining can continue and assigns
responsibility to the mining regulator. Since 1999 the French Mining Code prescribes the terms of post
mining: the monitoring of residual risks, implementation of monitoring equipment for subsidence and
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gas, hydraulic safety installations, mining risk prevention plans and engagement with committees
involving stakeholders.

13.4 Progression toward mine closure and lease relinquishment

Relinquishment transfers responsibility, equipment and information from the operator to the state and
includes the following steps:

— Work termination will be declared to the regional government before the end of the validity of the
mining title

— The operator
— outlines the measures to prevent risks, nuisances and disturbances of any kind, and

— identifies residual risks for the safety of people and property and to, maintain surfeillance
measures beyond the cessation of work.

— The regional government administration prescribes measures that the-operator will tae during
the work termination.

— In the absence of implementation of the measures prescribed, the administration has the power
enforce ex-officio.

— Two government declarations apply:

— The declaration describes all the works and processes to be implemented by the opgrator to
stop the mining activity and manage post-mining. After the analysis of the relinqishment
declaration, the administration records itand prescribes complementary measures, if fequired.

— The operator then sends a report tothe regulator of mining describing how they c¢mpleted
the complementary measures (monitoring, works details and evidence of works insjpection).
Once this is accepted the government declaration is published and the residual risk m¢nitoring
is transferred to the State in return for the payment of 10 years of monitoring and opgrational
costs of prevention risk facilities.

—

here are also specific administrative procedures for hydraulic safety systems:

- The rights and obligations related to these facilities are transferred with them.

- This transfer is approved by the administrative authority. It is accompanied by a payment by the
operator of anameunt equal to the estimated cost of the first ten years of operation of these facilities.

et

fl asked, the eperator will provide the community with facilities useful or necessary to sgnitation,
water supplycontrol of rainwater, runoff and groundwater.

13.5, Mining risk prevention plans

These plans are established by the administration following a public enquiry and consultationlwith the
municipal councils involved. They include a hazard map, a risk analysis and mapping of the land use
consequences.

13.6 Post mining management by the state

Regulatory functions are ensured by the appropriate central administration that is, the state agency
responsible for the environment, and its decentralised office: regional services for the environment.
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The budget is completely funded by the state at around 40 million euros per year for the post mining
expertise and operational management:

— Expertise is assigned through an independent public interest group Geoderis. 50 % of this group
includes staff provided by BRGM and 50 % by Ineris. This group has responsibility for mining hazard
mapping, the assessment of safety and monitoring as well as reporting.

— Operational duties such as monitoring, hydraulic safety installations, remediation and safety works
were delegated to BRGM in 2006, where the Department for Mine Safety and Risk Prevention was
established and is fully funded by the state.

13.7 Canclusion

To sum yp, this case study illustrates the importance of a legal clarity for responsibilities of‘companigs
and governments through all stages of closure to post-closure stability. It also highlights the'importange
of ensurfing an ongoing funding resources to manage mining legacies. Stakeholder{\enngagement fs
integral [to this process of transition. Such a process would not function without-the expertise and
continuify of knowledge within the various entities that come together to mandge ‘closure and post-
closure.

14 Natjonal review of abandoned mine land (AML) prograims, United States of
Ameriga

14.1 Gdneral

In the Uhited States, federal government programs are subject to audits, reviews, and examination|s,
which afe usually initiated on the behest of a member of the US Congress or a Congressional
subcomrpittee. The Government Accountability Office (GAO) conducts these oversight activities.
Additionlly, an agency’s own Office of Inspector“General (OIG) can also conduct an audit on |a
specific program, which also can be instigated by a congressional inquiry but also through employge
whistleblowing, crime reports, etc. The purpgse-of these audits is to review components and practices
of the pjjograms to ensure that the American public is receiving what it is paying for: that the work
is done ¢fficiently, and that the work cdnducted is meeting the agency-mission. Each audit will haye
a specific question/s that need to be ‘addressed and the methodologies used to answer each audit
request are case dependent. The reviews can result in a finding or advice for the agency. Actions fromn
which, afe monitored for progress:by the auditing agency. The federal hardrock abandoned mine lands
program| (collectively) has directly or indirectly been a part of at least 21 audits since 1978, some pf
which aife responsible for starting AML inventories and the development of policies and practices that
have benefitted the overallprogram and its progression. In 2018, Senator Tom Udall requested a review
of issues|related to hardrock mining and the abandoned mine lands program was a focus area.

14.2 Regview ofhardrock AML programs

In early 2020, after an extensive review of the hardrock AML programs the GAO released a report that
reconfirmed challenges listed in previous program audits. Federal AML programs that were studied for
this auditinclude the US Department of the Interior - Bureau of Land Management, National Park Service,
and the US Department of Agriculture - Forest Service, and the Environmental Protection Agency.
Information was also gathered from 13 state AML program partners and community stakeholders.

These AML programs continue to be challenged by the monumental cost to complete the enormous
inventory task and subsequently the corresponding effort to ensure the anticipated hazards are
addressed. The 2020 report includes estimates that there are over 530,000 hardrock AML features to be
located on federal public lands. At the time of the audit, the programs reported that over 140,000 AML
features had been located of the estimated 530,000 features expected to be found. There are about
81,500 features that need to be characterized for the environmental or physical safety risk.

The costs to address each feature are extraordinary in terms of labour and operations. The federal AML
programs have expended almost 2,9 billion dollars towards the AML issue between fiscal years 2008
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- 2017. Of the estimates available from the agencies, it could cost over $650 million to complete the
inventory of AML features and over $5 billion to address the physical safety hazard features. Estimated
costs for addressing environmental features could be as high as 7 billion dollars. Not all agencies
were able to give estimates for all components of the program. The BLM estimated it would take over
500 years to complete the workload with the current funding and labour capacity.

As indicated in earlier reviews of the AML programs, consistency in AML terminology across the
programs remain a challenge when comparing programs across agencies.

1

A-3-Partnerships

Phrtnerships with state AML programs and non-governmental organizations are very dinpojrtant for
chipping away at the large workload, especially when there is a low likelihood that a viable re§ponsible
phrty exists to pay for these efforts. Because of the way the applicable AML environmental [laws are
ritten, external parties that are interested in assisting with the effort are reluctantto assist because of
ldgal liabilities, for example they become a responsible party under the Comprehbensive Envirgnmental
sponse, Compensation and Liability Act.

14.4 Cost challenges

The limiting factor for the AML issue for the federal government istheTemarkable cost to addrgss all the
ajor components of the programs. The likelihood of having a viable responsible party in existence for
the legacy mines is low, the American taxpayer will likely be-covering the costs. Collaboration between
the stakeholders for environmental features is stymied b€cause of the liability limitations in¢luded in
e environmental laws that authorize such clean-ups.

ey

5 Funding and resourcing legacy nickel mine rehabilitation, New Caledonia

p

5.1 General

—3

his case study describes the importance of strong working relationships between the government,
ining legacy rehabilitation program’and the active mines in the Thio valley, when managing mining
dgacies in New Caledonia. The ‘Nickel Fund was instrumental to the process whereby a|working
¢lationship was established by.the government of New Caledonia, together with the local goverpment, in
ofder to ensure communitysafety from flooding and impacted water courses. Together the goyernment
dcilitated a process whéreby the mining company took back its responsibility for managing mining
ldgacies on its leases.(The government continues to monitor the program, progress and performance
and monitor and cohtain solid materials in transit down slope from mining areas as a legacy of past
ining, the governmient also monitors and responds to the consequences of rainfall events agsociated
with current minihg operations.

- =

=

155.2 Establishment of the Nickel Fund to rehabilitate legacy mines

New programs of mlnlng rehablhtatlon of orphan mine 51tes were added in 2009 when the Nickel
A ] s ] ed in crisis
perlods Funds are sourced from mmlng tltles whereby any company that owns a tltle gives between
800 XPF (French Pacific Franc) per hectare (around 10 AUD) per year, to the Department of Mines, who
transfers all of it to the Nickel Fund. For the larger companies (with larger titles) the price is 1 000 XPF
/ha/year. It represents around 240 million XPF (3,1 million AUD). These funds transit through the
government to ‘Fonds Nickel. While more funds have been expended than collected in the last five
years through this process, costs have been offset by the amount held in the earlier fund. Further
modifications can be required to attract additional funds for the future so the Nickel Fund is evolving.

15.3 Estimating the needs of the Nickel Fund

When assessing the total rehabilitation work required to repair all damaged land from mining, a
very high level estimate indicates that the government would require about 160 billion XPF (around
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2 billion AUD) if the total 20,000 ha had to be rehabilitated by the government. However, within this
area of cleared and/or mined sites with impacted streams, the majority of legacy mines remain under
mining tenure with operations continuing. The requirements to rehabilitate mining legacies is included
in operators’ mining licenses so companies are responsible for managing mining legacies within
their tenure. Some areas were already being addressed by the provincial institution in charge of the
environment until 2009, past research programs and using European funds, for a few sites. From 2009
the mines department took over these projects as well as the remainder to manage them under the
Nickel Fund. This amounts to 10 % of the total area of mining legacies that has to be funded from the
Nickel Fund. A further breakdown of thlS 10 % shows that some areas can 't be treated as they are too

multiple|sites (see Reference [104]) can be rehablhtated Wthh 1nd1cates a total legacy 11ab111ty of (45to
5) billio XPF ((5 to 6) million AUD)). This amount is based on an average estimate and of coursexmarly
variables could change the amount required.

15.4 Management of the Nickel Fund

The Nickel Fund is managed by a board of directors with a president and vice-president. Thjs
leadershjp team meets every year to review budget progress and forecasts. Board meetings take plage
two to fdur times a year, to deliberate upon and select those companies to work with, according to our
rehabilitption strategy. For the everyday management, the director of thesNiekel Fund, leads decisign
making processes for all the studies, choices of techniques, the selectioncof\contracts and the details pf
smaller gehabilitation programs.

Supporting the director and program, are a technical crew of+3.engineers. One is a specialist @
mine rehabilitation, another on revegetation, and the last ong_in rivers and creeks/ hydrology arn
watercofirses management. There is also a technician who multitasks on both mines, creeks, monitoring.
The budget and administrative duties are held by a shared’crew of three, that work primarily for t}
Departmjent for Mines, Industry, Energy, New Caledonia Gevernment (DIMENC).

Q.=

(¢

15.5 Illpstrating key challenges with refererice to the Thio Valley area

The rehgbilitation program of the legacy mines in the Thio valley is an example referred to in this cage
study. The key challenges were to address-thé problem fast enough to offer satisfaction to the affectqd
communlity while explaining that these ‘efforts are not considered definitive, and to understand that
dealing with the main river is too complex and expensive nor would it be permanent. Difficulti¢s
encountg¢red include access to areas for rehabilitation, and ensuring the appropriate stakeholders
are identified and involved. Caré néeds to be taken to ensure there are no conflicts within this tribal
district, jabout a particular stbject, creek, or contract. Another challenge at this site is that we hgd
inexperignced teams for creek works, which delayed the rehabilitation works, river improvement, arnld
extended the costs. Butprogress was made and now in this region, there are two well established arld
trained dompanies that'can offer their services in these particular types of works.

15.6 Hgw the Thio valley community were engaged

Commurlitiés.were already involved and grouped into an association following disastrous floodirg
in 2013.|The town, the association, the mining companies, and the Nickel Fund had several technichl
committees to decide the priorities, budget, and schedule the works required. The companies who did
the corrective works were also part of the community.

15.7 Benefits from the program in the Thio valley

High rainfall, flooding and discoloured water are the particular environmental issues that initiated
the social movement in Thio. Because all stakeholders worked together, tensions were gradually
reduced between tribes within the region and with mining operators/government. It has been a
shared experience, a common project with everyone involved, so that each one feels also responsible to
contribute for a better living environment. Also, skills and knowledge on these topics are being shared
within the population and the companies involved in the environmental solutions.
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15.8 Progress so far in the Thio valley

The priorities are clearly focussed on rehabilitation on particular orphan mine sites in order to
reduce the effluent entering the main river together with effort applied at the active mine. Since the
commencement of work in this valley, we have also added more watercourses to our list of future
rehabilitation. Mine tailings have contributed to the sediment load from erosion of slopes and by
creating disturbances within creeks but there are additional land stability problems due to fire regimes
(variable from year to year), and natural landslides due to steep slope within natural landscapes and the
physical properties of these materials. There are natural occurrences of chromium, nickel and iron ions
apd so on in the runoff wate hatimpa eamn ems and they too are influence by fire, vegetation
research
by the National Centre for Technical Research on nickel (CNRT) and its social, technicalcand ¢conomic
epvironment (See Reference [105]). The CRNT undertake targeted studies of chemical reaftions in
groundwater as well as water catchment behaviour in response to rehabilitation waorks undertaking
onitoring for their specific studies.

ithin the Nickel Fund programs practitioners collect samples before)'and after their works
phrticularly, if the water is used for human consumption around or downstréam of the rehabilitation
orks. The focus of water quality monitoring is predominantly directéd toward turbidity ahd water
ows before and after removal of sediment and other solids.

1/5.9 Evaluating performance

We do not have global indicators, but monitoring data from rivers and repaired topograplly get us
gedback on how much materials have come back, and.if‘further improvements in water quality are
beded in our target watercourses. At the orphan mines; we control the levels in sedimentatidn ponds,
nd verify water drainage from the top to the bottom, of the site, and initiate maintenance operations if
¢quired. Most of all, feedback from affected communities gives the most immediate indicatipn of our
erformance, reflecting their understanding of\progress and overall improvement in land staljility and
ater quality.

==

s o

1/5.10 Maintenance of rehabilitated sites

Maintenance is critically important as rehabilitation cannot be conceived as a one-off operation.
Igspections are made within, the two following years (or more if sensitive). To avoid relentless
mlaintenance, we do conceiverour rehabilitation schemes with a big focus on water distribution, and
r¢vegetation that will reduce as much as possible the erosive process. By reducing sediments after a
fdw years, maintenanceyis therefore limited to freshly rehabilitated sites, due to earthworks|that has
r¢disturbed and decoenipacted the soils. The priority is to direct water appropriately and rediicing the
dhmage from waterjrunoff, in preference to trying to collect more sediments. In the long term, $ediment
ppnds pose a_significant risk if they were to fail whether catastrophically or leakage. Fundg are set
aside for previously rehabilitated sites that we are responsible for, but we also try to limit these costs.
Spme on revegetation: if the process of plant recolonisation does not meet our standards, we put some
njore efferts to achieve this goal.

16 Reopemning the Otanmiki Mime, Fimtamd

16.1 Aspect of managing mining legacies and source

Circular economy and remining, remediation at the Otanméki Mine Oy prepared by the Geological
Survey of Finland (GTK) See References [34], [35] and [36].

16.2 Recognition of a problem that needed to be resolved

The aim of the Otanmaki Mine mining project is to reopen the Otanméaki Mining Area (Fe, Ti, V),
which operated from 1955 until 1985. The main product will be vanadium-pentoxide, ilmenite and
iron concentrate. The main concern at the site are mine tailings and waste rock sites, which do not
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have proper bottom or cover structures and acidic seepage waters and dust are transported to the
surrounding environment. The seepage is transported via ditches to the old settling pond which
has turned into a bird wetland. The wetland discharges via River Vimepelijoki to Lake Vuottolahti.
According to Tornivaara et al. (2018) the emissions are low, and the acidic waters are neutralized
before entering nearby ponds and lakes. The seepage contains mainly elevated vanadium and
manganese concentrations, which are restrained in lake bottom sediments. However, though it seems
the emissions do not pose a risk to the environment, Tornivaara et al (2018) suggest further studies on
water geochemistry and lake bottom sediment, in order to assess the potential ecological impacts at
the site.

In accordlance with the EU’s Extractive Waste Directive (2006/21/EC), all EU member countries haye
surveyed their extractive waste facilities of closed and abandoned mines that can cause serious negative
environmental impacts or have the potential of becoming in the medium or short term a seriotis threat
to humah health or the environment. These surveys have been rather concise and do not hecessarily
contain ¢nough information about the content of the mine waste sites in order to assess their potentipl
for reprqcessing or even remediation measures. Therefore, more detailed studies have been conductgd
accordinjg to the environmental load and impacts.

16.3 Steps involved and expertise/stakeholders involved

Prior to|open pit and underground mining the Otanmaki Mine Oy tends-to reprocess the old mire
tailings o accelerate the development of the mining project.

The old mine has been filled with water since closure, and the mine tailings pond contains 10 millign
tonnes df diverse waste, the composition of which was not pre¢isely known. The company set up|a
tailings pond research project to pave the way for the actual mining project. Based on GTK's minerpl
estimate, it was known that the average ilmenite;content of the tailings was 16 %. The gogl
of the bé¢neficiation process was set at 50 % yield. GTK\Mintec's pilot plant and laboratories in city
of Outokumpu serve as a platform for testing and research of the enrichment process. Based on pilpt
and actual testing, the most optimal, gravity-based.separation method was selected for the tailings to
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most of fhe material can be used in various infrastructure construction sites and as a raw material for

The initial project of the tailings will last for a maximum of 8 years. The initial project will yield|a
reasonalple return, lowering the threshold for launching the actual mining project. The water that has
¢ mine is pumped into thé processes of the tailings project and at the same time the mine cgn
jed. The circular economy’solutions in the old mining area will pay off, pave the way for market
e and hopefully strengthen regional social licensing.
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The envil onmental mmmg and water permlts or authorlsatlons also requ1re proper bottom and cover
structure
the factory Would employ approx. 350 400 persons which will naturally bring income to the region.

16.5 Key learnings for others

The SME-sized mining companies do not have similar access to research infrastructure than
multinational mining companies. It is costly to conduct feasibility studies for the ore, let alone mining
waste, and without active cooperation with public research institutes, like GTK, these kinds of
reprocessing projects are not very likely.

Mining waste is one of the largest waste streams in EU and there are thousands of old, abandoned waste
sites which still contain valuables that could be reprocessed. While drawing attention to the important
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potential value of this resource, the composition of the tailings is usually not known and therefore more
studies are necessary before it is possible to commercialize the sites.

17 Online monitoring and early alert system for tailings storage facilities (TSF),
Chile

17.1 Background

I ccepthiste SR driven hiles-developren e A Be-coe-61e-6

aHr-gconomic
e caused

ave been

agtivities. Nowadays, the challenges imposed by national and international circumstanceshay

Affter the disaster in Brumadinho, the whole world has centred its attention onnthe mining |ndustry.
The accident, beyond its technical considerations, impacts mining from different angles, deepening a
r¢putational crisis that, without drastic measures, can end in serious conséquences for the|sector if
aterial actions are not taken fast enough. The spill of 13 million cubic metées of sludge, at a rat¢ of about
kilometres per hour, destroyed homes and took the lives of 270 peoplée; of whom 259 were pfficially
confirmed dead, in January 2019, and 11 others reported as missing,whose bodies had not be¢n found.
I addition, it has affected forests, putting at risk the rivers around‘it;causing environmental ajnd social
dpmage that the community is no longer willing to accept. Brumadinho is just the last of a|series of
fdilures every year all over the world. The previous disasters.6f Samarco and Mount Polley underscored
the issue of TSF on international level and in Chile. TSFs posé challenges for sustainable dev¢lopment
iring as well as after mining.

d

Bearing in mind that Chile is a country with the third largest number of TSFs globally and that these
deposits are of key importance for the industry‘there is no question that solutions are esdential to
ehhance TSF management to better control theirperformance and relationship with their envirpnments.
Bpsed on the catastrophic events that recently occurred in the world, both environmenthl issues
gpverned by different regulations and the.social aspects that grant the social license to operate has to
be addressed. Additionally, mining is_facing the challenge of keeping the confidence of invesfors who
provide the industry with the financial‘license to maintain its development.

7.2 Transparent tailingsinitiative

he Chilean mining sector,-with both private and public organizations, is working since 2016 on the
ifety aspect of TSF, developing the ‘Transparent Tailings Initiative, aimed to develop a stanfardized
onitoringand early=wdrning system applicable to TSFs. Through an information management platform,
lhis system will previde the parties involved (authorities, mining companies, and communitjes) with
hality, reliablé; and timely information regarding TSF performance, in aspects of physical|stability
nd surrounding water monitoring. This initiative, under the auspices of the Alta Ley progfram, has
ben co-dé€signed and implemented by Fundacién Chile, CORFO, Ministry of Mining, Nationaf Service
[ Geology and Mining (SERNAGEOMIN), National Emergency Office (ONEMI), Superintendenjce of the
hvironment (SMA), General Water Department (DGA), Antofagasta Minerals (AMSA), BHP, CODELCO,
ngle American, National Mining Society (SONAMI), Advanced Mining Technology Centqr of the
niversity of Chile (AMTC), and Valor Compartido.
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The commitment is to contribute to the continuous improvement of the safe and reliable operation of
TSF, by providing quality and timely information to authorities, mining companies, and communities,
thus enhancing the communication between the parties and the response to emergency situations.
With a greater focus on TSF safety, this initiative will also help to provide stable TSFs in the long term,
preventing negative legacies.

17.3 Purpose of initiative

The initiative pursues the development of a standardized monitoring and early-alert system applicable
to TSF such that, by means of an information management platform, can provide the involved parties
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(authorities, mining companies and communities) with quality, reliable and online information about
the dams’ behaviour in terms of physical (geotechnical) and chemical (environmental) stability. The
ultimate goal is to strengthen the preventive operational management, improve communications and
response among the parties when faced to unexpected emergency situations.

Starting as a voluntary program, in 2018, it was included in the Chilean National Policy for Tailings,
considering its potential application for all the 119 active mine tailings. Chile’s Mining Minister
Baldo Prokurica highlighted “The Transparent Tailings Initiative will position Chile as leader in the
management of information on the performance of these tailings deposits, through online monitoring
and accident prevention. All this through the delivery of timely information through the creation of the
nationalobservatory of tailings deposits, administered and operated by Sernageomin".

17.4 System design

The systlem is designed to raise and process information with different degrees of cemplexity and
frequendy in different types and life of cycle state of deposits. These tools make, up a system for
monitoring and analysing the performance of the deposit, where the general process)integrates a set pf
heteroggneous data such as visual inspection or instrument data, which are oftéa-massive, in mode]|s
that can|generate clear results to help decision-making, remote control and to‘achieve a progressiye
knowlegfe of the behaviour of the structure that, as a final purpose,-allows a clear and timely
communjication to different users

The aforpmentioned system exhibits two interrelated components: (1) the monitoring system including
the data| capturing methods and technologies, their collection and)storage, post processing and the
differentiated visualization of the data collected for the TSF ‘performance definition; and (2) the
early-warning system notifying events and alerts to the mainyactors involved: public entities, mining
companies, and communities, in case of eventual emergencies.

The monlitoring system is based on a standard that defines several technical criteria especially designgd
to monitpr and evaluate the physical stability of TSF.and its influence on surrounding waterbodies. Thijs
standard has been agreed upon by all the parties~¢omprising this public-private alliance. To evaluate
the physjical stability of TSF, a tool capable of assessing a TSF condition has been developed based gn
three main failure mechanisms (overtopping;piping, and slope instability) that can compromise the
physical|stability of such facilities. Thesexmechanisms contain two sequential assessment modulgs
differentiated by the frequency, volume,"and complexity of the information required. This physicpl
stability|assessment tool has been mainly conceived to learn and notify how deposits behave in fropt
of factorp such as location, selecteld design, and the operation, to have a comprehensive panorama that
helps enhance the TSF preventive.management. The standard consists of two interrelated modules that
are assegsed in sequence, as-shown in Figure 1, and described below:

— M1:|Module 1 Qualitative assessment: Qualitative verification tool that periodically assessgs
the physical vulgerability of the TSF and verifies the occurrence of aggravating factors, such as
deviptions fromithe design and events that can facilitate the triggering of a failure mechanism.

— M2:|Module; 2 Verification of 30 critical parameters and 12 failure scenarios: Monitoring topl
that|verifies the physical condition of the TSF by analysing the monitoring values of the criticpl
pargmeéters and their trends compared to threshold values. Exceedance of regulatory and site-
specific threshold values can activate alert signals or alarms depending on the severity of the
situation. This tool also verifies the combined occurrence of anomalous critical parameters values
and trigger events that can configure a failure scenario, whose definition depends on the analysis of
the most common types of historical failures.

The results of the assessments of these two modules M1 and M2 are used to issue an external
communication to the stakeholders about the physical stability of the TSF, considering following alert

types:

— Early preventive alert: This alert represents a normal functioning of the TSF, which is permanently
monitoring the critical parameters.
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— Yellow alert: This alert corresponds to an abnormal condition of the TSF that requires an
intensification of monitoring, inspection and control from both mining company and authority.

— Red alert: This alert is associated with a critical physical condition of the TSF that requires the
implementation of the emergency plan to evacuate the facility and the downstream communities.

Mine companies will operate and maintain the local system until TSF has been closed and closure
certificate has been received that certifies the full and timely compliance of the obligations established
in the mine closure law.
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18 Public private partnership funding mode of legacy Green Golden Lake coal
mining rehabilitation program, China

ey

8.1 Introduction of China managing mine legacy

Since 2000, Chinese Government has successively released a series of poli€iés, which aimed at improving
njine geological environmental conditions, including “Mine Geological Environment Pfotection
Regulations” and “Land Reclamation Regulations”. Management of-mining legacies is charggdd by the
municipal and county departments and funded by the special‘government funds. Besides,| Chinese
Gpvernment carried out special treatment program and mine-greening action for mine ggological
ehvironment restoration, for example, National Mine Parks program and a financial bond sygtem. An
efonomic mechanism for development compensation andprotection has been built gradually.

Tp improve the rehabilitation of mining legacies, thé.appropriate administration issued a document
about encouraging social capital to enter the minee¢o6logical restoration in 2019. Under this document,
the resolving of mine geological environment problems left by the historical mines was incofporated
nto the local government's objectives andstasks, social capital participation was encoufaged to
rcompany the local capital investment, and\the property right incentive policy was implemenged.

Y=

Under the new policy framework, the management of legacy mining was combined with the congtruction
of new countryside, the relocatien‘-of ecological immigrants, geological disaster treatme¢nt, land
r¢mediation, and the increase or'décrease of urban and rural construction land. And many sficcessful
ahd typical cases were explored,-such as Shimao Quarry Intercontinental Hotel (selected as (':{]e of the

orld's top ten architecturalkwonders), Zhejiang Suichang Gold Mine National Mine Park, Tangshan
nhu Park, Kailuan Coal Mine National Mine Park, Sichuan Jiayang Coal Mine National Mine Park, and
tlhe Huaibei Green Golden-Lake, and so on.

18.2 Green Golden Lake coal mining rehabilitation program

18.2.1 Background

The Gfeen Golden Lake is a successful case of rehabilitation of subsided land due to coal mining
in Huaibei, Anhui province. It was a serious damaged region with the sinking depth varyjng from
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damage, houses collapsed, roads and bridges broken, water pollution. More than 10 000 households in
11 surrounding communities were impacted. After the rehabilitation program, this area became an
ecological area characterized by water, forest, leisure and residence with high vegetation coverage, by
integrating ecological restoration, resource protection, scientific research, cultural creativity, tourism
and leisure. And the living conditions also got improved significantly. The area thus got a new beautiful
name “Green Golden Lake”.

18.2.2 Recognition of a financial problem that needed to be resolved

The Green Golden Lake coal subsidence rehabilitation program (from March, 2016 to the end of 2017)
is a national key project of mine geological environment treatment. The total budget was ¥ 2,2 billion.
However, the government's special fund for the rehabilitation of Green Golden Lake was only about
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¥ 0,2 billion. Compared with the total budget, there was a huge fund gap as high as ¥ 2 billion. So the
implementation of the program faced tough finance shortage problem.

To solve the large fund shortage, the program used the Public Private Partnership (PPP) financing
mode in 2015, and adopted the integrated government procurement service mode of "investment-
construction-maintenance-transfer”. In August, the program was bidding publicly on the government
bidding website. The local government, as the purchaser, selected two social investors through
bidding under the law. Then both sides signed the PPP agreement setting an investment return rate
and maintenance fee. Under the agreement, the investors were responsible for completing the project
investment, financing, construction and maintenance, while the government would pay the service

feesin 1
compeng
own the

18.2.3 1

Since thg
service |
a benign
and man
Both sid

18.2.4 Key learning for others

This cas
highlighf
Without
mine leg

19 Structured case studies

The casq
particuld
allows fd

D years, being responsible for the project design, supervision, land acquisition and relocatig
ation and coordination, included in the annual financial budget. At last, the government-ivotu
development right, use right and income of water areas, lakes and available land forméd;

valuation of performance of this initiative

b final acceptance of construction at the end of 2018, Huaibei City has paid‘the governmel
urchase fee on schedule under the agreement for three years, and the RPR. model has entere
development stage. In the PPP program, the advantages of the governfitent in planning, polig
agement, the social capital in construction, operation and maintenance were exploited full
s shared benefits and risks to achieve win-win cooperation.

b study illustrates the importance of the social funding in the mining legacy program. It als
s the importance of the cooperation of government\policy and social funds in the prograr
the social investment, it would be hard to maximize the effectiveness and the chance of tH
hcy restoration.

studies in Tables 1 to 5 follow an-alternative structured format. While giving insights g
Ir case studies, they also indicatehew a mining legacy inventory can be structured. This form
r the basic information to be included, and added to, over time.

n
d

nt
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Table 1 — Montjean sur Loire mines, France

Mining legacies - abandoned mine description

Location: In the west of France, Maine et Loire|Surroundings: [ cities /urban X village [X agricultural
department, between Angers and Caen cities,
very close to the town of Montjean-sur-Loire

in the village of Montjean, vineyards and the Loire river

Description: former mining sites are closed to individual dwellings

/ natural

Context(s)

[

Geology / hydrogeology / hydrology / climate description: Some 12 seams identified, oriented N12
tp 5 m] of thickness, [45° to 90°] of dip. Mineral deposit partially covered by Loire river‘and alluvium
g
(

limate, with fairly mild and rainy winters / dry and fairly hot summers, Precipitationtotals 695 mm
10 mm to 70 mm, average per month).

Main metal(s) / mineral(s) exploited: Coal (poor quality, used for local forges and not for the steel industry)

lacer

°, [0,5m
Oceanic
per year

Mining works &({’

\

Mining activities: [ Open pit exploitation [ Underground work [ Treatment facility & Mining wast|
200n 0 D LTS I O R STRTRPN, & WNPRRN

o N}

ctivity period(s): Coal mined since the 15th century. Main exploitationcbetween 1806 and 1892 (a strong
ater invades underground works stopping mining extraction).

roduction: 500 000 t between 1750 and 1892

=

xploitation methods / characteristics (extension, depth, dips, openings...): 1/ Many small isolated shd
ith former artisanal extraction on outcrops (< 20 m of depth). More than 40 shafts 2/ Wall mining meth
ort walls, “reverse benches shape” and backfilled upwards, [15 - 300 m] of depth and 10 levels, extension
-W and 500 m N-S.

re treatment methods (residues granulometry,’chemical used...): None (on site here)

aste storage facilities (type [tailings, heapyleach, waste rocks...] size, slopes, type of cover, basemg
Three flat waste-rocks heaps.

Available mining data: [X “Old” ones\(exXploitation period) [ “New” one (post-exploitation) X GIS o

[Jescription: 4 main mining plans of the old underground works and many Mining Engineer reports. 'l
dre georeferenced in a dedicated\GIS.

e storage
inflow of]
fts linked
ods, with
1500 m
ent, etc.):

es

he plans

C )\) Other(s) comment(s):

There is no document (plans) locating the old isolated shafts of the older exploitation period.
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Post-exploitation impacts

Impacts observed or identified

Cultural / social

Nature of impacts: Geotechnical [ Hydro(geo)logical [ Environmental [ Health safety [

014 T T

Description:

Impact Year / pe- |Description

1 1941 Local sinkhole, 2 x 6,7 m in surface (width x length), above underground min-
ing voids

2 2007 Local sinkhole on the head of a shaft partially backfilled. This event occurred
after a long rainly event.

3 2013 Main sinkhole, 8 m x 14 m in surface (width x length) and 5 myofdepth. The
roof of “supposed” underground works suddenly broke up. Three houses evacur
ated and one barn destroyed (fortunately no victims).

Post-exploitation management (\\‘

(Xl Safety works

Kind and step implemented: Xl Hazard / risk studies Specific on-site.jbvestigations / Monitoring

(I 1§ T3 TSSOSO ST

Description:

Impact Year / period Description 5\\)\ : Costs

1,2et3 2009-2010 A wide hazard study on the ~120 k€
Layon caaFBassin (16 former
licenses; including Montjean-
sur-Loire one). Local sinkhole
is.mostly mapped (with 3 lev-
els; weak, medium and strong)

1,2et3 2012-2013 Drilling campaign to precise  |~150 k€
risk level under houses located
in hazard area (strong and
medium levels).

3 2014-2015 Design study of a treatment  |~220 k€
solution. Implementation and
supervision of the backfilling
of the collapse and construc-
tion of a concrete slab

O : Other(s) comment(s):
None
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Table 2 — South Alligator Valley uranium mines, Australia

Mining legacies - Abandoned mine description

SE of Darwin - . .
f Description: Seasonal river valley in Sandstone escarpment

Location: Northern Territory, Australia 250 km | Surroundings: O cities /urban [village [ agricultural / natural

located in stage 3 of Kakadu National Park - World Heritage listed

country;

Context(s)

Main metal(s) / mineral(s) exploited: Uranium...

. I D N £ . I Colo £ e . s s . =] o £ .
TCOTITITCT UTOY Y, NUCRTTOSTTIITICTUToOY Y.~ ouu-altCUT OT Ty " C PTNITC TUTITOT pTic—ar uaritanit UCPUSTUS TIT TITCTUSTU

lpwer Proterozoic age. Deposits are strata and structure controlled
Mineral deposit: [1alluvial [ stratiform / layers (&l subvertical or [J subhorizontal) Xl Veins\[I1
L 010 4TSS TSR IS

S

ry sclerophyll forest

Geology / hydrogeology / hydrology / climate description: Wet dry tropics; rainfall 1 200'mm Septembey to April;

iments of|

lacer

Mining works A: |

fhcilities
Others: ...Mining camps
ctivity period(s): 1955-64 52 exploration sites and 17 mines; three proeessing sites
roduction: overall production ~975 t U308 also 312,5 kg Gold

xploitation methods / characteristics (extension, depth, dips, openings...): aerial radiometric surve)
any small explorations pads and roadways.

re treatment methods (residues granulometry, chemical used...): Three sites. Simple battery and han
attery and gravity flotation plant; small solvent extraction mill

aste storage facilities (type [tailings, heap leach, waste rocks...] size, slopes, type of cover, basemsg
nilings at mill deposited alongside river, waste rock piles throughout the valley

vailable mining data: ¥ “Old” ones (exploitation period) X “New” one (post-exploitation) O] Geograp}

t]
A
DJescription: Mining Reports with NT-Government Mines Department, reports on remediation and haza
t
H

rogrammes and monitoring poSt-remediation

ining activities: [X Open pitexploitation [X Underground work X Treatmentfacility &l Mining wastg storage

on programmes; Papers and presentations from NT and Commonwealth government agencies on remiediation

b, drilling.
d sorting;
ent, etc.):

ical ones

rd reduc-

. O\‘ Other(s) comment(s):

~

[igh level of consultation-and involvement with Indigenous Traditional Owners over many years. Hazard
orks for physical andradiological safety 1992; Full remediation 2006-7; monitoring ongoing post 2007

=

reduction
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Post-exploitation impacts
Impacts observed or identified

Nature of impacts: Geotechnical [ Hydro(geo)logical [ Environmental Health safety
Cultural / social

O 14T S
Description:
Impact Year / pe- |Description
1 1955-1995 |Physical safety from open shafts and adits; unstable pit walls
2 1962-0Ongo- |AMD flow from some underground workings
ing
3 1955-2006 |Exposure of cultural sites including stone arrangements and rock.art

Post-exploitation management nb‘v‘

Kind angd step implemented: X Hazard / risk studies Specific on-site investigations /Monitoring
Safety works

I O 0 =Y | KT ot

Description: Ground water chemistry monitoring and inspection of vegetdtion, fencing, surface stability
and radjation levels at containment annually

Impact Year / period Descriptioro\)‘ Costs

1 1992 Hazard reduction
programme to seal
shafts‘and adits, re-
strict access; signage;
collection and burial
of radioactive waste at
separate sites; demoli-
tion of mill site

2 2006-7 Remediation of all sites; |AUD 7,6 M
relocation of tailings
and consolidation of
waste to one engi-

neered containment

AUD 300 K

3 2007-ongoing Monitoring of ground-
water and stability of
containment

AV‘S Other(s) comment(s):

None
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Table 3 — Tybo tailings, USA

Mining legacy - Abandoned tailings impoundment description

Location: Tybo Mine Tailings Inpoundment, | Surroundings: [ cities /urban [ village X agricultural / natural

Uesrlopaels, Weweceis, L Description: Located 58 miles of Tonopah (population 2,478, 2010)

Context(s)
Main metal(s) / mineral(s) exploited: silver, gold, lead, zinc, and copper

Ore mineralogy, Rock host mineralogy: Rhyodacite- shattered porphyry along faultines.

Mineral deposit: [ alluvial [ stratiform /layers (I subvertical or [1 subhorizontal) Xl Veins [J~ Rlacer
010 4TS TSSOSOV OSSP PPPOPROPPRPNY oo 7000 OO

O

Geology / hydrogeology / hydrology / climate description: The site is located in the Basin @nd“Rangg geologic
Hrovince, characterized by repetitive north to northeast trending mountain ranges and broad-intérmontane alluvial
Valleys. The mountain ranges consist mostly of Tertiary volcanic rocks, with some Paleozoic limestone qnd other
sedimentary rocks outcropping near Tybo. The area is dry and arid, receiving only 11 inches/of precipitation per year.
The Tybo tailings lay within the Tybo Creek drainage east of the canyon where the canyon terminates into ghe valley.

RS

Mining activities: [ Open pitexploitation [ Underground work [ Treatment facility ¥ Mining waste storage
fhcilities

[ OtRETS: it s et e
Activity period(s): 1866-1945

roduction: $6,8 million

Mining works

xploitation methods / characteristics (extension, depth;dips, openings...): Several underground shaf}s located
ip Tybo Canyon mined oxidized ore for silver along fault lings to depths of 450 feet

re treatment methods (residues granulometry, chemical used...): Cyanide leaching

aste storage facilities (type [tailings, heap leach, waste rocks...] size, slopes, type of cover, basemént, etc.):

sulfide ore tailings
Available mining data: X “Old” ones (exploitation period) [ “New” one (post-exploitation) (1 Geograpljical ones
11 LT3 )01 (0 ) o A S
s Oth .
.. ther(s) comment(s):

(Yther sources: Nash, J.T. 1994. Geplogical signatures of silver and gold deposits, Tonopah 1degreex2degree quudrangle,
Nevada-description and applications to exploration. United States Geological Survey Bulletin 2077.Availaple online

t: https://pubs.usgs.gow/bwl/2077/report.pdf

S
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Post-exploitation impacts
Impacts observed or identified

Nature of impacts: [ Geotechnical K Hydro(geo)logical [ Environmental [ Health safety O
Cultural / social

IO =) S TP
Description:

Impact Year / pe- |Description

1 Ongoing Inter-braided drainage channels transect the tailings impoundment. During

storm events and snowmelt, red acidic sulfur-odored water flows fromche
impoundment into the drainages and nearby pond areas. Due to the woltime
and age of the tailings, gradient of the inclined alluvial fan, propensity for flas
flooding within the watershed and lack of effective waste source containment
the tailings are subject to extensive off-site migration via the Surface water
pathway. Tailings impoundment measuring approximately, length 1,000 feet x
width 600 feet; surface area of (10 to 12) acres. Depth dt dam is estimated to
be 20 feet thick and tapering to the west. Substantial tailings deposition along
Tybo Creek has been observed for several miles downgradient of the site.

Post-exploitation management 6\ )

~

Kind and step implemented: Hazard / risk studies [J Specific-on-site investigations /Monitoring
(%] Safety works

IO 13413 T ST .
Description:
; S
Impact Year / period Q&trzptlon Costs
1 2014 An HHRA was com-

pleted in 2014 and
elevated arsenic

risks for recreational
visitors were detected
for adult and child in
the upper areas and
acceptable risk in the
lower areas. Ecolog-
ical risks identified,
though in an unlikely
scenario, were arsenic
and lead.

\0‘( Other(s) comment(s):

Local mpnagenient felt that the site 'looked bad' (coloration, odours) and encouraged the Abandonef

ands ‘program prioritize the site for funding. The program asked the AML team to conduct ah
HHRA tdetermine ri . D A indicate s ) S anmas
to be in poor condition, it does not pose an immediate human or ecological risk. Reducing access to the
site was recommended. With the expanded knowledge of the risks at the site, the national AML program
continues to focus efforts on sites that pose a higher risk. This site is under the jurisdiction of the US
Department of Interior, Bureau of Land Management, Battle Mountain District, Nevada
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Table 4 — Remediation Klaraschacht, Germany

2023(E)

Abandoned mine description

Sulzbach

Location: Southwest Germany, Saarland, |Surroundings: O cities /urban [X village [ agricultural / natural

Description: Residential area next to a forest area and a highway

Context(s)

Main metal(s) / mineral(s) exploited: Hard coal

Mineral deposit: [ alluvial [ stratiform /layers (& subvertical or O subhorizontal) [ Veins [ Placer

[ O N 4T T

4311,75 mNN, friable mudstone up to +308,75 mNN, carbonate rock formation below +308,75 mNN

(Geology / hydrogeology / hydrology / climate description: ground surface level: +315,75 mNN;bacKfill level:

roduction: 1890 - 1937
xploitation methods / characteristics (extension, depth, dips, openings...): longwall mining

re treatment methods (residues granulometry, chemical used::.): None

rlearby mining heap

X

DJescription: georeferenced mine plans, drilling data, as-built plans after backfill

Mining works 0\; V
Mining activities: [ Open pit exploitation [X Underground work [ Treatment facility[\Mining waste storage
fhcilities
O T SRS I

Activity period(s): Construction of the shaft: 1885, commissioning: 1890, decommissioning: 1937, back(fill: 1940

aste storage facilities (type [tailings, heap leach, waste rocks...] size, slopes, type of cover, basemé¢nt, etc.):

vailable mining data: [¥ “Old” ones (exploitation period) [ “New” one (post-exploitation) & GIS orjes

Ot(i\ﬁ.‘s') comment(s):

© IS0 2023 - All rights reserved
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Post-exploitation impacts

Impacts observed or identified

Cultural / social

Description:

Nature of impacts: Geotechnical [ Hydro(geo)logical [ Environmental Health safety [

Impact |Year / period

Description

1 1540

backjill with [oose material and fencing

Post-exploitation management

SV

Kind and step implemented: X Hazard / risk studies Specific on-site investigations / Monitoring

[x] Safety works

Description:

Impact Year / Description ('1/\)‘ Costs
period L~

1 2016 - Risk management based on mine plans and drilling data,remedia- |~115 k€
2019 tion concept

2 2020 Removal of 22,25 m backfill material, installation of'a degassing ~330 k€

unit, backfill with 500 m3 concrete, remediation.of the surface

Other(s) comment(s).\'\\‘

None

32
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Table 5 — Remediation of the near-surface mining area at ‘Braut in Kiipperswiese, Germany

Abandoned mine description

Location: Germany, North Rhine-Westphalia, | Surroundings: ¥ cities / urban [ village [ agricultural / natural

2l Description: Residential area with main road, roughly 800 m dis-

tance to the river Ruhr
Context(s)

Main mineral exploited: Hard Coal

andstone and shale bed rock including several hard coal seams with varying thicknessyand a 40 gpn dip to
outh-east

0
Geology:
S
S

Mining works nb&w

Mining activities: [ Open pit exploitation [ Underground work [ Treatmentfacility [1 Mining wastk storage
fhcilities

[ O N 4T3 TS S

h

ctivity period(s): Near-surface hard coal mining
roduction: 1825 - 1916

xploitation methods / characteristics (extension, depth, dips, epenings...): Near-surface longwall mining
re treatment methods (residues granulometry, chemical\used...): None

aste storage facilities (type [tailings, heap leach, waSte rocks...] size, slopes, type of cover, basemént, etc.):
None

h

vailable mining data: [¥ “Old” ones (exploitatieirperiod) [ “New” one (post-exploitation) X GIS orjes

DJescription: mining plans of the mines “BrautinKiipperswiese”, “Pauline” and “Vereinigte Braut Kreftenscheer 2
\L\vther(s) comment(s):
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Post-exploitation impacts

Impacts observed or identified

Cultural / social

Nature of impacts: Geotechnical [ Hydro(geo)logical [ Environmental Health safety [

O 13 T T
Description:
Impact |Year / period |Description
1 T9T6 Sealing of the mine entrances
Post-exploitation management (\(],‘)

Kind and step implemented: X Hazard / risk studies Specific on-site investigations / Monitoring
(Xl Safety works
IO ) 3 TSSO
Description:
Impact |[Year / period |Description A%‘ Costs
1 2015 Risk assessment regarding the structural integrity of)the topo- |~110 k€

graphical surface based on drilling results (~350.m1)

Additional drilling (~2 100 m) and back filling©f'the open cavi-

ties with position stable material (~490 t)

Other(s) comment(s): \Q -
None
34
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Table 6 — Multiple mining legacies near Pontgibaud - Auvergne, France

Mining legacy description - abandoned mine

Location: Centre of France, 20 km west from | Surroundings: Village

Clermont-Ferrand o . . . . ..
Description: Mining sites close to villages, 4 main mining wastes

dumps next to river and one next to Pontgibaud village
Context(s)
Main metal(s) / mineral(s) exploited: Lead, zinc, silver, antimony

o . exploited)

dnd ZnS and a few FeCuS2. Rock host is gneiss and basalt, quartz and barytine.

ineral deposit: Veins
thers: No data

@
Geology / hydrogeology / hydrology / climate description: Basalts and gneiss, small montains (between
500-1 200 m asl), groundwater in basalt layers, continental weather

Mining works A_‘ |

Mining activities: Open pit exploitation: no / Underground work: 68 km of ‘galleries, 60 shafts / Tfeatment
hcility: 4 / Mining waste storage facilities: 4

—

Qthers: / Description:
ctivity period(s): 1838-1897.
roduction: Pb: 50 000 t, Ag:100t,Sn:4 000t

xploitation methods / characteristics (extension, depth, dips, openings...): Underground extraction|between
5-250 m deep

re treatment methods (residues granulometry, chemical used...): crushing, hand and mechanical sorting,
ravimetric separation (washing, decantation,...) and roasting.

X

aste storage facilities (type [tailings, heap leach, waste rocks...] size, slopes, type of cover, basemént, etc.):
Hour main TSF (total of 200 000 m3), no cover, no basement sealing

Available mining data: “0ld” ones (expleitation period): yes / “New” one (post-exploitation): yes / Geographical
dnes: yes. Description: Many mining plans: Data in dedicated GIS

) o Other(s) comment(s):
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