INTERNATIONAL ISO
STANDARD 21795-2

First edition
2021-10

Mine closure and reclamation
planning —

Part 2:
Guidance

Planification de la fermeture’et de la restauration des mings —

Partie 2: Recommandations

Reference number
1SO 21795-2:2021(E)

© IS0 2021


https://standardsiso.com/api/?name=737678a92d01bbb789048bf219c1dc37

IS0 21795-2:2021(E)

COPYRIGHT PROTECTED DOCUMENT

© 1S0 2021

All rights reserved. Unless otherwise specified, or required in the context of its implementation, no part of this publication may
be reproduced or utilized otherwise in any form or by any means, electronic or mechanical, including photocopying, or posting on
the internet or an intranet, without prior written permission. Permission can be requested from either ISO at the address below
or ISO’s member body in the country of the requester.

ISO copyright office

CP 401  Ch. de Blandonnet 8

CH-1214 Vernier, Geneva

Phone: +41 22 749 01 11

Email: copyright@iso.org

Website: www.iso.org

Published in Switzerland

ii © IS0 2021 - All rights reserved


https://standardsiso.com/api/?name=737678a92d01bbb789048bf219c1dc37

IS0 21795-2:2021(E)

Contents Page
FFOT@WOTM........cocccocovvveeee e85 5558555555588 vii
IIMEIOMUICTION ..o viii
1 SCOPI@ ... 1
2 NOIMATIVE FEEETEIICES ..........cccoo e 1
3 Terms and defiNETIONIS ... 1
4 ——€losureandreclamationofaminesite
4.1 GENETAL..ooi s
4.2 Tailings storage facilities..
4.2.1  GENETAL ooy e e
4.2.2  ODJECTIVES oo o o]
4.2.3 Approach
4.2.4 Status and condition asSeSSMENt. ...z B b
4.2.5 RISK @SSESSIMENT ..o sesien e Mo
4.2.6 Closure and reclamation alternatives analyses.
4.2.7 Closure and reclamation plan..................q
4.3 Water storage facilities ...,
4.3.1 General ..o
4.3.2  ODJeCtiVES ..o
4.3.3  APPIOACH e A e
4.3.4 Status and condition asSeSSMENT... LoD i
4.3.5 Riskassessment.......n@is
4.3.6 Closure and reclamation alterhatives analyses.
4.3.7 Closure and reclamation plan..............
4.4  Waste rock dUmMPS .o e
441 General
N 0] o) 1= L et
4.4.3  APPIOACH ot ls S
4.4.4 Status and condition assessment
4.4.5  RISK @SSESSIMENT .....oooccoooeooeeeeeeeeeeeeeseseees oo
4.4.6 Closureand reclamation alternatives analyses
4.4.7 Closure,and reclamation plan
4.5  Heap leachfacilities.........cn
.51 GOIETAL ..o
4.5.2 CAODJECTIVES .o
4.5'3) Approach
4,5.4 Status and condition aSSESSMENT. ...
A.5.5  RISK @SSESSIMENT ..o
4.5.6 Closure and reclamation alternatives analyses.
4.5.7 Closure and reclamation plan.................
4.6 OPEN PIES oo
4.6.1 General....
4.6.2 Objectives
4.6.3  APPIOACK .o
4.6.4 Status and condition @SSESSIMENT ...
4.6.5 RisK aSSESSMENT ...
4.6.6 Closure and reclamation alternatives analyses.
4.6.7 Closure and reclamation plan..........
4.7 Underground wWorkings..........cnn
471 General
47,2 ODJECTIVES oo
4.7.3  APPTOACK e
4.7.4  Status and condition assessment
4.7.5  RISK @SSESSIMENT .....oooioooooeeeeeeeeeeeseeee oo

© 1S0 2021 - All rights reserved iii


https://standardsiso.com/api/?name=737678a92d01bbb789048bf219c1dc37

IS0 21795-2:2021(E)

4.7.6  Closure and reclamation alternatives analyses
4.7.7  Closure and reclamation plan...........
4.8 Mine infrastructure
B.8.1  GOINETAL .o
48,2 ODJECTIVES ..ot
4.8.3 Approach
4.8.4 Status and condition assessment
4.8.5 Risk and opportunity aSSESSIMENT ...
4.8.6 Closure and reclamation alternatives analyses
4.8.7 Closure and reclamation plan............
49 Yemporatyelostte—mM8 —M¥@ —M¥8¥M¥M M .27
BN 071 s 1<) =Y IO A .
49.2 Objectives
49.3 Status and condition aSSESSMENT. ...y e .
49.4 Risk and opportunity asseSSMENT ... glsiebte oo -
49.5 Closure and reclamation alternatives analyses
49.6 Closure and reclamation Plan. ... B e .
Land reclamation and water management. ... e .29
51 E2 1 0 16§ 0] 0 3OS 45 ess .
T8 0 O € T-) =) - 1 ST S SO .
5.1.2 Objectives...
5.1.3 Approach .
5.1 PLATN s e .
5.2 Surface preparation ..
5.2.1 General...
5.2.2 ODJECTIVES oo N ettt -
5.2.3  APPTOACK e .
5.3 Vegetation establishment
5.3 1 GEINETAL o S e .
5.3.2  ODJECTIVES ..o Bt -
5.3.3  APProach .. e
5.3.4 Evaluating site conditions for revegetation: .
5.3.5 Selection of revegetation approaches........
5.3.6 Revegetation planin ...
5.3.7 Monitoring and adaptive management...
54 Water MaANaGEIMIEIIE L .. oot .
54T GENETAL 1l .
5.4.2 Objectives..
5.4.3 Approach
5.4.4 Water management plan
5.5 Watertreatment. ...
5.5.1
SI552  ODJECEIVES oo -
S55.3 APPTOACK e .
S04 nncign
5.5.5 Operations and MaiNTENANCE ... e
5.6 COVT'S .ot
5.6.1 General ...,
5.6.2  ODbjectives ...
5.6.3 Cover design ...
5.6.4 Modelling and field testing
5.6.5 Monitoring and maintenance aspects specific to covers
5.6.6 Consideration of cliMate ZONES ...
5.6.7  ODJECTIVES .ottt
5.6.8 Wet and tropical climates
5.6.9 Arid climates.......cis
5.6.10 Cold climates
5.6.11 TeMPEIate CHIMATES ..o

© IS0 2021 - All rights reserved


https://standardsiso.com/api/?name=737678a92d01bbb789048bf219c1dc37

5.7 Climate change effects...

IS0 21795-2:2021(E)

5.7.0 GEINETAL .o
6 Stakeholder @NGaBeIMIENIL...................oooiii et
6.1 General
6.2 ODJ@CTIVES ..
6.3 ADPDIOACK ..t
6.3.1  General ...
6.3.2 Stakeholders identification
6.3.3 Special rights holders
6.3.4 Indigenous peoples.....
6.3.5 Stakeholder mapping......
6.3.6 Engagement methods
6.3.7 ReSPONSE PIrOZIaAIML... oo L e
6.3.8 Social transition — Post-closure and reclamation stakeholder agreems
6.3.9  Engagement Plan ... e e
6.3.10 Engagement and reporting frequency
7 Decision and analysis tOOIS. ... i)
7.1 DESIGN LEVELS .o i
7.1.1 General
712 ODJECEIVES ooty oot
713 APPIOACK oS
7.1.4 Conceptual design level........cccee
7.1.5 Pre-feasibility design level
7.1.6 Feasibility design level.................4a0
7.1.7 Detailed design level...................@....
7.1.8  As-built dOCUMENETATION. ..ooooooc s
7.19 Application of design levels.to mine closure and reclamation planning.J............... 52
7.2 Alternatives identification and analysis
7.2.1  General ... @y
7.2.2  ObDJECLIVES oo oo T
7.2.3  APProach ...l
7.2.4 Technology scTeening ...
7.2.5 Options SCEEENING........coviciiivciin
7.2.6  OPtiONSARAIY SIS ..ooooooieeeieeeeee s
7.2.7 Stakeholder enNgagement . ... ...
7.2.8 Dogunientation
7.3 Designing,and operating for closure and reclamation
7.3 1 CAGENET AL .....oooo s
7.3.2 ) Objectives
7.3.3 Approach....
.34 D@SIGN CTITOTTA .oooiiieeie s
7.3.5 Documentation
7.4 Risk assessment and management
2 S T =) - U SR
LA L ODJECTIVES ..o
74.3  APPTOACK oo
7.4.4 Corporate role in risk management and resilience engineering
7.4.5 Management Of ChANEE . ...t
7.4.6 Assessing the risk of design or operational failure in meeting design
ODJECEIVES ..o
7.4.7 Resilience requirements
722 T T o USSP
7.5 Cost estimating.....
7.5.1 General..
7.5.2  Objectives
7.5.3  APProach ...
7.5.4 Level of cost estimates

© IS0 2021 - All rights reserved v


https://standardsiso.com/api/?name=737678a92d01bbb789048bf219c1dc37

IS0 21795-2:2021(E)

7.5.5
7.5.6
7.5.7
7.5.8

7.6 Performance monitoring and reporting

7.6.1
7.6.2
7.6.3
7.6.4
7.6.5

766
70O

Cost estimating methodology ...
Guidance for the purposes of cost analysis
Cash flOW COSES ...

FINANCIAL PLATL. s

7.6.7

7.6.8  MONITOTING PIAT ..oooiiii et .
7.6.9 Corrective action plan
7.6.10 Peerreview..............
7.6.11
7.6.12
7.7 Adaptive management............onn
771  General ...
7.7.2  Objectives
7.7.3  AppProach ...

Bibliography........

7.74 Adaptive management plan
7.8 Application to the long-term care phase

Compliance and action trigger levels

Vi

© IS0 2021 - All rights reserved


https://standardsiso.com/api/?name=737678a92d01bbb789048bf219c1dc37

Fo

IS0 21795-2:2021(E)

reword

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 provides guidance for mine closure and reclamation planning applicable to both new and
operating mines. The overarching objective is to promote consistency and quality in planning for mine
closure and reclamation internationally. ISO 21795-1 provides requirements for the same material.

The intended audience are those with responsibility for, or an interest in, planning for mine closure and
reclamation. This includes mine planners and designers, mine operators, regulators, environmental
assessors, communities, indigenous peoples, and financial stakeholders, amongst others.

Mine plan
process. Ez

new and operating mines because it:

There are
planning a
document

viii

leads t
closur

reducsd

allows

brought into the planning process;

allows
opport

helps K

Mg, desigh and operations must be tully Integrated wWith the Closure and rectama
rly, continual and comprehensive mine closure and reclamation planning is essential fo

e and reclamation planning is not done from the beginning of the mining préject;
s risks and liabilities throughout the mine’s operational life and on closure;

for stakeholder involvement throughout, so that relevant knowledge and understanding

unities for the various closure phases;

uild trust with governments, stakeholders and intetnational communities;

provi

and sofio-economic context of each mine site;

provi

allows

provides time to identify, research and_develop new technologies for mine closure strategies

mine g@
and

allows

s additional planning time to understand the edmplexity of the biophysical characteris

s for continual improvement and updating of closure and reclamation plans;

companies to better integrate closuré-and reclamation activities with operations;

losure treatments that increase robustness and resilience of mine closure and reclamat

companies to better provision for and schedule closure and reclamation funding.

many leading practices and guidance documents related to mine closure and reclama
Uailable in various’jurisdictions and used by many mining companies and stakeholders. ]
Captures thelintent of such guidance documents so that it can be applied globally.

Fion
- all

p the highest degree of environmental and social success, usually at a lower cest than if nhine

are

for devoting more attention to sustainable development activities identifying socio-econgmic

tics

and
jon;

fion
his
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Mine closure and reclamation planning —

Part 2:

Guidance

1 [Scope

This document provides guidance related to the necessary mine closure and reclamatiop planning
activities for new and operating mines. Recommendations are provided on:

— |closure and reclamation of a mine site;

— |land reclamation and water management;

— |stakeholder engagement;

— |decision and analysis tools.

The following aspects of closure and reclamation are not addyressed in this document:

— |infrastructure such as rail lines, ports, off-site ore loaders, power stations, etc. that are|associated

Thd
con

with the mine operation, but which are not locatedat the mine site;

requirements, or detailed construction and@perational procedures; occupational health

relinquishment of a closed and reclaimed mine site, or portions thereof, to a party (gover
private entity) not related to the-hiihe operator;

specific requirements for dealing with the radiological aspects of mine closure and r¢
such as those that occur-at uranium mining and processing facilities and other mine
naturally occurring radigactive materials are present; however, the other aspects asso
closure and reclamation of these mines are included in this document; and

closure and reclamation of abandoned mines.

Normative references

following documents are referred to in the text in such a way that some or all of th
Stitutes requirements of this document. For dated references only the edition cited 4

at=Zd rafaranonc thaolotact aditios b o o foranond do ot

management related to closure and reclamation, construction and exploration activitieg;

detailed survey, testing or monitoring methods, detailed engineering procedures, detailed product

and safety

g

nmental or

clamation,
s at which
riated with

pir content
pplies. For

un

ISO
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For
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20305, Mine closure and reclamation — Vocabulary

Terms and definitions

the purposes of this document, the terms and definitions given in ISO 20305 apply.

7ts) applies.

ISO and IEC maintain terminological databases for use in standardization at the following addresses:

©IS

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

IEC Electropedia: available at https://www.electropedia.org/
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4 Closure and reclamation of a mine site

4.1 General

During the mine closure and reclamation planning and design process, a significant amount of
knowledge from a range of internal and external sources, including government agencies, consultants,
indigenous peoples and other landowners/users, downstream water users, as well as from field
investigations, laboratory testing and field trials and research, is collected. This data collection process
should be initiated early in the mine life cycle in order to produce a more comprehensive and precise
database. The collected data should be summarized in reports, maps and electronic information in
a form thafcan be used 1n geographical Information systems (GIS) and, If necessary, be providefl to

stakeholdg
undertake

4.2 Taili

4.2.1 Ge

Tailings st
and reclain

rs. Digitizing and geo-referencing old maps found in various archives should be aveide
W with care, since their quality can be quite poor.

ngs storage facilities

neral

rage facilities (TSFs) are frequently amongst the largest and most-complex facilities to c

liquefiable
a closed

ine site; a catastrophic failure of the containment dam_c¢an lead to loss of human life

h. Since they also frequently involve the long-term storage of millions of tonnes of potenti
finely ground materials and large water volumes, they cad,répresent the highest risk

l or

ose
ally
S at
and

extensive, |irreversible environmental damage. The structures.rétaining the tailings are typig
engineered dams that rely on sound foundations and internal draihage systems to remain stable; t
therefore rfequire sophisticated long-term care programs, inchuding professional engineering overs
ing, inspections, and maintenance.

ally
hey
ght

criteria, such as the geotechnical criteria’for confirming dam stability (e.g. the de
earthquake) and the hydrological criteria (e.g. inflow: design flood volumes and peaks flows) at a
can requirg to be augmented at closure. This is*because the closure period is much longer than
operating period, and more stringent design criteria with lower frequencies of occurrence are nee
to reduce the annual probabilities of failure-te:a reasonable value for the long-term closure period. ]
can requirp the installation of additional engineering measures, such as dam support buttresses

bign
TSF
the
ded
Chis
and

larger spill

Tailings cal
in a comp3
sufficient g

ays.

h also be filtered to remoye excess moisture, and the resultant tailings waste can be sta
cted pile, referred t¢ as a dry stack. Dry stack tailings are typically unsaturated and N
trength to be placed in compacted layers without a containment dam. In some cases, {

can contain enough moistur@to render them liquefiable, which requires some form of containment.

stacks typ
monitoring
erosion, th

cally require)less intensive post-closure and reclamation care and professional oversi
and inspégtions than tailings dams. Since dry stacks are susceptible to water and w
ey can réquire long-term maintenance.

red
ave
hey
Dry
ght,
ind

In some regulatory jurisdictions, TSFs that contain water or liquefiable tailings are classified as dams
and requife-Sophisticated long-term care programs, including professional engineering oversfght
monitoring, inspections and maintenance as discussed above. Dry stacks on the other hand, can
be classified as waste piles, and similar to waste rock dumps discussed in 4.4, require less care and
maintenance than a TSF.

Subclauses 4.2.2 to 4.2.7 apply to TSFs. Generally, these are also applicable to dry stacks. Were these
requirements differ from those for dry stacks, these differences are noted. Furthermore, many of the

approaches described in 4.5, for heap leach facilities, also apply to dry stacks.

4.2.2 Objectives

Specific long-term objectives for the closure and reclamation of a TSF include:

— theclo

sed TSF should be non-polluting;

© IS0 2021 - All rights rese
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— tailings disposal structures should remain physically stable with regards to both overall stability of
the major structures and erosion resistance;

— long-term maintenance requirements should be minimized; and

— suitable design criteria should provide for an acceptably low risk over the long-term.

4.2.3 Approach

Subclauses 4.2.4 to 4.2.7 describe the following actions that should be undertaken for the preparation
of closure and reclamation plans and designs for a TSF:

— |assessment of the status and condition of the TSF (4.2.4);
— |risk assessment of the TSF (4.2.5);
— |closure and reclamation alternatives analyses (4.2.6); and

— |closure and reclamation plan (4.2.7).

4.2/4 Status and condition assessment

The status and condition of the TSF should be known in order,to’complete an effective dlosure and
reclamation design. During the mine planning phases, the TSFmay not exist, in which cas¢ its design
can|serve as a basis for closure and reclamation planning and{design. During operations and prior to the
implementation of closure and reclamation, the conditignand status of the TSF should be defermined.

Infqrmation required to determine the TSF status and‘ondition includes the following:
— | TSF site climate, geology, hydrology and hydrogeology;

— |design drawings and specifications er “as-built” details, drawings and construction quality
assurance/quality control (QA/QC) results;

— |predicted and actual physical anid'geochemical characteristics of the tailings, where:

— physical characteristicshinclude the particle shape (e.g. granular or fibrous), pqrticle size
distribution and the moisture content, and

— chemical charagcteristics include the mineral types, the presence of minerals that react with air
and water to.re€lease soluble contaminants, and residual reagents, amongst potentjally others
factors;

— |predicted and actual water balance of the TSF; and
— |for existing TSFs:

—_reports on the geotechnical inspections and dam safety reviews,

— reports by the engineer of record (EOR) and any other peer reviewers,

— surface water and groundwater monitoring data to assess the extent, if any, of leakage that
occurred from the facility, and

— information on any progressive reclamation performed.

If the TSF contains tailings with sulphide or other reactive minerals that have the potential to cause
water quality impacts other than suspended sediment issues, then the following additional information
should also be assembled:

— predictions and measurement of pore water, pond water and seepage quality from the active TSF;

— acid base accounting, based on laboratory testing; and

©1S0 2021 - All rights reserved 3
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— humidity cell and/or field scale barrel testing.

This testing and information should provide data on both the quality and quantity of water that
infiltrates through the waste, and the quality of runoff that passes over the waste.

As part of the status assessment, the long-term performance of the embankment construction materials
and the performance of any internal drains should also be assessed. Embankment construction
materials subject to accelerated weathering and degradation can result in reduced strength over the
long-term, potentially requiring reinforcement of the embankment, such as a downstream buttress
fill. Oxidation of iron or chemical reactions by other constituents in embankment seepage can cause
blockages of key drain systems in the embankment, which are intended to prevent the build-up of water

pressures {
these issud
or constru
pressures

In some in
materials I
Where thi
formations
groundwat

These requ
stated abo
and not as

4.2.5 Rig

A formal

s should be addressed during closure and reclamation, by installing additional drains
'ting a buttress below the toe of the embankment to increase its stability under higher w
n the downstream shell.

btances, e.g. where the groundwater table rises due to seepage from the TS§F)the founda
ave the potential to impart dissolved salts or metals to groundwater under the embankm

occurs (e.g. TSFs constructed on desert salt flats), the water quality impacts of t}
should be assessed using testing of foundation samples during mine-planning, as well a
er and seepage monitoring during operations.

»]

irements are generally applicable to a dry stack. In the case‘ef a dry stack, the requiremd
7e for the tailings generally apply to the stack. Furthermore, dry stacks are closed as f
water retaining structures.

ik assessment

reclamatio

and, as negessary, each time it is updated, and forthe completed mine closure and reclamation. ]
assessmenf should identify potential failure modes and consequences. Examples of where an updd

risk asses

habitation$ have moved closer to the embankment and where the tailings properties are differen
those origipally anticipated, among others:

A closure 4
consequen
assessmen
water or cq
for condud
emergency

4.2.6 Clgsure.and reclamation alternatives analyses

During the

Fisk assessment of the mine closure and feclamation plan (or completed closure
) for the TSF should be completed whenthe closure and reclamation is first prepd

ent is required include where theé.émbankment height exceeds the original design, wi

nd reclamation dam breagh assessment should be considered both to determine the clos
Ce classification and-as-input to the emergency response plan for the TSF. Dam brg
s, including flood extent (inundation) maps, should be conducted for all TSFs that will s
ntain liquefiabletailings in the long-term. Appropriate international guidelines are avail
ting dam bredach assessments. Based on the results of these assessments, an appropr
and preparedness and response plan should be prepared and implemented.

initial mine closure and reclamation planning process, a wide range of closure alternat

hat can cause embankment failures. While this is not expected during the operations phpse,

d/

hter

fion
ent.
ese
5 by

bnts
iles

and
red
Chis
ted
lere
t to

ure
ach
ore
hble
iate

ves

should be considered and screened down to a shortlist of more viable alternatives. These alternat

ves

should then be subjected to a more detailed comparative analysis, followed by the selection of a
preferred alternative.

The initial

closure alternatives that should be considered include:

— in-place closure options, such as:

— a drained-down facility with a cover and surface water diversions around the TSF; different
cover types can be considered including soil, vegetated soil, rock and gravel, store and release

to

reduce infiltration, and layered impermeable to eliminate infiltration, and
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— a “wet” facility containing a water cover over the tailings and spillway, often considered for
reactive tailings;

relocation options, such as:
— relocation of some or all tailings into a mined-out pit or pits, and

— relocation of all or some of the tailings into a new facility; this is usually not a viable candidate
during initial planning but should be considered where an operating TSF fails and is not readily
repairable;

whith-aretypieatyconsid s-the-tnitialptaning stages,
f early and integrated mine closure and reclamation planning

in accordance with the princi
closure.

ple o

br updates of the mine closure and reclamation plan usually should not require-the id¢ntification
analysis of alternatives, unless the previously selected plan is determinedtg-be no longer feasible.
5 can include, for example, where physical or chemical characteristics of the'\tailings are significantly
erent from those originally predicted, or where mine plan changes require a significantly smaller
hrger TSF. If a previously selected plan is determined to be no longér)feasible, a limited{number of
rnatives should be considered in conjunction with updating the mine closure and reclamjation plan.

dry stacks the list of closure alternatives is shorter and typieally includes:
in-place closure options, such as:

— closure based on the as-place topography,

— regarding to flatten slopes, and

— different cover types;

relocation options, such as:

— relocation of some or all the tailings into a mined-out pit or pits, and

— re-use of some or all of thé tailings.

7 Closure and reclamation plan
TSF closure and reclamation plan should generally include the following:

general description of the TSF, deposition plans and history (where available), cqnstruction
techniques used and operational processes;

description of the general status of the structure and its contained tailings;

cutrent landform and its relationship to the final storage geometry, as well as to the dlosure and

reclamation design;

current survey plan of the facility (showing past and future staged earthworks);

condition of embankment used to contain the tailings, including an assessment of the impacts on
stability of long-term weathering of the fill materials, as well as the performance of any drains
needed to limit water pressures in the embankment;

overall long-term water balance of the facility;
considerations of climate change and the necessary design adjustments;

general water management plans including, as necessary, seepage collection and management,
surface water management, the design of treatments to manage seepage and to dispose of any water
treatment residuals;
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rainfall from the design flood event;

reclamation cover, and rehabilitation process;

maintenance needs;

post-closure and reclamation;

long-term flood management strategies, as well as the strategy for containment or deposition of

sources and properties of materials that should be used as part of the decommissioning, closure and

proposed surface drainage works, including civil engineering design, construction and ongoing

consideration and risk management of extreme events (e.g. drought, flood, fire, earthquake) during

overal
or dra
tailing

surfac
and sy
requir

4.3 Wat

4.3.1 Ge

Water stor
term to pr
- or a coml
sound foun
a sophistic
inspection

closure and reclamation strategy for the TSF landform, addressing factors such as reten
nage of incident rainfall, cover types required, and revegetation of covered or uti¢ovg
S;

b treatment to minimize erosion (via rock cover and/or vegetation), sustain vegeta
pport proposed rehabilitation design and stabilization works; and menitoring and a
bments for closure and post-closure.

er storage facilities

neral

age facilities (WSFs) can either be decommissioned on closure or retained over the 1
pvide for future water supplies, water treatment systeins, recreation or aquatic ecosyst
bination of these. The structures retaining water,dre typically engineered dams that rel
dations and internal drainage systems to remain-stable. If retained, these structures req
ated long-term care program including professional engineering oversight, monitor
5, and maintenance programs. They also.¢can represent risks at a closed mine site ar

catastrop

The desig

fion
red

[ion
hdit

ng-
bms
 on
lire
ing,
da

ic failure of the containment dam can lead to loss of human life and environmental damage.

criteria, such as the geotechnicalicriteria for confirming dam stability (e.g. the des

earthquake) and the hydrological criteria_(€e.g. inflow design flood volumes and peaks flows)
water storfjge embankment can require.to.be augmented at closure. This is because the closure pe

is typicall

much longer than the opgerating period, and more stringent design criteria with lo

frequenciep of occurrence are needed-to reduce the annual probabilities of failure to a reasonable v
for the long-term closure period=~This can require the installation of additional engineering measufres,

such as da

4.3.2 Ob

support buttressés,;and larger spillways.

jectives

Specific long-term.@bjectives for WSFs are determined by the mine closure and reclamation objecti

and includ¢:

h

the watér retaining structure should remain stable in the long-term;

—

gn
ht a
fiod
wer
hlue

VES,

objectives and relevant regulations;

security of the facility;

conditions should be considered if appropriate;

long-term maintenance requirements should be minimized; and

© IS0 2021 - All rights rese

the long-term water quality regime should be consistent with the mine closure and reclamation

sediment accumulation over the long-term should not impair the future intended use or safety and

appropriate flood design criteria and adequate provision for water storage during drought

suitable design criteria should be selected to provide for an acceptably low risk over the long-term.
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3 Approach

Subclauses 4.3.4 to 4.3.7 list and describe the following actions that should be undertaken for the

preparation of mine closure and reclamation plans and designs for a water storage facility:

assessment of the status and condition of the storage facility (4.3.4);

risk assessment of the facility (4.3.5);

closure and reclamation alternatives analyses (4.3.6); and

closure and reclamation p]an (A 2 7)

4.3

The
clog
whi
Dur
of t

Infq
foll

If th
acc
and|

4 Status and condition assessment

status and condition of the water storage facility should be known in order to complete 3
ure and reclamation design. During the mine planning phases, the storage facility may 1
ch case its initial design can serve as a basis for the closure and reclamation planning :
ing operations and prior to the implementation of closure and reclamation, the condition|
he storage facility should be determined.

n effective
ot exist, in
ind design.
and status

rmation required to determine the facility condition and status.includes, but is not limjited to, the

bwing:

facility site climate, geology, hydrology and hydrogeology;

design drawings and specifications, or “as-built” details, drawings and construction QA
predicted or measured water quality in the facility;

predicted or actual water balance of the facility;

for existing storage facility embankments:

— reports on the geotechnicalinspections and dam safety reviews,

— reports by the EOR and any other peer reviewers, and

QC results;

— surface water (including seepage) and groundwater monitoring data to assess the exftent, if any,

of leakage that gccurred from the facility.

e water storage facility is predicted to experience, or has already experienced, significar
hmulation, theAfeHowing additional information should be collected to determine facilit
status:

catchmeént conditions and projected long-term sediment yields, and

estimates of the facility’s sediment trap efficiency and projections of long-term

t sediment
7 condition

sediment

acoumulation, in addition to the corresponding reduction in effective water storage.

The long-term performance of the embankment construction materials and the performance of any
internal drains should be assessed. Embankment construction materials subjected to premature
weathering and degradation can result in a reduced strength over the long-term, and can require
reinforcement of the embankment (e.g. downstream buttress fill).

4.3.

5 Risk assessment

A formal risk assessment of the mine closure and reclamation plan (or completed closure and
reclamation) for the water storage facility should be completed when the mine closure and reclamation
is first prepared and, as necessary, each time it is updated. This assessment should identify potential
failure modes and consequences. Examples of where an updated risk assessment is required include
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where the embankment height exceeds the original design or where habitations have moved closer to
the embankment, among others.

Closure and reclamation dam breach assessments should be considered both to determine the closed
embankment’s risk classification and as an input to the emergency response plan for the facility. As
part of this, a dam breach analyses should also be conducted. Appropriate international guidelines are
available for conducting dam breach assessments. Based on results of these assessments, an appropriate
emergency and preparedness and response plans is prepared and implemented.

4.3.6 Closure and reclamation alternatives analyses

During thse
range of al

— decomlmissioning and removal by:

— CO

— Tre
re

— re-eng
— retain

Later updd
analysis of

closure and reclamation objectives, which may have been<thanged. In this instance, some of

alternativg

4.3.7 Clgsure and reclamation plan

The WSF ¢

— generg
constr

— descrij

— curren
reclan

— curren
— for fac

— CO

initial mine closure and reclamation planning process, consideration should be given
ernatives that include:

plete removal of the embankment, or

moval of the central portion of the embankment so water storage is no llonger possible,
brading and reclamation of the remaining embankment segments;

ineering to provide a smaller and/or shallower storage facility;and
ng as-is and upgrading the engineering design to comply with the long-term design crite|

tes of the mine closure and reclamation plan do not usually require the identification

Lo a

and

ria.

and

alternatives, unless the previously selected plan is“determined to no longer meet npine

s listed above should be considered.

osure and reclamation plan should generally include the following:

| description of the complete\facility, deposition plans and history (where availal
Liction techniques used, and operational processes;

ption of the general statusref the structure;

t landform and its/reldtionship to the final storage geometry, as well as to the closure
ation plan;

t survey plaiofthe facility (showing past and future staged earthworks);
lities that will continue to be used:

hdition of the embankment used to contain the water, including an assessment of the imp

the

le),

and

hcts

on

stability of long-term weathering of the fill materials and the performance of any dr

hins

ne

— 0OV

eded to limit water pressures in the embankment,

erall long-term water balance of the facility,

— long-term flood management strategies, as well as the strategy for containment or deposition

of

rainfall from the design flood event,

— proposed surface drainage works, including civil engineering design, construction and in
consideration of risk, storm events, and ongoing maintenance needs,

— consideration and risk management of extreme events (e.g. drought, flood, fire, earthquake)
post-closure and reclamation, and
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— monitoring and audit requirements for the implementation, post-closure and reclamation

phases;
when removal of the storage dam is proposed:

demolition plans including removed materials disposal plans,

any liners,

design of restored flow channel, and

plans for the removal and disposal of mechanical facilities, pipelines, sediment accumulation,

4.4

4.4

Wa
inv
rep

restilt in significant aquatic and/or surface soil/vegetation impactSin humid and wet clim
s, limited leachate will likely be formed, resulting in much-Jower risks to the environmept. In some

are
inst
the

— reclamation of the previous water storage area and dam footprint.
Waste rock dumps

1 General

bte rock dumps (WRD) are frequently the largest mine facility to close anhd reclaim. Sin
lve the long-term storage of millions of tonnes of potentially acid generating rock, thg
Fesent a high risk at a closed mine site, where chronic acid and/er’ metal containing le

fe they can
by can also
achate can

ances, the facility’s internal drainage systems can require continued operation in order
stability of the facility; this can require long-term €are, including monitoring, inspe

mailntenance programs.

It is
ove
for
the
fred
for
flat

Fall stability (e.g. the design earthquake) andtthe hydrologic criteria (e.g. design flood
surface water diversion systems at a WRD,¢an require to be augmented at closure. This
closure period is much longer than the pperating period; more stringent design criteria
[uencies of occurrence are needed to reduce the annual probabilities of failure to a reaso
the long-term closure period. Thi§_can require additional engineering measures, suc
Lening.

s. In arid

Tle
0 maintain

Ctions, and

also important to note that the design criteria,such as the geotechnical criteria for nmpaintaining

eak flows)
is because
with lower
nable value
h as slope

Othler structures are often assggeiated with a WRD and include leachate collection ponds andl sumps, as

wel
aftd
disd

4.4

Spe

as runoff sediment control ponds and dams. Some of these facilities can be retained f
ussed in 4.3.
2 Objectives

cific long<term objectives for the closure and reclamation of a WRD include:

the clesed facility should be non-polluting;

br a period

r closure and reclamation. Closure of these facilities are similar to that for water storage facilities,

nd erosion

4.4.

the waste rock pile should remain physically stable with regards to both overall stability
resistance;

long-term maintenance requirements should be minimized;

the design criteria should include at least the 1 000-year return period earthquake; and

post-closure and reclamation hydraulic structures, such as diversion facilities, should be sized to

minimize requirements for long-term maintenance.

3 Approach

From the start of closure and reclamation planning, which begins during the initial mine planning
phase and continues through to the end of mining, WRD closure and reclamation plans should be
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prepared to at least a pre-feasibility level (see 7.1). For the purposes of mine closure and reclamation
implementation, construction designs should also be prepared.

Subclauses 4.4.4 to 4.4.7 describe the following actions that should be undertaken for the preparation of
mine closure and reclamation plans and designs for a WRD:

— assessment of the status and condition of the WRD (4.4.4);
— risk assessment of the WRD (4.4.5);

— closure and reclamation alternatives analyses (4.4.6); and

— closure and reclamation plan (4.4.7).

4.4.4 Stjtus and condition assessment

The status|and condition of the WRD should be known in order to complete an effectiye’mine clogure
and reclanmation design. During the mine planning phases, the facility may not exigt,\in which casg¢ its
design can|serve as a basis for the mine closure and reclamation design. During‘operations and prior
to the implementation of closure and reclamation, the condition and status(of the WRD should be
determinegl.

InformatioL required to determine the WRD condition and status includes-the following:
— the WRD site climate, geology, hydrology and hydrogeology;

— designldrawings and specifications, or “as-built” details anddrawings - particularly on the locatjons
of spedific types of rock and the extent that any low perniéability cells may have been incorporated
into thee facility to limit water and oxygen infiltration;

— monitgring data of any seepage quantity and quality, over time;
— predicted or actual physical and geochemical‘characteristics of the waste rock;

— for existing waste rock dumps: surface water (including seepage) and groundwater monitoring data
to assdgss the extent, if any, of seepage that occurred from the facility; and

— information on any progressive reclamation completed.

If the WRI) contains tailings with sulphide or other reactive minerals that have the potential to cduse
water quality impacts or oth€r teachable materials, other than suspended sediment issues, then|the
following ddditional inform@ation should also be assembled to determine WRD condition and status

— static fests, e.g. acid/base accounting based on laboratory test results;
— humidjty celland/or field scale barrel test results;

— kinetid tests; e.g. humidity cells, leach columns and/or field scale barrel test results; and

— field measurements and geochemical modelling to assess the Tong-term acid generation and metal
leaching potential.

This testing and information can provide data on both the quality of water that infiltrates through the
waste, as well as the quality of runoff that passes over the waste. Assessing the long-term geochemical
behaviour is critical because the timing of the start of acid generation and when it reaches its peak
rate are important to closure design, operations and monitoring. It is not unusual for acid generation
to start after mine closure and increase over several years —even decades— following mine closure
and reclamation. The projected future geochemical characteristics largely determine whether the WRD
should be covered and what type of cover should be used, or whether other engineering measures are
needed to limit the amount of infiltration through the WRD.

10 © IS0 2021 - All rights reserved
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The long-term performance of the drain construction materials should be assessed where these drains
continue collecting leachate during the post-closure phase. Oxidation of iron or chemical reactions by
other constituents in embankment seepage can cause blockages of key drain systems in the rock pile;
this can result in stability issues and/or leachate flows exiting at other locations on the face of the pile
and not flowing to the sumps constructed to collect it. While this is not expected during the operations
phase, these issues should be addressed during post-closure and reclamation, by installing additional
drains.

4.4.5 Risk assessment

A le llla} I;D}\ aDDCDDlllCllt Uf thC lll;llc \,}UDUIC Cllld 1C\,}a1uatiuu P}all (Ul LUIIAP}Cth A\ Osure and
reclamation) for the WRD should be completed when the closure and reclamation isfirsft prepared
and, as necessary, each time it is updated. This assessment should identify potential fdilure [nodes and
congequences. Examples of where an updated risk assessment is required include,but are pot limited
to, yhere the pile height exceeds the original design, where habitations have meved closer|to the pile,
and where the WRD properties are different to those originally anticipated.

4.4/6 Closure and reclamation alternatives analyses

Duijing the initial mine closure and reclamation planning process)a range of closure :Iiternatives
shopld be considered and screened down to a shortlist of more viable alternatives. These aflternatives
shopld then be subjected to a more detailed comparative analysis, followed by selection of § preferred
altgrnative.

The initial closure alternatives that should be consideredtypically include (all of these inclyde closure
in-glace and/or reutilization as construction material);

— |grading alternatives:

— initial placement at an overall slope angle required for closure, and

— slope flattening during progressive and final closure and reclamation;

— |cover extent:

— direct revegetation of WRD,

— cover over flat surfades or partial cover; with uncovered angle of repose slopes, and
— complete coveér;

— |cover types:

— soilex'gravel,

— _ §tore and release,

—~/ geomembrane and soil, and

— combinations of the above;
— reuse of all or a portion of the material.

Later updates of the mine closure and reclamation plan usually should not require the identification and
analysis of alternatives, unless the previously selected plan is determined to no longer be feasible. This
can, for example, be due to physical or chemical characteristics of the WRD differing significantly from
those originally predicted, or to mine plan changes requiring a significantly smaller or larger WRD. If a
previously selected plan is determined to be no longer feasible, a limited number of alternatives should
be considered in conjunction with updating the mine closure and reclamation plan.

©1S0 2021 - All rights reserved 11
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4.4.7 Closure and reclamation plan
The mine closure and reclamation plan should generally include the following:

— general description of the complete facility, deposition plans and history (where available),
construction techniques used, and operational processes;

— description of the general status of the WRD, including the material’s physical and geochemical
characteristics;

— current landform and its relationship to the final storage geometry, as well as to the mine closure

1 H | H
and reptamation TUCSIZIT;

— current survey plan of the facility (showing past and future staged earthworks);

— conditjon of waste rock fill, including an assessment of the impacts on stability ‘of long-term
weathering of the fill materials and the performance of any drains needed to limitwater pressyres
in the WRD;

— consideration of climate change and the necessary design adjustments;

— generdl water management plans including, as necessary, leachate collection and managemient,
surfacg water management, the design of the systems to manage leachate and to dispose of fany
water freatment residuals;

— long-tgrm flood management for the design flood event;

— sources and properties of materials to be used as part of.the decommissioning process, as well as
the mipe closure and reclamation cover and rehabilitation process;

— propoged surface drainage works, including civilzéngineering design, construction and ongging
maintg¢nance needs;

—-

— consideration and risk management of extreme events (e.g. drought, flood, fire, earthquake) dur
post-closure and reclamation;

ng

— overal] mine closure and reclamation.strategy for the WRD landform, addressing factors such as
cover flypes required, as well as revegetation of covered or uncovered WRD; and

— surfacge treatment to minimize-erosion (via rock cover and/or vegetation), sustain vegetation pnd
support proposed rehabilitation design and stabilization works; monitoring and audit requirements
for thelimplementation;post-mine closure and reclamation phases.

4.5 Heap leach fagilities

4.5.1 General

Heap leach facilities (HLFs) are large facilities that can require detoxification or rinsing before npine
closure and reclamation - or long-term collection and treatment of effluent. Since they are often used
for the long-term storage of large amounts of potentially acid-generating rock, which in humid/wet
climates chronic acid and/or metal-containing leachate can result in significant environmental impacts,
they represent a risk at a closed mine site. In arid areas only, limited leachate will likely form resulting
in much lower risks to the environment. In some instances, the facility’s internal drainage systems
can require continued operation to maintain the stability of the pile; this can involve long-term care
including monitoring, inspection, and maintenance programs.

The design criteria, such as the geotechnical criteria for maintaining pile stability (e.g. the design
earthquake) and the hydrologic criteria (e.g. design flood peak flows) for surface water diversion
systems at an HLF, may need to be augmented at the time of closure. This is because the closure period
is much longer than the operating period and more stringent design criteria with lower frequencies
of occurrence are needed to reduce the annual probabilities of failure to a reasonable value for the

12 © IS0 2021 - All rights reserved


https://standardsiso.com/api/?name=737678a92d01bbb789048bf219c1dc37

IS0 21795-2:2021(E)

long-term closure period. This can require additional engineering measures, such as slope flattening or
buttressing.

There are other structures associated with a spent ore HLF, including solution collection ditches and
ponds. Some of these facilities may be retained for a period after closure and reclamation.

4.5.2 Objectives

Spe

4.5

Fro

cific long-term objectives for the mine closure and reclamation of HLFs include:

the closed facility should be non-polluting;

the HLF should remain physically stable with regards to both overall stability and erosion
long-term maintenance requirements should be minimized; and

post-closure and reclamation hydraulic structures, such as diversion facilitie’s, should
minimize requirements for long-term maintenance.

3 Approach

plapning phase and continues through to the end of operations), HLF closure and reclam

sho
imp

Thd
min

4.5

The
and
its

prid
det

1ld be prepared to at least a pre-feasibility level. For the purposes of mine closure and r
lementation, construction designs should also be preparéd.

following list and 4.5.4 to 4.5.7 identify what actions should be undertaken for the pre
e closure and reclamation plans and designs fora HLF:

assessment of the status and condition of the HLF;
risk assessment of the HLF;
closure and reclamation alternativés‘analyses; and

closure and reclamation plap.

4 Status and condition-assessment

status and condition-of the HLF should be known, in order to complete an effective m
reclamation design: During the mine planning phases, the HLF may not exist, and in
esign can serve-as a basis for the mine closure and reclamation design. During oper

brmined using the following information:

site Elimate, geology, hydrology and hydrogeology;

resistance;

be sized to

m the start of mine closure and reclamation planning (which starts during the ipitial mine

htion plans
bclamation

paration of

ne closure
that event
ations and

r to the implémentation of closure and reclamation, the condition and status of the HLF should be

dS-DU i deid Araw i
under the stacked ore;

er systems

surface water and groundwater monitoring data to assess the extent, if any, of leakage that occurred

from the facility;

information on any progressive reclamation completed; and

any laboratory or field testing of the type of detoxification and rinsing required to generate a more

benign leachate.

The physical and geochemical characteristics of the leached ore should be used as input to the mine
closure and reclamation design planning and design. It is good practice to retain records of the ore
types placed on each HLF during operations. If such information has not been collected and recorded
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during operations, then a waste characterisation study should be completed as part of the mine closure
and reclamation design.

Information about the characteristics of the residue (i.e. leached ore) materials should include:

— particl

e size distributions;

— shear strength; and

— mineralogical information.

informatio
— measuy
— static
humid

This testir
infiltrates

4.5.5 Rij

A formal

reclamatiop) for the HLF should be completed when the mine closure and reclamation design is f

prepared 3
modes and
not limited
to the pile,

4.5.6 Clgsure and reclamation alternatives’analyses

During thg
should be
should the

alternativd.

The initial
following g

in

gradinlg alternatives:

should be collected:

ement of solution quality from the active leach pile, if available;
ests, e.g. acid base accounting based on laboratory test results; and
ty cell and/or field scale barrel testing.

g and information should provide data both on the quality and’quantity of water
through the waste, and on the quality of runoff that passes over-the residue.

ik assessment

Fisk assessment of the mine closure and reclamation plan (or completed closure

nd, as necessary, each time it is updated. This assessment should identify potential fai
consequences. Examples of where an updated risk assessment is required include, but
to, where the pile height exceeds the original design, where habitations have moved cl
and where the HLF properties are different to those originally anticipated.

initial mine closure and reclamation planning process, a range of closure alternat
fonsidered and screened down to a shortlist of more viable alternatives. These alternat
h be subjected to moredetailed comparative analyses, followed by selection of a prefer

closure alternatives’that should be considered typically include, but are not limited to,

ptions (all of which include closure in-place and/or reutilization as construction materiall):

tial placement at an overall slope angle required for closure, and

that

and
irst
ure
are
ser

ves
ves
red

the

sld

peflattening during progressive and final closure and reclamation;

cover extent:

— direct revegetation of the rinsed ore, and

complete cover;

cover types:

— soil or gravel,

store and release,

— geomembrane and soil, and

14

© IS0 2021 - All rights reserved


https://standardsiso.com/api/?name=737678a92d01bbb789048bf219c1dc37

IS0 21795-2:2021(E)

combinations of the above;

reuse of all or a portion of the material.

Later updates of the mine closure and reclamation plan usually should not require the identification
and analyses of alternatives, unless the previously selected plan is determined to no longer be feasible.
This can, for example, be due to physical or chemical characteristics of the ore that are significantly
different from those originally predicted, or to mine plan changes that require a significantly smaller
or larger HLF. If a previously selected plan is determined to no longer be feasible, a limited number of
alternatives should be considered in conjunction with updating the mine closure and reclamation plan.

4.5

The
to
lead

Altd

The

7 Closure and reclamation plan

initial stage in mine closure and reclamation planning should be the establishmen
tabilize the quantity and chemistry of the leachate from the facility and to manage t
hate in the long-term.

rnatives that can be considered in establishing this plan include, but are'not limited to:
rinsing with “clean” or treated water;

addition of chemicals to the rinse solutions to treat for processteagents and metals;

F of a plan
e residual

recirculation and evaporation on the heap and/or in ponds{oyeduce the volume of solution contained

in the heap;
drain down and pond evaporation or treatment of the“solution; and

land application, evaporation or treatment of°‘any long-term leachate generated by py
infiltration.

mine closure and reclamation plan should generally include, but not be limited to, provi

chemical stability of the HLF: the water quality of any seepage generated should not pa
to the receiving water quality (both surface water and groundwater). Measures that may
include (but are not limited to) Tow infiltration covers, segregation and clay encapsulz
more geochemically activeswastes, and water collection and treatment;

physical stability: surface and larger-scale slides and slumps, as well as erosional matg
should be prevented, Measures that may be needed include (but are not limited to) slopé

ecipitation

ions for:

se a threat
be needed
tion of the

rial losses,
flattening

(best completed.‘during the operations phase), buttress construction, surface grading to direct

flows to erosien protected swales, and placement of erosion-resistant covers;

landform design approaches that can be implemented: successful application of landf
visual reasons, erosion control, stability, and reclamation/revegetation; requires that t
be started during the design and operations phase of the project;

prming for
he process

densideration of climate change and the necessary design adjustments;

© IS0 2021 - All rights reserved

surface water controls (including water collection and conveyance structures) that provide for
transfer of surface water from one location to another. Natural erosion-resistant materials should
be used in these structures to minimize long-term maintenance. Consideration can be given to using
cementation products or components to stabilize channels;

leakage collection and/or groundwater capture and management plans, if necessary. The design of
the systems to manage seepage and for the disposal of any water treatment residuals should also
be provided as necessary. The existing solution ponds can be used to create bioreactors for leachate
treatment;

covers (as needed) for dust control, vegetation establishment, reducing infiltration of precipitation
moisture or multiples of these; refer to 5.6;
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— establishment of vegetation as applicable; and

— monitoring plan, data analysis and reporting.
4.6 Open pits

4.6.1 General

During closure and reclamation, mine pits remain dry, or filled or partially filled with waste rock
and/or surface water and groundwater, process or treated wastewater and may seep or overflow into
the surroymdingenvironment—Closure amd Tecanation TeqUITeNents generatly mciude proviging
for human|safety and, for pits that fill as lakes, providing for surface water and groundwaterrqudlity
protection

4.6.2 Objectives

Closure anf reclamation objectives that should be considered include, but are not limited to:
— protection of human safety;

— protecfion of receiving water quality;

— provisjon of suitable habitat; and

— pit stapility.

4.6.3 Approach

The follow|ng list and 4.6.4 to 4.6.7 describe what actiens should be undertaken for the preparation of
mine closufe and reclamation plans and designs for epen pits:

— assessment of the status and condition of the pits by observing benching and wall stability (4.614);
— risk assessment of the pits (4.6.5);

— closure and reclamation alternatives-analyses (4.6.6); and

— closure and reclamation plan (4.6.7).

4.6.4 Stqtus and conditien assessment

The general approach £o.-developing a mine closure and reclamation plan of open pits involves|the
following dteps:

— site climate;geology, hydrology and hydrogeology;

— deternpining to what extent the pit will flood with groundwater and surface water, and whethef an
“internal” or an "overflow” pit [ake will be established in the long-term;

— assessing the pit wall stability to determine whether catastrophic failures are likely to occur;
— assessing what type of pit will result at closure and reclamation, either:

— adry pit,

— abackfilled or partially backfilled pit,

— aninternal pit lake, or

— an overflow pit lake; and

— evaluating the characteristics for the type of pit that is projected to occur.
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When selecting the most appropriate mine closure and reclamation option, the following factors should
be taken into consideration, but not be limited to:

— dimensions of the pit;

— characteristics of the pit walls and benches;

— access to the crest of the pit;

— nature of the rock, both physical and geochemical;

— f;m]fing'

— |rock slope stability;

— |surrounding topography;

— |availability of suitable backfill materials, including possible use of waste rdck;
— |surrounding land use;

— |proximity to residential or recreational areas;

— |disposition of waste rock extracted from the pit;

— |surface water runoff into the pit; and

— |water elevations and groundwater characteristics.

The following factors should be considered when desighing for pit lake closure and reclamatjion:
— |availability of open pits in the mining sequence;

— |geochemical properties of the tailings’and waste rock (if deposited in a pit) and pit|walls (e.g.
flooding of sulphide-bearing tailings.at mine closure and reclamation can also flush arjd mobilize
metals from the tailings);

— |geotechnical properties of thé tailings or waste rock (if deposited in a pit) and the pif walls (e.g.
potential for seepage pathways through faults or fracture zones in the walls);

— |predicted pore water, pit water, and surface water and groundwater quality;

— |hydrology of the‘open pit (e.g. runoff may mobilize secondary reaction products such| as acidity,
sulphate and metals from the permanently exposed pit walls); and

— |hydrogeology of the open pit (e.g. does the pit act as a regional groundwater discharge zqne? Where
does théregional groundwater flow?).

4.6)5~ Risk assessment

A formal risk assessment of the mine closure and reclamation plan (or completed closure and
reclamation) for the open pits should be completed when the mine closure and reclamation is first
prepared and, as necessary, each time it is updated. This assessment should identify potential failure
modes and consequences. Examples of where an updated risk assessment is required include, but are
not limited to, where the pit size exceeds the original design and where the physical or geochemical
properties of the rock walls are different to those originally anticipated.

4.6.6 Closure and reclamation alternatives analyses

During the initial mine closure and reclamation planning process, a range of closure alternatives
should be considered and screened down to a shortlist of more viable alternatives. These alternatives
should then be subjected to more detailed comparative analyses, followed by selection of a preferred
alternative.
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Alternatives include (but are not limited to):

no further action after completion of mining;
backfill with either waste rock or tailings or both;
stabilize the pit walls and or remove highwall;
manage the water quality;

perform partial backfill with excavation of the pit rim to allow surface drainage;

provi

repury

Pit lakes ¢
to prevent
relevant pi

complgte pit backfill and mine closure and reclamation as a dry surface;
accelefate pit water filling to improve the pit lake water quality;
manage chemoclines in pit lakes to prevent overturning;

for the collection and discharge of un-impacted shallow water above the chemocline; and

osing either a dry pit, or a pit lake for other uses.

in also be used to dispose of tailings and/or waste rock that aze‘then submerged in w
acid and metalliferous drainage and metal leaching. The required data, evaluations,
L closure and reclamation alternatives are discussed in 4.6 for each type of closed pit.

4.6.7 Clgsure and reclamation plan

4.6.7.1 (

General cl
Common t
infrastruct
in the pitt
change cor

4.6.7.2 1

The overal

in ordg

feneral

sure and reclamation designs for two types of pits are described in 4.6.7.2 and 4.6

hter
and

7.3.

p each of these closure and reclamation~types is the removal of all mining equipm
ure (pumps, pipes, etc.), fuels and lubficants from the pit. Any chemical or oil-related §

siderations should be included ift the pit closure plans.

)ry pits

approach for dealing-with dry pits should include at a minimum the following actions:

determine to what extent, ifany, pit slopes should be reduced, or partial pit backfill should be pla

r to:

e
a

li

ance longsterm stability to limit the likelihood of a catastrophic failure that poses he
safetyrisks,

itthe increased likelihood of a human health and safety risk posed by pit slopes that

ent,
pill

hat can impact the water quality of a pit lake should also be removed or remediated. Clinpate

red,

hlth

are

ste¢eper than the natural slopes in the general area surrounding the pit, and

practicable in the long-term.

Alternatives for closure and reclamation include:

— pit slope stabilization by slope reduction, terracing or buttressing; and

determine means to make human and large-animal access to the pit crest as difficult as

— access restrictions by construction of a perimeter berm of coarse rock fill. Other measures such as

earthe

18

n berms or fences can be considered but are not as durable and/or effective.
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4.6.7.3 Pitlakes
The overall approach for dealing with pit lakes should include at a minimum the following actions:

— determine the overall water and chemical balance and assess the long-term equilibrium pit lake
level;

— determine to what extent, if any, pit slopes should be reduced, or partial pit backfill should be placed,
in order to enhance long-term stability;

— assess the long-term water quality of the pit lake considering the following:

— for closed pit lakes, the major outflow of water from the pit lake is by evaporatipn and the
constituent concentrations are expected to continue to increase and can reach~satyration and
chemical equilibrium values,

— for overflow lakes, concentration increases will be limited and will depénd upon the relative
volumes of surface water and groundwater inflows versus water lost’hy-evaporation,

— in some instances, pits can naturally drain and act as a hydrogeelogic sink, and

— in many instances, pit lakes can stratify either permanently or-$easonally; in cold cljmates, the
lakes may overturn seasonally; limnologic studies should therefore be considered tq assess the
quality of the water that will be discharged;

— |determine the impact of the pit lake water on local.surface water and groundwater, |n order to
assess whether any pit lake seepage barriers (e.g. grout curtains) are required and thg impact on
surface waters from overflow pit lakes; and

— |determine means to make human and large animal access to the pit crest, and avian acce$s to the pit
lake surface, as difficult as practicable.

Altdrnatives for closure and reclamation in¢lude, but are not limited to:
— | pit slope stabilization by slope reduetion, terracing or buttressing;

— |access restriction by construction of a perimeter berm of coarse rock fill; other measufes such as
earthen berms and fences-Can be considered but are not as durable and/or effective;

— |installation of seepage barriers or seepage collection systems;

— |installation of devices to discourage avian access, in the event that water quality deteriorates
significantly over'time; and

— |stratification enhancement by, for example, introducing sea water or water treatment rgject brine.

Monitoring programs should be used to validate success of the implemented closure and rgclamation
altgrnativie and should address (as necessary):

— water filling rate (e.g. observed water levels);
— pitlake water quality sampling, vertical chemistry and temperature profiling, as necessary; and
— surface water and groundwater monitoring.

Monitoring should continue until both the pit walls have been demonstrated to be reasonably stable
and the water quality has stabilized. In the case of pit lake closure and reclamation, the filling of the pit
can take many decades. As a result, monitoring programs should extend beyond the period of filling,
although the frequency of water quality monitoring during these extended periods can be reduced
significantly.
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4.7 Und

4.7.1 Ge

erground workings

neral

During mine closure and reclamation, underground workings typically fill or partially fill with
groundwater, which, in turn, flows out through existing mine adits. In some cases, the working can
drain completely and act as a hydrogeologic sink. Closure and reclamation activities should focus on
managing the exiting water quality, preventing future human or animal access to the workings, and
dealing with any subsidence that can occur on the surface above the mine workings.

In some in

support th
materials

4.7.2 Ob

Closure an

protec

protec

4.7.3 Approach

The follow
mine closu

assess
risk as|
closur

closur

4.7.4 Ste

The follow
initial min

site cli
the exf
de

mi

b mine openings during the operations. The presence of, and potential impacts from, "t}
hould be considered in mine closure and reclamation planning.

jectives
1 reclamation objectives that should be considered include, but are not limited to:
tion of human safety; and

tion of receiving surface water and groundwater quality.

re and reclamation plans and designs for underground workings:
ment of the status and condition of the underground workings (4.7.4);
sessment of the underground workings (4.2.5);

e and reclamation alternatives analyses+(4.7.6); and

e and reclamation plan (4.7.7).

tus and condition assessiment

ng information should be obtained from the designs of the underground mines (during|
e planning phase) and-from actual as-mined information (during operations):

mate, geology, hydrology and hydrogeology;
ent of the existing (or proposed) mine cavities from:
sign information,

nihg'records,

— de

in-

archives analysis,

mine surveys, and

details of the mine workings, including:

pth of cavities,

— size of cavities (height of opening, length and width of galleries, pillars and panels),

20

thickness and characteristics of the overburden,

to
ese

ng list and 4.7.4 to 4.7.7 describe what actions should.be undertaken for the preparatiopn of

the

field investigations, including geophysical methods and exploratory drilling, amongst others;
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— rock mass properties, including the type of rock, floor strength, pillars and main roof layers,
minerology and sensitivity to water,

— geological and hydrological parameters, such as flat sedimentary layers or vertical vein deposits,
long-term water table level after the dewatering process, and

— evidence of instability, such as pre-existing cave-in on surface subsidence or potential issues
with rock stability noticed during underground visits.

4.7.5 Risk assessment

reclamation) for the underground mine should be completed when the mine closure ahd reclamation
is first prepared and, as necessary, each time it is updated. This assessment shouldf(identiffy potential
failire modes and consequences. Examples of where an updated risk assessment’is requirfed include,
but|are not limited to, where the extent of the underground workings exceeds the original ¢lesign, and
where the physical and geochemical properties of the rock are different to these-originally anticipated.

A Trmal risk assessment of the mine closure and reclamation plan (or completedyclosure and

4.7|/6 Closure and reclamation alternatives analyses

Duiling the initial mine closure and reclamation planning process, ‘a range of closure :ﬂternatives
shopld be considered and screened down to a shortlist of moresyiable alternatives. These aflternatives
shopld then be subjected to more detailed comparative analyses, followed by selection of § preferred
altgrnative.

Altgrnatives include (but are not limited to):

— |no further action after completion of mining;

— |backfill openings to reduce subsidence concerns;
— |plug the mine openings to prevent accéss and/or seepage from the underground workings;

— |manage the water quality of the-seepage by either in-situ treatment in the undergroungl workings
or ex-situ treatment in a chemical-physical plant or bioreactor;

— |accelerate water filling te-itnprove the underground water quality;
— |manage chemoclines-in.the underground workings to prevent overturning; and
— |provide for the eogllection and discharge of un-impacted shallow water above the chemo¢line.

Underground workings can also be used to dispose of tailings and/or waste rock, whjch can be
submerged in water to prevent acid and metalliferous drainage and metal leaching. The required data,
evaluationsy.and relevant pit mine closure and reclamation alternatives are discussed beldw for each
typg of closed underground workings.

Pal | 1 1 s h
4.7-“7 CIUSUIrc diiua 1eiidiiiduavulil pidail

4.7.7.1 General

General mine closure and reclamation designs for underground mines are described in 4.7.7.2 to 4.7.7.5.
These plans should include the initial removal of all mining equipment, infrastructure (pumps, pipes,
etc.), fuels and lubricants from the underground workings. Any chemical or oil-related spill in the
workings that can impact the adjacent surface water or groundwater quality should also be removed or
remediated. Closure plans and designs should also consider the effects of climate change as necessary.
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4.7.7.2 Physical stability

Depending on the context, the voids and surrounding rock mass stability can deteriorate notably over

the long term. It is thus essential to define if subsidence effects can develop towards surface. If so,

the

magnitude and kinetics of the potential movements should be identified and the areas that can be

affected should be precisely delineated.

One of the key objectives of an underground workings hazard assessment process (in the mine closure

and reclamation context) should be to identify the potential nature of geo-mechanical hazards that

can

develop on the mine surface over both short and long terms. The analysis should be performed by an

experienced mining expert who is capable of analysing the mining data collected.

Analyses should be conducted by an experienced mining and/or rock mechanics expert to ddentify

the subsidé¢nce effects that can develop up to the surface. This should be done consideringscena
comparing|various geological, physical and mining contexts. The most classical subsidence effects
be classifidd as follows:

— continpous subsidence or heave, characterised by slow, smooth and flexible readjustments of sur
with the classical form of a “dish-shaped” feature;

rios
can

face

— discontinuous subsidence that can take the form of sinkholes, characterised by the sudden
appeafance of a crater at surface (with a diameter ranging from a few metres to several tenfs of

metreg§) or, in some specific contexts, can take the form of collapses of large areas of undergro
workings via discontinuous failure on surface in time and space;‘and

— some tpore specific phenomena, like induced seismicity, can also be considered in rock burst pr
mines.

Continuou$ subsidence is a common and, often, harmless phenomenon at long-wall mine, for exam

und

one

ple.

Sinkholes dan also occur where residual mining voids persist. Major collapses are quite unusual in a njine

closure andl reclamation context because they require,some very specific, unfavourable configurati
The types ¢f subsidence, as well as the potential fet_sinkhole occurrences, should be evaluated.

The potential hazard areas should be mapped, in order to highlight areas most sensitive to
development of potential surface issues. The related maps can also be valuable tools for communica
with stakeholders and local land-use planning actors.

Based on the potential risks associated with the above mechanisms, and considering the overall ;nt:ine

closure angl reclamation objectives, Temedial measures should be established, if necessary. Altern
mine closufre and reclamation‘measures for the physical stability of underground workings include

— mine gtabilization mieasures, including backfilling (from surface or underground, hydrauli¢

mechapised, with er-without grouting), rock reinforcement (rock-bolting, shotcrete, masonry
geosynjthetics. Because of the high costs associated with these methods, they are normally reser
for high-risk areds and under densely populated areas;

DNS.

the
[ing

ive

or
or
ved

nole

— land-upe-management of surface, to avoid exposure of humans to surface subsidence and sinkl

risks. [Ch nin de oiding miting new b dings and development or defining spe

construction rules to reduce structure vulnerability. Land-use management measures should be

Fific

largely shared with stakeholders and integrated with the local community’s development plans;

and

— preventative evacuation and compensation in some very specific contexts, where existing structures

are located above hazardous workings and the triggering of hazardous phenomenon is feared.
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7.3 Chemical control

The overall approach for dealing with underground workings should include (at a minimum) the
following actions:

— determine the overall water and chemical balance and assess the long-term equilibrium mine pool

level and outflows, considering plugging of various adits if appropriate;

assess the long-term water quality of mine pools, considering sources of constituent
natural formations, mine waste deposited in the mine workings and the reactions of the
the minerals in the mine void walls. Evaluate the extent to which the water that coll

s from the
water with
ects in the

Altd

include, but are not limited to:

Any

behlind them. Typically, concrete plugs should be considered, grouting should be performed

plu
top

4.7

Min
typ

underground workings 1s stratified; and

determine the impact of mine water pool on local surface water or groundwater, ifi orde
whether any seepage barriers are required.

rnative mine closure and reclamation measures for the chemical stability of undergroun

removal of any materials that are hazardous - or that can cause water quality impacts
underground workings;

direct discharge of adit flow if it meets receiving water standa¥tds;
active or passive treatment of the mine water followed by'eontrolled discharge;
in-situ mine water treatment followed by controlled.-discharge;

plugging of adits to raise the mine water level £t minimize outflow sufficiently for discl

some cases, convert it to diffuse flow throughfractures and fissures in the rock mass; and

installation of internal plugs within the underground workings to prevent migration of p
waters to surface.

plugs installed for water management should be designed for the associated hydraul

r to provide water tightness and, as necessary, valves and pipes can be provided throug

I to assess

 workings

- from the

narge or, in

bor-quality

C pressure
hround the
h the plugs

rovide for collections of water for treatment, pressure monitoring, water quality sampling, etc.

7.4 Access controls

e openings to_sufface that pose a risk to humans and large animals should be identi
cally include;but are not limited to:

open shafts;

adit portals; and

Fied. These

collancad araund ~bava challaw mina vwarkinae
uuuuuuuu e—EF HeaB5-6v-e-StaroW-HHHREe-WoRahHES:

Consideration should be given to plugging these openings. Examples of plugging methods include (but

are

not limited to):

concrete plugs or shelves (over shafts);

gates or doors;

walls constructed with concrete or durable materials; and

backfill with soil or rock fill.

Timing the sealing of portals and shafts should be planned, so as not entomb animals (e.g. bats).
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4.7.7.5 Monitoring

Monitoring programs should be used to validate the success of the implemented mine closure and
reclamation alternatives and should address (as necessary):

ground monitoring, to confirm a progressive evolution of surface displacement (continuous
subsidence development) or to provide early warning signals of unexpected failure or collapse. Both
direct measure techniques (e.g. extensometers, GPS levelling) and indirect measure techniques
(e.g. aerial photogrammetry, InSAR techniques) should be considered. Micro seismic monitoring
offers promising perspectives for large-scale, early warning signals detection. Definition of “alert

thresholds” and “monitoring duration” require some careful analysis;

water

mine [
and

surfac
4.8 Min

4.8.1 Ge

All surface
remove Vis
be cleaned
an alternat

4.8.2 Ob

The object

remov,

create

maxin
struct;y

4.8.3 Approach

The follow
mine closu

aSSess

filling rate (e.g. observed water levels);

ool water quality sampling and vertical chemistry and temperature profiling as' nécess

e water monitoring and groundwater monitoring around the mined area;
e infrastructure

neral

mine infrastructure can be removed at closure and reclamation. The overall goal can b
ible signs of infrastructure unless it is required by another user. Contaminated areas sh
and rehabilitated. All infrastructure areas should be'reclaimed unless they are planned
e use, according to the closure and reclamation plan.

jectives

ves for the long-term closure and reclamation of site infrastructure include:
e or minimize any remaining human-health and environmental risks;

a non-polluting landform that is consistent with the proposed land uses; and

ize repurposing of facilities that are considered assets, such as roads, buildings, indust
ires, power lines to the grid, etc.

ng list and 4.8-4 to 4.8.7 describe what actions should be undertaken for the preparation
re and reclamation plan:

the status of the existing surface water, groundwater, soils and remaining infrastructurg

m~a risk assessment to determine what can pose future long-term risks and assess w

perfor

Ary;

e to
uld
for

rial

ofa

h+
]

rhat

opportunities are available for repurposing the mine’s facilities for long-term economic benefit for

and us

e by others;

identify and analyse alternatives to closure and reclamation; and

establish a long-term mine closure and reclamation plan.

4.8.4 Status and condition assessment

The status and condition of the site and the remaining infrastructure should be known, in order to
complete an effective mine closure and reclamation design. During the mine planning phases, plans for
the proposed infrastructure are available. During operations and prior to implementation of closure
and reclamation, the condition and status of the infrastructure should be re-assessed. The soils, surface
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water and groundwater should also be investigated for potential impacts from reagent as well as
chemical and fuel spills, in addition to other potential operations activities that can have impacted the

site

- such as tailings spills, reactive waste rock placement, etc.

Information required to complete the status assessment includes the following, but is not limited to:

site climate, geology, hydrology and hydrogeology;
design drawings of the site infrastructure;

inventories of the buildings, plants, fuel and chemical storage facilities, mobile and fixed

equipment

4.8
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information on potential contamination (from mineral processing and other industria
within the industrial structures;

soil, surface water and groundwater investigation data to assess the extent,ifany, of cont

identification of the remaining, non-mining wastes that require management at closur¢
inert waste, waste that has the potential to impact water quality and-hazardous wastes t
special handling; and

any assessments of/insights into the condition of the infrastructure (such and roads and
that are considered for repurposing.

5 Risk and opportunity assessment

han health and environmental risk assessments canbe performed to assess what risks are]
n contaminated soil, surface water, groundwatefnand any structures that are to be repur

onsider the requirements of local regulations. Management of remaining non-mining
be based on the assessed risks and capcalso need to consider local regulations.

hssessment of the potential oppartunities associated with repurposing the mine facili
be performed. This should invélve engagement to determine stakeholder interests, dey
bntory of the site facilities that can be developed/retained as future assets, and condug
homic and marketing studiesto identify likely future opportunities (e.g. industrial, c
cultural, tourism, recreational, etc.).

6 Closure and reclamation alternatives analyses

ing the initialmine closure and reclamation planning process, a range of closure alternat
onsidered@id screened-down to a shortlist of more viable alternatives. These alternat
W be subjected to more detailed comparative analyses, followed by the selection of g

activities)
amination;
, including

hat require

buildings)

associated
posed. Any

ediation of contamination should be based onthe results of the risk assessment and cap also need

vastes can

Fies should
reloping an
ting socio-
bmmercial,

ves should
ves should
preferred

rnative;Considerations should also be given to renewable energy generation opportunfities at the
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natural attenuation and degradation where the contaminated groundwater poses a low
not migrating to areas where it can pose a risk;

10t limited

risk and is

extraction of non-aqueous phase liquids on groundwater - such as petroleum hydrocarbons - using

wells or trenches;
groundwater extraction and treatment for a period of time;
installation of sub-surface groundwater flow barriers; and

installation of surface water diversion and drainage systems.
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It is important to note that on occasions, it may not be feasible to restore impacted groundwater to
either baseline or usable standards. In such instances, controlling access to groundwater for use as
supply (by either land-use restrictions, deed restrictions or other means) should be considered.

Alternatives for addressing contaminated soils can include, but are not limited to:
— natural attenuation for constituents, such as hydrocarbons and other volatile compounds;
— in-situ treatment of hydrocarbons and other volatile compounds by land-farming methods;

— cover with clean soils to a sufficient depth to prevent the identified risks;

— excavdtion, ex-situ treatment and replacement;

— excavdtion and placement in the WRD, the TSF, or a waste repository built for thelong-term
contaipment of soils; and

— excavdtion and offsite disposal in an appropriately licensed landfill.
Alternativgs for addressing identified wastes can include, but are not limited to;
— excavdtion, ex-situ treatment and replacement;

— placenjent in an on-site repository constructed for long-term waste disposal; different waste types
requirg different levels of engineering to provide for safe long-tetm containment;

— excavdtion and placement in the WRD, the TSF; and
— excavdtion and offsite disposal in an appropriately licensed or authorized landfill.

It is imporfant to note that measures should also be introduced to protect any soil covers and on-site
dedicated |andfills that are provided for soil or wastestorage. Controlling access to these areas [e.g.
by physical access restrictions such as fences or rock fill berms, land-use/deed restrictions, or other
means) shquld be considered.

Often, sevgral alternatives can be applied~to' control risks, requiring that comparative alternatjves
analyses be performed and documented. In comparing alternatives, it is important to consider|the
extent to which the alternatives meetthe mine closure and reclamation plan objectives. In some calses,
the alterndtive should be submitted ‘during the engagement process to obtain stakeholder input.

4.8.7 Clgsure and reclamation plan

4.8.7.1 (eneral

A mine clojure and<réclamation plan should include the selected measures for managing contamingted
surface wdter, graundwater, soils and any wastes that remain at closure. The activities describefl in
4.8.7.2 to 48.76 Should be considered.

4.8.7.2 Lubricants, fuels, greases

Prior to removal/dismantling of equipment, fuels, greases and lubricants should be removed from
equipment - including from transformers, mining equipment, generators and any other equipment.
These compounds should be placed in secure and labelled containers. The containers should be removed
off-site and taken to a designated facility for disposal/recycling/reuse. Records of handling should be
kept.

4.8.7.3 Fuel tanks
Fuel tanks should be emptied. Remaining fuel should be taken off-site to a designated facility for

recycling/reuse. Fuel tanks should be cleaned. Once cleaned, tanks should be dismantled and taken off-
site for recycling/reuse. Records of handling should be kept.
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7.4 Chemicals

All chemicals on-site should be sorted and labelled. They should be taken off-site to a designated facility
for recycling/reuse or disposed of if recycling/reuse is not available options. Records of handling should
be kept.

4.8.

7.5 Buildings/equipment

All equipment, wiring, insulation, and other materials should be removed from buildings. These
materials should be sorted for disposal. Incineration and landfilling can be used to dispose of some

mafnrin]cl/umcfp All metals should be sorted and taken off-site for rnt‘yr‘]ing/rmlcn Items

that can be

rec)

Bui
con
can
sor

Con

cled/reused should be taken off-site to a designated facility.

dings should be dismantled, deconstructed or demolished. Materials should|be as
famination and potential re-use/recycling. Wood may be burned or allowed to]decomp
be addressed in local regulations. Metal cladding, roofing and other simjlat) materials
ed and taken off-site for recycling/reuse.

Fo

crete foundations should be cleaned, where contaminated, with water-and/or chemicals a
dations should be broken and removed off-site or buried with clean soil or non-acid

rock. This can be covered in regulations.

Pipegs, wires, poles and exterior lighting should be dismantled.-Materials should be sorted f{
which can include landfilling, incineration or recycling/reuse; which can be covered in r

So

4.8

Sed
Co

bre
are

4.9

4.9

e buried pipelines may not be removed.

7.6 Sediment ponds

iment ponds should be drained unless maintained for a longer period while landform
taminated sediment should be taken to a\designated land fill on-site or off-site. Liners
hched to eliminate ponding or removed.and placed in a designated landfill or off-site. Sed
hs should be backfilled and reclaimedLt

Temporary closure

1 General

Tenpporary suspension-occurs when mine production ceases for several months - even a ye

Ap
yea
and|
eco

4.9

I's. Both of theSe-possibilities are referred to as a “temporary closure” phase. Final m
reclamationsplans are not typically suitable for temporary closure and are not desiral
homic point/of view.

2 «Objectives

sessed for
ose, which
should be

s required.
generating

r disposal,
egulations.

s stabilize.
should be
ment pond

A" OI' more.

briod of inactivity is<considered to be longer than temporary suspension and can extend over several

ne closure
le from an

Th
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provide for a reasonable economic solution for managing a mine site during periods when it is no

longer economically viable to operate, or to provide time for major reconstitution acti
development of new ore reserves;

allow for the restart of operations with minimum level of effort; and

ves and/or

provide for protection of human health and the environment during the suspension period.
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4.9.3 Status and condition assessment

For the temporary mine closure and reclamation of the mine site, sufficient information needs to be
obtained to allow for effective plans to be established. This information is described in 4.2 to 4.8 for
each relevant mine site feature and is not repeated here.

4.9.4 Risk and opportunity assessment

Existing risk assessments performed for the site can be utilized to determine the major risks that
require management during the temporary closure period. A major risk that should be considered is

the impact
to both m
operations|

The potent
These can
maximizin|
facilities.

hinage the site during temporary closure and to re-mobilize personnel for the re-star

ial opportunities associated with temporary closure of the mine should also be|conside
be to maximize the use of the existing labour force to maintain the smine’s facili
g progressive reclamation and using the personnel to construct improvements to cer

4.9.5 C(lgsure and reclamation alternatives analyses

Typically, t

here are limited alternatives to be considered when establishing a temporary closure plg

4.9.6 C(Clgsure and reclamation plan

Temporary
more. In th
reclamatio

access
shafts

portal

surfac
deter

systems should eit

suspension occurs when mine production ceases-for several months or possibly a yea
ese situations, the mine operator should considetthe following minimum mine closure
p measures in a temporary suspension plan:

raises and stopes open to the surface-should be secured;

b of adits and declines should belsecured;

other nine openings to surface that\create a mine hazard should be stabilized and secured;

b and subsurface mine waérkings should be assessed by a qualified professional enginee
nine their stability; any surface areas disturbed orlikely to be disturbed by such mine work
be stabilized. If stabilization is not practicable, the surface areas should be protected aga
tent access if sueh disturbance is likely to endanger the public or property;

tothe workforce — cppt‘iﬁr‘n”y’ the qhi]ify ofthe mine operatortoretain sufficient personnel

t of

red.
ies,
fain

n.

Ir or

and

to the site, all buildings and other structures should be restricted to authorized persons only;

r to
ngs

Inst

ical

or otherwise managed on site;

explos

impou

ives should be disposed of or removed from the site;

ndment structures should be maintained in a stable and safe condition; and

tes/

petroleum products, chemicals and waste (including PCBs) should be removed, disposed of, isolated

materials, or conditions created asaresultof mining that produce/can produce acid and metalliferous

drainage or metal leaching should be dealt with in accordance with an approved management plan.
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The mine operator should inspect the site at least once every six months to confirm that all required
rehabilitative measures are in place and performing as required. There can also be ongoing monitoring
programmes to manage.

5

5.1

5.1.

Land reclamation and water management
Landforms

1 General

Sperific attention should be paid to the final shape of the mine site surface for closure and 1¢
Thg mining activities, progressive reclamation and the design for mine closure and\pecls
confribute to the landforming (also referred to as ‘reshaping’) process.

Landforms typically include slopes, plateaus and ridges resulting from large mine infrastru

as
po
a fd
inv
cled

5.1

Thd
and

5.1

Lan
cha
min

aste rock dumps, overburden dumps, tailings storage facilities, heap leach facilities an
ds. There can be design choices at the landform or landscape scale that are large enough
rmal alternatives’ analysis. Landform design for mine closure and _reclamation plann
lve the mine operator, technical experts, and indigenous pepples and stakeholders

rly defined end land-use goals.

2 Objectives

overall objective of landform planning and design 4s.to allow stability and meet the m
reclamation objectives. The specific objectives are*to:

remove any significant safety hazards to humans and local fauna;
remove the potential for negative environmental effects;
minimize erosion potential;

allow for access, as necessary;

support revegetation (as‘appropriate) to facilitate post-mining land use.

3 Approach

dforms shotld-be developed based on the surface shapes resulting from the mining
hges to this approach can be considered in order to meet the objectives described abo
ing facilities that should be considered for landforming include, amongst potentially oth

open pits;

provide for a surface topography that blends in with the surrounding terrain, if possible}

clamation.
mation all

cture such
] sediment
to warrant
ing should
to develop

ne closure

and

activities;
Je. Specific
PT'S:

©IS

overburden stockpiles;

waste rock dumps;

water dams and other impounding facilities;
tailings storage facilities;

heap leach facilities; and

access roads.
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The design of post-mining landforms should be integrated into the life of mine plan so that waste
materials are deposited as close to final landform design as possible to prevent double handling of
material and therefore reduce closure costs. Landforming includes, as required:

— pitslope flattening, partial or complete backfilling, as well as access prevention by perimeter berms
or rock barriers;

— regrading of overburden stockpiles;

— regrading of WRD and tailings surfaces; and

- buttrc Dills Uf \.,ulbau}\uu,uto Cllld daulo that 1 \,llla;ll letbl \,}UOMI C.
Aspects that should be considered in landforming are as follows:
— constructability of each landform;

— enviropmental impacts that can occur during construction of the landform (e\gthe amounft of
additignal acid and metalliferous drainage generated when WRD with acid~ahd metalliferfous
drainajge potential are graded);

— geotechnical stability;
— erosional stability;

— provisjon of a base for other mine closure and reclamation elenients, such as covers on the WRD and
tailingp storage facilities;

— surfacg water runoff quantity, intensity and quality;

— rainfall runoff patterns;

— impact on groundwater levels (location of phreatic surface);
— borroy sources and availability; and

— long-tgrm monitoring and maintenancerequirements.

In some cafes, field trials can be required as part of the design, permitting, or monitoring process fand
conducted jat a small pilot or protofype scale.

5.1.4 Plan

The landform plans and)designs should be incorporated into the overall mine closure and reclamagion
plans and glesigns. Updates to the landform designs are required with each update to the overall njine
closure angl reclamation plan.

5.2 Surfpee preparation

5.2.1 General

Surface preparation involves preparing the existing and regraded surfaces of the mine site during
progressive reclamation and upon final closure and reclamation.

5.2.2 Objectives

In addition to meeting the overall mine closure and reclamation objectives, specific key objectives in
preparing the mine site’s surface for final reclamation can include, but are not limited to:

— providing protection from water or wind erosion;

— limiting precipitation infiltration to the extent necessary;
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providing for positive surface runoff drainage;
providing protection from contact with the underlying waste materials;
supporting vegetative growth if necessary; and

meeting the closure and reclamation objectives and commitments.

In the event a vegetated cover is selected, considerations include, but are not limited to:

providing seedbeds for revegetation;

5.2

Sur

The
to:

providing sufficient rooting depth of soil on tailings and waste rock dumps;
reducing surface soil compaction;

providing drainage to reduce the potential of surface erosion and soil cover loss;
other objectives specific to local conditions or novel post-mining land uses;
innovative post-mining uses, and;

providing for passive revegetation.

3 Approach

face preparation should be undertaken for a range of surfaces including, but not limited o:

regraded areas;

regraded WRD surfaces;

tailings surfaces that remain after closure‘and reclamation;

soil and/or gravel covers placed on WRD and tailings surfaces; and

access roads and other previously disturbed mine site surfaces requiring reclamation.

approaches to surface preparation for vegetated covers to be considered include, but are

physical: physical preparation can include loosening the soils using mechanical means or
of the top layers-in.an engineered cover with a minimum amount of compaction;

biological: this“includes adding biomass to the soils, such as decomposed organic m
stockpiled\vegetation from the site clearing, salvaged native topsoil, or composts or oth
stabilized’organic amendments;

chemical: chemical preparation involves adding fertilisers and other chemicals (e.g.lime
tomodify, for example, nutrient poor soils: and

not limited

placement

atter from
er suitable

br gypsum)

Oth

natural processes: this involves allowing enough time for natural biological process

es (i.e. the

development of populations of bacteria, fungi, protozoa, nematodes, insects, arachnids, molluscs,

worms and mammals) and active plant-rooting to condition the soil over a period of
years.

er important considerations for unvegetated covers include, but are not limited to:

months to

— the extent to which the surface of the waste materials become cemented enough or have the particle

size distribution adequate to provide for protection from erosion by water or wind;

— the practicality of adding cementing reagents during the final years of waste placement to provide

for enough erosion protection;
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— surface sloping by either waste placement or subsequent grading to limit runoff flow velocities and
water erosion potential;

— extent to which consolidation settlement of the waste material occur after closure and affect the
surface slopes;

— availability of suitable materials for cover construction; and

— the need for conduction cover test trail during the mine’s operational phase.

For vegetated covers, the following are important considerations:

— suitable overburden should be used for reclamation purposes where there are limited soils
reclanjation. These materials are often low in certain nutrients (e.g. nitrogen and phosphotus)

have

be added to this material to improve its fertility and structure;

— mixing of materials of varying quality can resultin more suitable reclamation matérial and incre:

the vo

— the cri
requir

— suitab
natura

— where
the gre

— considperations should include soil depth suited to the\révegetation type, in addition to factors s

as pre

— thene

5.3 Vegg¢tation establishment

5.3.1 Ge|

Vegetation
occur duri
such insta

particularly erosion contfol. It is a cost-effective means of providing a stable and durable surface in|

long-term.
water eros

In some ingtances;vegetation may not be required or possible.

or structure for plant establishment. If available, appropriate organic amendmeénts sh

ume of soil reclamation materials available;

Ishing and sieving of oversize suitable rock can be carried out where limited coarse mate
bd for a capillary break for a store and release cover is available;

e manufactured liners can be used over reactive mine wastés where there are insuffic
| materials to separate reclamation material from the effects of underlying reactive wasf

soil reclamation material is limited, its use should be.focused on areas where it can resu
atest opportunity for successful revegetation to meet the end land-use objectives; and

fipitation, evaporation, seasonal temperatur@s, slope, aspect, and adjacent land use; and

ed for conduction cover test trials duringthe mine’s operational phase.

neral

is generally established-on closed mine facility surfaces; these types of surfaces can
hg operations wherran area is no longer required for mining (progressive reclamation

It is also resiltent in that the vegetation can cover and stabilize areas damaged by win
on, or shallow slope failures.

for
and
uld

LSes

rial

lent

es;

tin

uch

hlso
.In

ces, the surfaces-are often required to meet the mine closure and reclamation objectiyes,

the
1 or

5.3.2 o0l

jectives

In addition to meeting the overall mine closure and reclamation objectives, the specific objectives of
revegetation vary based on local conditions and reclamation goals. These objectives can include, but
are not limited to:

— using species for enhancing biodiversity;

— supporting defined end land uses;

— restoring larger habitat elements (e.g. vegetation structure);

— restoring productive wildlife habitat and/or agricultural or forestry crops;

— contributing to water removal through evapotranspiration;
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reducing surface erosion;
assimilating carbon;

enhancing visual aesthetics;
providing phytoremediation; and

other objectives specific to local conditions.

3 Approach

The

The

5.3

Site
lim

basic approach to vegetation establishment during mine closure and reclamation inyolv|
evaluating site-specific conditions for revegetation;

selecting vegetation species and mixes to meet the end land-use objectives;

avoiding weed contaminated seed mixes;

selecting the approaches to revegetation;

identifying risks associated with revegetation and developing corresponding miti
contingency measures; and

preparing the revegetation plan.

se topics are discussed further in 5.3.4 to 5.3.7.

4 Evaluating site conditions for revegetation:

bation and

conditions should be evaluated to determine the potential for revegetation, including, but not

ted to:
climate (precipitation and temperatiire amounts and variability);
climate change potential and impacts;

effective rooting depth-and water holding capacity: coarse textured soils require more
finer textured soils to,provide sufficient water storage capacity for plant growth;

soil compaction;
soil texture/fertility, and pH;
soil organic matter content and soil structure;

salts\and sodicity;

depth than

atalitz of Nl st

ooty OT prorrc irraceT o,

timing of seeding vs. climate;

slope and aspect;

microbial populations of topsoil or substitute;
adjacent vegetation; and

wind speed, direction and fetch.
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5.3.5 Selection of revegetation approaches

The following aspects should be considered, but not be limited to, when selecting revegetation
techniques:

— short-term site stabilization needs along with long-term post-closure and reclamation land-use

consid

erations;

— specific species in targeted areas;

— enhancement of primary successional processes;

— use ofatast-growing pioneer species for initial stabilization along with longer-lived species that

comp

— initial
specie

— establishment and maintenance of a diverse plant community similar to the native vegetation or

intend

— establishment and maintenance of legume species in mixed herbaceotis’communities to ens
long-tgrm availability;

— minim|
forest

— establishment of pioneering species naturally or via seeds, cuttings or nursery stock.

The follow

— use ingpected/certified seed sources;

— limit the introduction of non-native;

— use of
— usesp

— carry

areas in mine area, and adjacent areas;

— carry
where

— before
and ny

propag

Establishnies

ible with final post-closure and reclamation land use;
establishment of vegetation should not compete strongly with final intended longer-t

b

ed agricultural or forestry systems;

lization of the use of herbaceous grass and competitive légume species in association V
plantings - except where grasses are a natural part of theé\local ecosystems; and

ng considerations and recommendations apply to sourcing vegetation materials:

hative species with local provenanee, where possible and applicable;
pcies suitable to local climati¢conditions;

ut seed collection durifig appropriate times of the year from pre-mine sites, non-distur

but cold stratification or heat/smoke treatment for adequate germination of collected s
necessary; and

transplanting to the mine site, consider the required timing for collection, greenhd
rsery protocols, media/container selection, use of irrigation, and seedling development
Fationy

are

eIrm

the

ure

vith

bed

eed

use
for

vt and ravaagatation nrocaduracthat chould bha concidarad inecluda huat ara naot limitad +
t Y et et reBe-cohStaereathe toHe-Hott1t e+

o T eV e gt toreroproce TCo—tIrorey

— seedbed preparation vs. rough grading considerations;

— time of seeding;

— broadcast seeding;

— drilling;

— hydraulic seeding and mulching;

— aerial seeding;

— hand planting of individual seedlings (e.g. trees and shrubs);
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direct haul and placement of litter and/or soil layers with associated seedbank;
enhancement of seed from adjacent vegetated areas;

tree shelters and tubes;

use of coarse woody debris or rocks for sun and wind protection;

use of mulches (e.g. organic and textile/fabric/geomats);

weed control (mechanical and chemical);

5.3
A ré

5.3

irrigation and timing; and

soil stabilizers.

6 Revegetation plan

vegetation plan should be prepared in accordance with 5.3.5 that describes the followin
temporary and permanent revegetation objectives;

types of vegetation to be established in the various parts of thesmine site;

site preparation and mulching/amendment requirements;

seedbed preparation;

monitoring and maintenance plan; and

specifications, application rates and timingfor the various vegetation species mixtu
linkage to completion or success criteria.

7 Monitoring and adaptive management

Monitoring protocols should be conSistent with local regulatory requirements with a link to

or §

Ad3

uccess criteria. This includes:

assessment of ground cever, diversity, and vegetative structure on a regular schedule, w
done annually in the first several years and less frequently once the vegetation is establ

habitat assessments’in addition to direct vegetation measures; this can include the ident
scat and browsing patterns, counts, and nesting; and

7

=

res with a

Completion

hich can be
shed;

ification of

identification of invasive species issues and/or excessive competition of early successiopal species

on desited final community composition, annually, for the first several years.

ptivie management can include:

tiiage;

weed control;

controlled fires;

over-seeding;

seed alternative species;

temporary irrigation;

reseeding of poorly established areas; and

temporary fencing.
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5.4 Water management

5.4.1 General

Water management is an important aspect of mine closure and reclamation and should be included in
mine closure and reclamation planning, design and implementation to address the following:

— characterization of pre-mining surface water and groundwater quality and quantity to establish
the baseline conditions prior to commencing operations;

— planned or existing operational water management system design and operation;

— planndd water management for the mine closure and reclamation implementation, for ddapfi
management and for post-closure and reclamation phases; this helps meeting mine closure
reclanjation objectives and water quality goals; and

— post-closure and reclamation surface water and groundwater quality and quantity monitoring to
demorystrate successful water management.

5.4.2 Objectives

The object]ves of water management are to meet the mine closure and re€lamation water quality gpals
in both grqundwater and surface water. These objectives can include, but are not limited to:

— water pxiting the site in consideration of local or international jurisdictional requirements;

— the wdter management system should be able to handle extreme precipitation, runoff, or droyght
events

— the cobination of the storage facilities and water, treatment flowrate should be designed to hapdle
requirpd design flood events;

— the sitg¢ should have a negligible impact on surface water, the groundwater and local aquifers; ahd

— long-tgrm maintenance requirements should be minimised.

5.4.3 Approach

Mine closulre water and constittient mass balance analyses should be used as a basis for establishing
suitable whter management, plans. The water and chemical balance of the entire mine, both during
operations|and for the post-closure and reclamation phase, should be quantified to establish effective
water manjagement plans,/ The balance analyses should include key chemical constituents such as
major ions|and metals;-€omputerized balance models should be established, calibrated based on past
performanice at thé mine site, and have the ability to both simulate water quantity and quality ¢n a
monthly (o smallef“increment) basis, as well as simulate the effects during both dry and wet condit{ons
with duratjon$.of up to a year or more.

Site closure water balances should be used to:
— evaluate strategies for optimum use of limited water supplies;

— establish procedures for limiting site discharge and complying with discharge requirements,
particularly control of the quality of the water and the quantity of contaminants discharged from
the site;

— control erosion due to flow over exposed surfaces or in channels, swales, and creeks;
— estimate the demands on water treatment plants, holding ponds, evaporation ponds, or wetlands;
— consider water management under average and extreme dry and wet periods; and

— estimate the post-closure and reclamation water quality and quantity.
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Water balance modelling and planning should be conducted for the following five phases of mining:

phase 1: initial mine design and construction;
phase 2: mine operations;

phase 3: closure and reclamation implementation;
phase 4: adaptive management phase; and

phase 5: post-closure and reclamation operations and maintenance.

Phalse 1 provides input into the mine closure and reclamation planning process and mine;si

by i
infg

management can vary between the last three phases and variations in each of thése phase

eva

Thd
bald

Thd

plementing the “design for closure and reclamation” concept. Phase 2, the mine opetat
rms the parameters necessary to build an accurate water and chemical balafice’ ma

uated.

following key aspects should be followed in setting up, refining, and using a water an
ince model:

the model should be effective, robust, calibrated, easily updated‘and adjustable; it shou
the complex relationships that occur at the mine;

a water quality and quantity monitoring program shouldbe putin place to regularly test
accuracy and update it as necessary;

the model should incorporate, or be easily adapted to incorporate, the range of water m
procedures at the mine, such as water collection, storage, treatment, evaporation, pro
consumption, water releases, etc.;

Le facilities
ons phase,
del. Water
t should be

d chemical

d simulate

'he model’s

anagement
cess water

the model should be able to project future-gconditions for several decades, subject to varying climatic

conditions; and

in some instances, the model sheuld be peer-reviewed and stakeholders should confix
model is appropriate for their purposes.

following are typical data-ieeds for a water and chemical balance model:

climatic data, to _quantify precipitation, snow depths and melt patterns,
evapotranspiration, wind, and solar radiation;

ey

surface water-data, including local stream flow, surface runoff patterns and quantities
quality;

groundwater flow patterns and rates, including seeps to surface, inflows to ope

m that the

yaporation,

and water

h pits and

underground mines, and groundwater quality; these flows should be measured and predjicted using
groundwater modelling;

© IS0 2021 - All rights reserved

facilities” layouts (including thelr change over time), Including as necessary, processing areas, ore
and waste storage areas, TSFs, including estimates and/or measurements of the surface flows and
infiltration amounts from these;

water quality data for the water flow paths beingmodelled. Emphasis should be placed on parameters
such as heavy metals, cyanide, total dissolved solids (TDS), sulphate (SO,), chloride (Cl) and other
parameters that can affect the regional biodiversity, particularly acute and chronic toxicity;

laboratory or field scale test data from leaching tests, for example;

performance of any water treatment processes being used; i.e. removal of the constituents being
modelled;
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— attenuation factors for certain key constituents that experience geochemical reactions; should be

calculated for the available data or expected chemical performance, or laboratory testing; and

— in some instances, chemical equilibrium modelling can be helpful in assessing likely constituent

concentrations (e.g. in pit lakes).

5.4.4 Water management plan

Having an effective water and chemical mass balance model for the various phases of mining allows
suitable water management plans to be estabhshed For closure and reclamatlon water balance

manageme
phase, then routinely updated as more information from the operations becomes avallable

A basic pr¢mise of mine closure and reclamation water management is that it is more cosf)effect
environmentally protective and sustainable to prevent and/or control water entering the'mine
than it is fo treat the water - both temporarily or over the long term. The premisesvof good w
management include:

— “keep [lean water clean” by maximizing the diversion of natural surface water and groundw
that hds not come into contact with any mine facilities or wastewater (“nenseontact water”) aro

ing

ive,
site
hter

hter
und

the mipe site thereby minimizing the amount of water that has been impacted by mining (“confact

water’|) that requires management;

— minimlize the generation of contact water; suggestions for thissinclude (but are not limited
appropriately managing WRD and tailings to reduce infiltration,as well as placing covers to prey
impacts to surface waters;

— place gxygen-reactive WRD and tailings underwater; ahd
— maxin]ize the recycling of contact water through-the process facilities during operations.

In establishing a closure and reclamation water management plan, consideration should be given to
following dptions:

— surfacg water diversion ditches to prevent non-contact runoff from entering the mine site;
— flooding of open pit and undergrotind mine workings;

— selectiyve placement of more reaetive WRD and tailings within the disposal facilities to minimize
generdtion of impacted leachate;

— covering of WRD anddilings facilities to reduce information and prevent impacts to surface w
runoff

— closur¢ and reclamation of tailings (and potentially WRD) under a water cover created by
impoupdment.or a flooded pit, if feasible;

to)
rent

the

the

hter

an

— physicpl-conditioning of tailings, as practical, to reduce the amount of pore water that is releg

sed

(e.g. by thickening or Tiltration];

— chemical conditioning of tailings as they are placed in the tailings’ management facility (e.g.

desulfurization, lime addition);

— placement of waste rock in a pit and tailings in underground workings, as practicable;

— seasonal storage of impacted water, as well as controlled release to the receiving waters and to a

water treatment facility;

— short-term (e.g. rip-rap placement) and long-term (e.g. vegetation) erosion control to limit sediment

generation;

— short- and long-term sediment control facilities such as detention ponds and wetlands; and
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— impacted water collection impoundments, sumps, pumps, pipelines and trenches to convey water,

5.5

5.5.

das necessary.

Water treatment

1 General

Water treatment should be considered as a last resort in controlling water quality; treatment is more
complex to sustain in the long-term, compared to other methods that keep clean water clean and
minimize the amount of water impacted.

Wh
Sys

5.5

Thd
levd

stamdards. Commonly, this is to minimize toxic impacts of released water-on local surface ws

5.5

Thd
as d

Ena
the
con

The

Typ

bre water treatment is used, the planning, design, construction and operation of water]
ems should incorporate and apply a quality management system.

2 Objectives

objectives of water treatment are to reduce the concentrations of specified constituents
Is (also referred to as effluent standards) needed to achieve receiving water qualit

3 Approach

need for treatment should be determined as part of the overall site-wide water manag
iscussed in 5.5.2.

ugh data should be developed to fully characterize’both the water streams to be treated
receiving water flow into which the treated water'is discharged, since the receiving wat
frol the level of treatment required. Characterization includes the following (but is not li

identifying flow ranges and variation in.water quality, both seasonally and over the long

defining the flow ranges maximumitdesign volume, such as a low frequency event; fa
the 100-year frequency event (and‘the potential impacts to water quality), and a minin
flow rate such as during an extreme dry period [where water quality can be significantl
certain constituents (e.g. TDS-and SO,)].

types of treatment systems needed should be based on the following:

water quality to hétreated;

flow fluctuations; and

required-effluent (discharge) concentrations and the duration of treatment required.
es of treatment that should be considered include:

in=situ passive treatment systems, such as natural or constructed wetlands. Two cautiong

treatment

to specific
y goals or
ter bodies.

bment plan

, as well as
br flow can
mited to):

-term; and

r example,
jum design
y worse for

with these

systems is that their level of effectiveness varies with temperature and inflow conditions and that
they can require long-term maintenance to remove metals that accumulate in the bed sediments;

— in-situ systems, such as those that can be installed in naturally occurring wetlands and bogs, open
pit lakes, flooded underground workings and constructed bio-reactors. These systems typically
include treatment reagents that are provided on an ongoing basis; treatment media may have to be
replaced from time-to-time. These in-situ systems should not be considered as passive and should
be accompanied by planned operations and maintenance activities - or scientific demonstration

that they operate without intervention for the planned duration; and

— active, in-plant systems, which can include coagulation/precipitation/filtration to remove dissolved
metals, nano-filtration and reverse osmosis to remove metals and dissolved salts, ion exchange
for metals removal, carbon adsorption for removal of organics, and aerobic/anaerobic biological

©IS
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designed for the target constituents.

treatment. This type of treatment is generally conducted in physical/chemical plants specifically

Water evaporation systems are often used to reduce brine waste streams from a reverse osmosis plant,
e.g. to a much smaller, higher-concentrated or dried salt deposit that allows for more effective long-
term permanent disposal.

5.5.4 Design

As afirst step, the treatment objectives should be established. These should be based on the outcome of

the water and chemical mass balance mndp]ling and fvpi(‘n]]v include:

Once objed
should con

The follow

effluer
receiv
other j

other j

demorn

develo
should

establi

flow e
effecti
capaci
outagq

atreat
steps;

a disch
necess

a treatiment residuals management and disposal process and facilities including, as necessary,

site or

infrast

t standards;

ng water toxicity requirements;

egulatory requirements; and

equirements of stakeholders using or affected by the receiving waters!

tives are established, the selection of treatment unit processes.should be carried out
sider:

strated technologies;

be undertaken; and
sh the design basis for the treatment unit processes.
ng key elements should be considered in thé¢’design of the treatment system:

gualization facilities that allow flow variability to be evened out sufficiently to allow]
e treatment during the design masimum flow event. These facilities also allow for
'y selected for the treatment plant-and allow for planned and unplanned treatment p
s without the release of untreated water;

arge system that direCts the treated water to the receiving waters and that can includg
ary, a diffuser taZachieve the required amount of dilution in the receiving water;

off-site disposal and management of either hazardous or non-hazardous wastes;

pmental technologies; in the event these are selected\confirmatory bench or pilot test

and

—-

ng

for
the
ant

ment train that can consistefpre-treatment, primary unit treatment processes, and polishing

, as

on-

ructdre plans that allow for the necessary access to operate and maintain the treatnent
systenrs; and

monitoring, contingency and emergency response plans to evaluate the effectiveness of the installed
systems, to allow for retrofits (as necessary) and to deal with emergencies such as accidental
releases of contaminated waters and/or treatment reagents, fuels, etc.

5.5.5 Operations and maintenance

A management and operations team structure should be identified and established to:

40

confirm effective design, construction and operation of the required treatment system;

support the necessary funding for the duration of treatment; and

provid

e for operator training and certification.
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An operations and monitoring plan should be developed, including (at a minimum):

commissioning;

operations control systems;
operators;

operations guidelines; and

plant and influent, effluent and receiving water monitoring.

5.6

5.6

Cov
use
alsa
pro

Av
pro
it is
incr
con
imp
the

5.6

In 4
reld

following additional plans should be developed:

maintenance;

contingency;

emergency response;

shut-down and abandonment on completion of treatment; and

peer review, particularly of developmental technologies.
Covers

1 General

er systems are one of several operational and miihe closure and reclamation technologi
 to provide for physical and chemical stability of mine wastes and other disturbed

allow for revegetation establishment on r€active mine wastes or other wastes with po
perties.

perties can change considerablywith time due to weathering and biological processes. F

not unusual for a cover to be designed and constructed for a specific permeability,
eases by 10-fold or more aver the following years or decades due to freeze/thaw cong
ditions, settlement of materials below the cover, slope instability or movement. It i
ortant that cover desighs'be based predominantly on the anticipated future condition, 1
newly constructed,cendition.

2  Objectives

ddition te \meeting the overall mine closure and reclamation objectives, the specific
ted to.covers can include, but are not limited to:

provide a growth medium for establishing vegetation and ecosystems;

es that are
hireas; they
pr physical

tal aspect of cover design that should be considered is the fact that their physical arf chemical

r example,
which then
itions, dry

therefore
ather than

objectives

©IS

isolate chemically reactive waste material;
divert clean water and reduce the volume of contact surface water managed on site;
limit upward movement of process-water constituents and oxidation products;

limit influx of oxygen and oxidation of certain minerals;

limit influx of meteoric water to limit oxidation of certain minerals, as well as the leaching and

dilution of oxidation products;

control wind and water erosion of waste material as part of the overall landform stability; and

integrate with natural landform design.

02021 - All rights reserved
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5.6.3 Cover design

Cover systems should be designed on a site-specific basis to achieve the cover system’s objectives and
performance expectations. The following general categories of cover systems should be considered in
conceptualizing a site-specific need:

soil covers as a base for vegetation;

store-and-release systems that minimize water infiltration and upward movement of contaminated
water sitting on mine wastes;

— barriertype-systems—{e;ggeosynthetictinersj-thataredesigned-tominimize-infittratiomran
intrusjon;

— erosiop-protection systems;

— physicpl access control, such as gravel and rock covers; and

— saturafed soil or rock cover systems.

In some inptances, temporary covers should be considered. These are typicallyrequired on very

tailings to[allow consolidation over time before the final cover is installedNristallation of tempot

or permankent covers can also require measures that enhance trafficability and consolidation of

tailings. THese measures can also include (but are not limited to) placément of geofabrics and geog

to support
to promotd faster consolidations.

placement of subsequent soil layers, as well as the installation of wick drains in the tail

The key sitfe-specific factors that should be considered in the;design of a cover system include, but
not limited to:

climat

the ne
infuse

e conditions (including the influence of climate change and orographic effects);

ed for and extent to which water infiltration and oxygen infusion needs to be reduced. Air
into waste piles around the edges of\the cover, driven by atmospheric pressure changes

advection in the pile caused by oxidising\materials that generate heat;

physic
filter 1

hydrol

hl characteristics of the mine waste coarse material, such as WRD cover that can requi
yer to prevent cover materials from migrating into voids and crevices in the waste rock

pgical conditions, including water balance and management requirements;

hydrogeological conditions’ (e.g. vertical and lateral proximity to groundwater and surface w

recept
the mi

site ac

DI'S);
he waste landform itself (e.g. slope angles, bearing capacity);

Cess and constructability;

availalpility of suitable of cover construction material;

air

soft
ary
soft
rids
ngs

are

can
and

e a

hter

accommodation for the effects of natural biological processes (i.e. the development of populations
of bacteria, fungi, protozoa, nematodes, insects, arachnids, mollusc, worms and mammals) and
plant rooting processes that alter the performance of the cover in the years following closure and
reclamation; and

achiev

ing appropriate quality control and assurance during cover system construction.

The design of “store-and-release covers” should include consideration of the depth and nature of
the soil and its physical properties after a period of time, precipitation events and evaporation. The
effectiveness of such a cover in reducing infiltration is largely determined by its performance during an
extreme wet period extending over months or years.

42
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In instances where covers are placed on tailings storage facilities, it can be necessary to install drains
under the cover to convey pore fluids that migrate upwards during tailings consolidation and would

otherwise migrate up into the cover.

5.6.4 Modelling and field testing

Performance of covers, where required to be accurately predicted, should be supported by cover

modelling, field testing and/or the use of natural reference sites.

Available computer models can be used to assess water 1nf11trat10n evapotransplratlon and air 1nfu51on

Field

progressive reclamation should be considered to achieve thislarger scale field testing.

Small-scale field testing can be considered but the results’should be carefully interpreted a
modlelling, used only as a guide for the full-scale coverdesign.

5.6/5 Monitoring and maintenance aspects@pecific to covers

Clos
ass

ure and reclamation plans should include the following monitoring aspects that are
bssing the conditions and performance-of covers and the associated vegetation:

inspections for erosion damage, including criteria for characterizing the extent
inspections should be carried out both routinely and after a severe rainfall event tha
specified intensity;

cover surface topography to confirm it is, for example, still free-draining;

cover soil structure; physical properties and potentially the biome, to assess whether t
meeting its long-term objectives;

extent of vegetation, including criteria (e.g. number of stems per hectare) to quantify its

and

5 its ability
bsts, rather
pnstructed

.|Long-term

r soils are
bntation of

hd, as with

specific to

f damage;

exceeds a

he cover is

condition;

inspections for exposed liner and water egress, which can be due to a damaged geosynthetic liner;

— eroslion related to rock covers.
Closure and reclamation plans should include the following maintenance aspects specific to
— replacement of vegetation;

replacement of, or repairs to, portions of the cover; and

covers:

— construction of erosion control measures, such as erosion-protected ditches or swales, etc.

5.6.6 Consideration of climate zones

Different climates affect the performance of covers differently. In the design of covers,

therefore,

specific attention should be paid to the climatic conditions and the effect of these on the design.

© IS0 2021 - All rights reserved
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5.6.7 Objectives

The objectives are to customize the cover designs to specific climatic regimes, as much as possible.

5.6.8 Wet and tropical climates

The following factors should be considered where mining takes place in wet and/or tropical climates:

— itis unlikely that store-and-release type covers significantly reduce infiltration, compared to more
conventional soil covers;

— cover
since 1

— erosio

— locatin
and

 control should be an important part of the cover construction and vegetation plan;

g durable rock to be used for erosion protection can be difficult in a tropical-environm

Fonstruction and vegetation, if present, should be carried out in drier seasons, if possible,
eclamation during the wet season can result in soil and seed loss through surface eresion;

)

ent;

— vegetative growth in tropical climates can be rapid, which can reduce thé adaptive managenjent

phase

5.6.9 Ar
The follow

— native
climat

— soilsa
erosio

bf closure and reclamation.

id climates
ng factors should be considered where mining takes placeé in arid climates:

species should be used for reclamation, if possible, as'these are more adaptable to the ha

he
24

e susceptible to wind erosion; mulches andsother covers should be available to reduce
1,

— vegeta
— recla

— desig
and po

— store

ion can be susceptible to damage by sandblasting;
ation planning should include options to reduce both wind and water erosion;

of soil covers should includethe consideration of upward migration of contaminants (g
ssibly metals) from undeflihg reactive materials through capillary rise;

nd release covers can be suitable in an arid environment where infiltration is to be redu

rsh

soil

alts

Ced;

— acover crop should be Used in conjunction with the native seed mix to allow for a rapid establishnjent

and pr]

ptection of thesoil from erosion;

— regulaf monitoring should be carried out for vegetation success and soil chemical degradation when
act withreactive mine wastes;

in cont

— native species and seeds suited to the climate should be used (e.g. in arid climates, cacti leaves can

be cut

and used to propagate new plants).

5.6.10 Cold climates

The following factors should be considered when the mining activity takes place in cold climates:

— frosth

eave in soils that are not well drained can damage the cover;

— the opportunity for reclamation is very shortin cold climates; plants are slow-growing and generally

stunte

44
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native vegetation should be used for reclamation purposes, if possible;

vegetation can be more successful if started in growth chambers;

timing of planting is important, as plants transplanted over winter can have less chance of survival;

vegetation trials should be part of the reclamation planning and this should be carried
the operations phase;

cold climates can support increased constructability;

out during

5.6
The

5.7

5.7

Clin
tem
the
the

identify physical climate risk§ and measures to address climate change effects.

Fut

the mndplling of infiltration should account for seasonal frozen grmmd' and

the presence and depth to permafrost should be documented as this affects the,c
reclamation of the mine site. Soils should typically be salvaged when frozen.

11 Temperate climates
following factors should be considered when the mining activity takes/place in temperaf

if possible, reclamation should be initiated during the appropriate-time of year for the
types and site climatic conditions, to support vegetation establishment;

reclaimed sites should be monitored in the spring to assess for surface erosion and
establishment; and

native species or species suited to the local climaticeonditions are preferred for reclam
Climate change effects

1 General

hate change over time will affect thefuture design criteria (such as design flood peaks
perature regimes) and the local\flora and fauna. The range of potential future chan
‘efore, be considered both in the-design and monitoring to assess the impact of the clos
adjacent environment. In addition, ICMM’s ‘Adapting to a Changing Climate’ can be us

or
nat
im

eff

ire climate change can result in changes to terrestrial and aquatic environments, due t
ecreases in température and or precipitation. The types of climatic change can alsg
ral ground and(surface water quality due to changes in streamflow and groundwater
ortant to understand what these climate-induced changes are, so they can be disting

u
cts causedsby the closed and reclaimed mine site. Consideration should be given to mort

osure and

e climates:

vegetation

vegetation

htion.

long-term
bes should,
bd mine on
ed to both

D increases

affect the
levels. It is
shed from
itoring for
m.

ms should
face water

a basis for comparison.

to serve as

The data analyses provided in the monitoring report should also include a clause on the effects of
climate changes and a discussion of how these changes need to be accommodated in assessing the
mine’s compliance with the monitoring goals.

Other climate change effects include the potential for increased storm intensities. This can require that
the design flood peaks for diversion ditches or the spillways associated with the tailings’ management
facility, be increased compared to those based on statistical analyses of rainfall and runoff at the time

the

©IS

closure and reclamation plans and designs are developed.
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Another climate change effect, air temperature warming, can cause thawing of currently stable
permafrost. This can lead to slope failures and settlement of mine facilities and needs to be
accommodated in the designs of the closure measures.

To the extent possible, adjustment should be made to the hydrologic design parameters such as the long-
term drought flows (where it is important to maintain a water cover on a tailing management facility,
for example), flood peak flows (for the design of surface water diversion systems), air temperature
changes (which can cause thawing of stable frozen foundations), changes in long-term streamflow that
affects aquatic ecosystems, among others. In cold climates, the geotechnical design of the facilities that
remain at closure should be checked for future warming trends and appropriate design adjustments
made to ensure long-term stability.

The effect|of climate change on terrestrial flora and fauna and the aquatic ecosystems shoild, pt a
minimum, [be qualitatively discussed and, to the extent possible, quantified. These effectsshould be
included ir] the closure and reclamation monitoring plans so that the effects of the closed mine can be
separated from the effects of climate change.

6 Stakdholder engagement

6.1 General

Stakeholddrs should be engaged throughout the entire mining lifecycleyto support the ultimate prog¢ess
of social transition and on the following aspects of mine closure anéd/réclamation:

— recogilising stakeholder knowledge as valuable;

— closur¢ and reclamation planning;

— closure and reclamation objectives;

— selectipn of mine closure and reclamation alternatives;
— evalualion of mine closure and reclamation’alternatives;
— riskidgntification and preventativeumeasures;

— closur¢ and reclamation schedule;

— post—c]osure and reclamation’custodianship of the mine site;

— post-closure and reclaniation socio-economic agreements and benefits; and

— monit¢gring and mine closure and reclamation effectiveness assessment, including the use¢ of
complétion or.suocess criteria.

Stakeholddgr engagement and communication is integral to developing plans for social transition,
through alﬂ process of the project. Planning for social transition should include provision for sdcial
transition coOSts, such as ongoing consultation and engagement, Workiorce adaption, and community
financial preparedness, and for potential social investment projects that support communities when
mining ends and the transition to a post closure land use and relinquishment occurs.

The focus of stakeholder engagement can vary throughout the mining lifecycle. The engagement type
and frequency can also change between lifecycle phases.
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Objectives

The objectives of mine closure and reclamation stakeholder engagement should include the following:

— an exchange of information between the mine operator and the stakeholders about the goals and
objectives of mining, mine closure and reclamation, cultural resources, and the socio-economic

structure and conditions affected by the mine; and

achieving a mine closure and reclamation plan that balances and satisfies as many of the mine

operator’s and stakeholders’ goals and objectives as practicable, while avoiding
detrimental impacts to any of the parties or the environment.

significant

Stal

6.3

6.3

For
sho
intq

guiglance wher¢ applicable.

The
pro

teholder engagement should incorporate the following, but not be limited to:
inclusivity: participants should be able to have a say in the decisions that may impact th
materiality: decision makers should identify and be clear about the issues that matter;

responsiveness: organisations should respond to, and transparently share information g
issues;

collaboration: establish and achieve common objectives and goals;

carried out;

documentation: knowledge of stakeholder issues, concérns and consultation requirems
be thoroughly documented;

a formal complaint and response system: providing for follow-up and tracking of re
complaints; and

senior management involvement: the.résults of the engagement and dialogue processe
reported at least annually for the minie operator’s senior management to determine if and
upon them.

Approach

1 General

malized engagement, indigenous (if applicable) and community outreach protocols
1ld be developéd;“published and followed in order to achieve informed participation. N
rnational guides by government, reputable organizations, or mining associations should

mine~operator should take the lead in establishing and conducting a stakeholder e
bram. The following activities, amongst others, should be carried out:

n, material

sufficient time periods: to consider and respond to stakeholder concerns before specific plans are

nts should

sponses to

t should be
how to act

and plans
htional and
be used as

ngagement

stakeholder identification;
stakeholder mapping;
engagement methods;
response mechanisms; and

post-closure and reclamation stakeholder agreements.

These topics are discussed in 6.3.2 to 6.3.10.
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6.3.2 Stakeholders identification

Stakeholders should be identified as either internal or external, based on their relationship to the
organization. Stakeholders should also be identified as either direct or indirect, based on the extent to
which they affect or are affected by mine closure and reclamation. This process is typically completed
as part of the environmental assessment process through which environmental, socio-economic, and
cultural effects of the mine and mine closure and reclamation are assessed.

Indigenous peoples and stakeholders that are affected by the mine and its closure and reclamation can
include the following, but are not limited to:

— local ifidigenous peoples;

— local, regional and national officials;
— affectdd communities;

— civil sqciety organizations;

— vulnerjble social groups;

— politicpl and religious leaders;

— trade flepresentatives;

— suppligrs;

— contragtors;
— custor[ers;

— employees;

— NGOs;
— regulagors; and

— local resource agencies.

The follow|ng questions provide examples that can support stakeholder identification:
— who directly and indirectly-affects/is affected by the mine site?

— whati$ the scope of impacts associated with the mine closure and reclamation (locally, regionally)?
— who afe the benefjeiaries of any mine operator-led social programs currently in place?

— who is|adversely affected by mine closure and reclamation?

— who carChelp support mine closure and reclamation objectives?

6.3.3 Special rights holders

Special rights holders are any group with a legal right to land access, resource harvesting, or input into
decisions that can affect land or resource access. Special rights holders vary by jurisdiction.

Internationally, the United Nations Declaration on the Rights of Indigenous Peoples (see Reference [7])
identifies rights of indigenous peoples, including to determine and develop priorities and strategies for
the development or use of their lands, and to provide free, prior and informed consent of any project
affecting their lands, territories or other resources.
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6.3.4 Indigenous peoples
Indigenous peoples can be differentiated by:
— ifindigenous/traditional lands and/or treaty rights are potentially affected by the mine site; and

— if there is ongoing traditional use of the land for hunting, fishing, trapping and related harvest
activities around the mine site development.

6.3.5 Stakeholder mapping

Ind{vidual engagement requirements for stakeholders should be formally mapped. Maps| should be
usefl to chart stakeholder groups, identify and track progress on emerging issues, sGpp¢rt regular
conpmunication and identify stakeholders both before and during the engagement progess.

6.3/6 Engagement methods

Difflerent engagement mechanisms can be used depending on the stakeholder’s degree of ifterest and
themine operator’s engagement objectives. The identified stakeholdersshotld be categoriz¢d as either
havjing a very high, high, moderate or low level of interest and stake in“the closed mine. The|extent and
frequency of engagement depends on each stakeholder’s level of interest.

Engagement methods that should be considered, include, amongst others:
— |press announcements and articles;

— |newsletters;

— |social media;

— |opinion surveys;

— |stakeholder meetings;

— |stakeholder workshops;

— |permanent or temporary exhibits; and

— |mine site tours and meetings.

6.3]7 Response program

Theg mine operator’should implement a transparent response program, which is at the heart of an
engpgement pfipgram. The comments and suggestions received during the engagement prog¢ess should
be [learly ‘documented. Also, the mine operator should document their proposed resgonses and
ratipnale:to stakeholder comments and suggestions.

6 3 Q Cocial francitian Paoact-clacuroaand roaclamation cialbabhaldax agrannannic
ol . > €A tFaRSTHIohH T O5St-CroSureantTrecramation Staxe i oraeragreements

To support a process of social transition to the extent required as an outcome of the consultation
process, the mine operator should enter into closure and reclamation, and post-closure and reclamation
stakeholder agreements that can include, amongst others:

— rent, lease or transfer of reclaimed/closed mine areas to local communities;
— training and employ local communities for ongoing site and environmental monitoring;

— contracts to carry out activities to restore/support natural resources to local stakeholders such as
support for wildlife populations, fish, good water quality and water sources, or other needs of local
stakeholders; and/or
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— agreements with local indigenous peoples and community groups to support new agriculture or
other business ventures.

6.3.9 Engagement plan

Each mine operator should prepare an engagement plan that describes the results of the above
evaluations and considerations, and which describes how the consultation process will be undertaken.
This plan should be available to all stakeholders and be updated on a regular basis.

6.3.10 Engagement and reporting frequency

Engagement should be conducted on a continuous basis and in accordance with the current engage:tent
plan. Progress reports to the stakeholders and others should be issued at least annually dufing nmine
closure andl reclamation and the adaptive management phases.

7 Decision and analysis tools

7.1 Design levels

7.1.1 Gejneral

The level of design used in mine closure and reclamation planning{rariges from conceptual to detafiled
constructi¢n level designs. As-built information provides a complete record of what was constructed.
As the level of design evolves, more field data is collected and’the level of certainty for the degign
constructapility and construction costs increase. Planning-afid design processes typically utilize|the
lower leve] design initially, while alternative approaches are still being explored. Once the preferfred
alternativds are selected, the design levels increase to provide additional accuracy on the design details
and associgted costs.

7.1.2 Objectives
The object]ves of describing specific design‘levels are to:

— facilitdte understanding of the level'of confidence and/or accuracy of the designs presented and|the
factorg considered in developifig to that design level; and

— definelthe factors that should be considered for the various mine closure and reclamation planping
and design stages.

7.1.3 Approach

The follow|ng design levels used throughout the mine closure and reclamation planning process shquld
be considefed:

— conceptuah

— pre-feasibility;
— feasibility;

— detailed; and
— as-built.

These design levels are specifically established to provide for sound planning and design decisions,
based on design details with an acceptable degree of uncertainty. At each design level there should also
be no identifiable fatal flaw; and as the design levels progress, the certainty with which fatal flaws can
be ruled out increases.

50 ©1S0 2021 - All rights reserved


https://standardsiso.com/api/?name=737678a92d01bbb789048bf219c1dc37

IS0 21795-2:2021(E)

Various countries and international agencies use a different nomenclature for these design levels. When
working with these guidelines, users should consider level of detail contained under the description of
each design level rather than what the design level is called.

7.1.4 Conceptual design level

The conceptual design level should include a series of drawings or sketches outlining the major
dimensions of the facilities considered, which can be based on limited field data and available climatic,
geological, surface water and groundwater data. Conceptual plans for locating the required borrow
materials should be available. A brief description of how the closed facility will be operated, maintained

1k Aol 1d .1 L rdad ol £laa 1afl £l 1 pa | H
an ITIUITILUT CTU S11IUUIU dIoVU UCT lJl UVIUCU OSITICUT UII1IOo LAIT ITITIUTTICT LIIU CLIUSUI U ucolsu.

No fatal flaws should be suspected. Uncertainties can still occur in design concepts and thq estimated
costs. The level of project definition should be in the range of the Association for the|Advahcement of
Cost Engineering (AACE) 1 % to 15 % and the expected level of accuracy in mine closure and reclamation
cosf estimations should be in the range of AACE -50 % to +100 %.

Thed above ranges for level of project definition and cost estimation correspond to the AACE[5! Classes
4 and 5 respectively. A higher level of project definition (Class 4) should, be achieved to cqnfirm that
sufficient detail is available to support effective stakeholder engageméntand alternatives arjalyses.

7.15 Pre-feasibility design level

The pre-feasibility design level should include a description<of the basic design criteria angl drawings
out]ining plan views, which include the facility dimensions.' The pre-feasibility design should be based
on sufficient field data (including geological and geotechnical) and climatic, geologic, surfface water
and groundwater information to allow a determination of constructability and operability. Reasonable
assyimptions should be made where no geologic.or” geotechnical field data are available.|Sources of
borfow material should be identified and chardcterized with some preliminary field data. Availability
of spfficient quantities of borrow sources, including reasonable contingencies, should be denponstrated.
A filamework showing how the closed facility will be operated, maintained and monitored should be
proyided.

There should be no indication that'fatal flaws can exist. Most uncertainty should be assog¢iated with
the| estimated construction material quantities that influence construction costs. Cdnstruction
sperifications should be scoped out and key components defined. The level of project definition should
be ip the range of 10 % to 40 % and the expected level of accuracy in mine closure and reclaipation cost
estimations should be in(thé range of -30 % to +50 %.

The above ranges forlevel of project definition and cost estimation correspond to the AACE Classes 3
and 4 respectively:A higher level of project definition (Class 3) should be achieved to providg sufficient
detqil in support effective stakeholder engagement, analyses of selected options, and effdctive mine
cloqure andfeclamation plans and designs.

7.116- “Feasibility design level

The feasibility design level should demonstrate further development and detail compared to the pre-
feasibility design level. Sufficient field data (including geological and geotechnical) and climatic, geologic,
surface water and groundwater data should be used to allow a determination of constructability and
operability, using minimal assumptions for the areas where no geologic or geotechnical field data are
available. Borrow sources should be defined and characterized by field data; sufficient quantities of
borrow sources, including reasonable contingencies, should be demonstrated to be available. A facility
operations, maintenance and monitoring plan should be provided.

There should be a high degree of confidence that fatal flaws do not exist. There should be limited
uncertainty associated with the estimated quantities that influence construction costs, and contingency
plans and measures should be identified to deal with any remaining uncertainties. Construction
specifications should accompany the design. The level of project definition should be in the range of
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30 % to 70 % and the expected level of accuracy in mine closure and reclamation cost estimations
should be in the range of -20 % to +30 %.

The above ranges for level of project definition and cost estimation correspond to the AACE Classes 2
and 3 respectively. A higher level of project definition (Class 2) should be achieved to provide sufficient
detail to support effective mine closure and reclamation plans and designs and adequate closure

budgets an

d funding plans.

7.1.7 Detailed design level
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n can proceed as effectively as possible (i.e. minimize fipalization of design detailing in
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various cofistructed facilities are. Selected detailed.design drawings should be modified to show th¢
built details and note any changes made to the oFriginal detailed design.
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tual design level:
reening of alternatives,
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pre-feasibility design level:

alternatives analyses and selection of preferred option,
environmental assessments,

risk assessments and the development of mitigation measures, and

preliminary mine closure and reclamation cost estimates;

lity design level:

— closure and reclamation permitting, as appropriate to the jurisdiction,

— risk assessments and the development of mitigation measures, and
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— closure and reclamation cost estimates for establishing funding plans;
detailed design level:

— closure and reclamation construction, and
— refinements to the reclamation cost estimates established for tender;

as-built design level:

— vital information for the effective long-term management of the closed mine.
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Alternatives identification and analysis

1 General

rnatives identification and analysis is fundamental to mine closure planning and provi
demonstrating that the most appropriate mine closure and reclamatien approaches
cted. Furthermore, it removes inherent biases of the team undertaking the mine c
amation planning and design, supports the engagement process, and-demonstrates to st
all options have been considered with rationales for the preferredoptions.

2 Objectives

rnatives identification and analysis should be used\to identify different approaches

des a basis
have been
osure and
hkeholders

to closing

h major mine facility, such as the process plant site,’the TSFs, WRDs, HLFs, open pits, un
kings, contaminated soils, surface water and .groundwater, non-mining waste, and
bts (e.g. assets for re-use). Closure and reclamation of these facilities can have differing g

, on balance, best meet the site conditions, the mine operator’s requirements and
keholder objectives.

derground
ther mine
takeholder

engineering objectives. An alternatives analysis should be used to select the preferred alternatives

he various

alternatives identification and .ahalysis exercise should be clearly documented t¢ facilitate

ortunities for governments’, communities’, indigenous peoples’ and independent revi
Licipation in the options evaluation and selection process.

3 Approach

rnatives identification and analysis should be performed during the initial development
ure and reclamation plan. The plan should be updated and integrated with operation|

bw boards’

pf the mine
s resulting

from changes inthe mine’s production plans or site conditions (e.g. significant increases in capacity,

new
oft

Thd
sco

r WRDs, new.extraction processes, significant changes in the physical and chemical chai
he mine waste, etc.).

process requires input from appropriately qualified and experienced professionals.

acteristics

Numerical

"ifig and ranking should only be used as a guide and should not be considered as the onfy factor in

sele cting preferred alternatives.

The approach should include one or more of the following steps:

— technology screening: identification of technologies that can be considered for mine closure and
reclamation, and a screening-level analysis of these to select the potentially feasible and more

©IS

promising technologies;

alternatives screening: developing site-specific mine closure and reclamation alternatives for each
of the major facilities, and subjecting these to a screening-level analysis to select a preferred or

several potentially preferred alternatives; and
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— alternatives analysis: developing site-specific mine closure and reclamation alternatives for each
of the major facilities or selecting the alternatives shortlisted in the second step (dash above), and
subject these to a detailed multi-criteria analysis to support selection of a preferred alternative.

The number of steps to be included depends on regulatory requirements, the size and complexity of the
mine facility being analysed, and the level and sophistication of stakeholder involvement.

The range of technologies selected should not be based only on technical considerations, but also
include those identified for consideration by the stakeholders.

Details of each of the above steps are discussed further in 7.2.4 to 7.2.8.

7.2.4 Tefhnology screening

A list of pgtential technologies that can be suitable for the facility being closed should be.compiled,
irrespectiye of site-specific conditions. It is important to consider a broad range of optiens, to include
stakeholder interests adequately and to allow the process to rule out those technologies that are|not
feasible under site-specific conditions.

The basic [parameters and unit costs for each of the selected technologies ‘'should be evaluatefl at
a conceptyal level for the site-specific conditions. Major dimensions and\the influence of climlatic
conditions|on the alternatives should be assessed. Unit costs can be basedyon industry standards with
assumed allowances for site-specific conditions.

Screening friteria should then be developed to allow the selectiort of those technologies warranging
further evdluation and, in some cases, to identify the preferred technology. Alternatives can be excluded
from furthpr consideration if they fail to meet one or more of the following criteria:

— feasibility: alternatives that cannot be implemented under site conditions;

— technigal effectiveness: alternatives that do not-meet the needs of required objectives throughout
the pogt-closure and reclamation periods and:beyond; and

— cost-efffectiveness: alternatives for whichthere is a more cost-effective means of achieving the same
long-t¢rm objectives.

A thorouglh justification and rationaléifor selected technologies, the screening criteria and the shjort-
listed technologies should be provided.

7.2.5 Options screening

The alternptives screenifig)step should be considered when there are many possible options and fit is
impractical to develop,pre-feasibility level designs for each and to conduct the more detailed analsis
discussed In 7.2.6.

A list of pptential’ mine closure and reclamation options should be developed that should include
all those pptentially suitable for the facility being closed and be capable of accommodating the {ite-
specific cotrditioms: i =h i i the
technology screening steps described in 7.2.4 or can be established independently of these steps.

Conceptual designs (7.1.4) and cost estimates (7.5) for each of the selected technologies should be
established. Where applicable, water and chemical balance analyses should be conducted. Costs can be
based on industry standards with assumed allowances for site-specific conditions.

Evaluation criteria should be developed to allow the comparative ranking of the options, the selection
of those warranting further analysis and, in some cases, identify the preferred option. The evaluation
criteria should address the following aspects of closure and reclamation:

— constructability: options that are straight-forward to construct and where construction risks are
low receive higher scores;
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long-term performance risks: options that are more durable and involve lower risks of failure

receive higher scores;

feasible post-closure and reclamation land uses: options with higher quality post-closure and

reclamation land-use potential receive higher scores;

stakeholder preferences: provided there is enough coherence and a common theme, options that

better align with stakeholder preferences receive higher scores; and

costs: lower cost options receive higher scores.

11d include a measurable performance indicator based on a clerly defined scale. Teta
h alternative should be obtained by multiplying the individual scores under each(crite

ight of that criterion. Screening out options based solely on cost can be justified-when it i

on uneconomic.

ions that rank the highest in total score should be considered for further analysis. In sele
bnsive sensitivity analyses should be conducted at a minimum to address,the following:

which option ranks highest under each criterion?

how do the options rank if cost is not a consideration?

how do they rank if cost is the only consideration?

which option ranks highest considering the criteriaiweighting scheme?

ere each question results in a different option being ranked the highest, a larger numbe
N higher scores under each of the criterion should be considered for further analysi
ller number of options, or an individual opti@n, scores consistently higher than the other
iber should be considered. It may be possible to select a single preferred option and for
ons analysis step.

jorough justification and rationalelfor selected options, the evaluation criteria and the s
ons should be fully documented:

6 Options analysis

options analysis follows the options screening process described in 7.2.5 with the exc
ificantly more detdiled information is required, as described.

5t of potentjal™mine closure and reclamation options should be developed and should
be potentially suitable for the facility that accommodate site-specific conditions. The opt
eloped ffom the short-listed technologies resulting from the technology screening (7.2.4)
ening (7.2.5) steps, or can be determined independently.

the score
scores for
[ion by the
enders the

'ting these,

of options
5. Where a
5, a smaller
bo the next
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bption that

include all
ons can be
or options

Pre

Lfeasibility level designs (7.1.5) and cost estimates (7.5) should be developed for each of

he options

considered. The information needed to generate pre-feasibility level design and cost estimates should
include (but is not limited to):

— Dbasic site characterization information, including geology, geochemistry, soils, climate, hydrology,
hydrogeology, surface and groundwater quality, air quality, terrestrial and aquatic ecology, cultural

heritage and indigenous matters, as well as population and community data;

environmental and socio-economic impact assessment;

— technical characterisations, i.e. the engineered elements of each option such as size, volume,
capacity, chemistry, techniques, water and chemical balance (average and for extreme conditions)

supporting infrastructure, etc.;
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— economic characterisation, i.e. the economics of the option over its life cycle, including investigation,
design, construction, operation, mine closure and reclamation and post-closure and reclamation;
and

— socio-economic characterisation, i.e. the potential influences on local and regional land users (e.g.
land use, cultural and traditional use, employment and/or training opportunities, etc.).

A multidisciplinary team of appropriately qualified and experienced experts should be formed to
undertake the characterisations. Statements of judgement, risk or uncertainty should be explicitly
defined and qualified.

The evalufition criteria shou e develope 0 allow € comprenensive comparative ranking of

the optionk. Generally, the evaluation criteria should address the following aspects of closure :)ind
reclamatiop:

— protection of human health and the environment;
— compliance with applicable regulations;

— long-tdrm performance and risks;

— stakehplder considerations and preferences;

— compatibility with regional land use and development plans;

— envir:[lmental and social impacts during closure and reclamation; and

— costs.

Each of thé¢se criteria, or a similar set of criteria, can be, expanded by incorporating sub-criteria.(For
example, “long-term performance and risks” can be sub-divided into:

— maintgnance effort needed in the long-term;

— level of sophistication needed for long-termymonitoring, inspections and maintenance;

— risks and consequences of catastrophic failure; and
— potentiial conflicts with future land uses.

A preferrefd option is typically selected from the highest-ranking options. To support selecting|the
preferred @ption, sensitivity dnalyses should be conducted as described in 7.2.5. A thorough justificafion
and rationple for the seleé¢ted option, the evaluation criteria and the short-listed options should be
provided. A detailed summary should be provided of what specific trade-offs were made between|the
criteria in $electing this'option.

7.2.7 Stakehaolder engagement

engaged on any or all aspects that can impact them either directly or indirectly. Aspects of interest can
include those related to impact on future land uses, protection of cultural resources, extent of long-
term maintenance requirements, geotechnical risks, etc.

7.2.8 Documentation

Results should be documented through a technical options assessment report that describes the
outcome of each of the separate steps above i.e. the design and operation phases. This should be
separated into two different sections: design and operations. Detailed supporting information should
also be presented separately.
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