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1. THE DISCUSSION ON RISK AND UNCERTAINTY >

AGNICO EAGLE

A group of professionals and experts is
gathered to discuss an issue related to
mine waste and water management.

What will most likely happen?
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1. THE DISCUSSION ON RISK AND UNCERTAINTY

AGNICO EAGLE

What often happens when group conversations occur:

1.

The collective experience tends to recognize that projects are always more complex
than anticipated - and preventive/mitigation measures are not a nice to have but a
must have.

Irrespective of the technical facts, at the end of the day the collective opinion will often
drift toward a more conservative and precautionary position, specially when there is a
wide range of opinions

Then follows the challenge of internal (and external) communication of these complex
discussions involving risk and uncertainty (e.g. Due Diligence).
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1. THE DISCUSSION ON RISK AND UNCERTAINTY >
AGNICO EAGLE

The process:

1. It starts with solid (and often robust) technical conversations. Safe spaces need to be
created: a key intent behind our internal governance model.

2. The goal is to achieve alignment on risk and uncertainty and converge toward a reasonable
position between a more precautionary and an optimistic view (without killing the project).

3. Finally, we need to communicate in a language that will be understood and useful to the
management the outcome of these conversations. It should be simple and convincing.
Talking using financial considerations makes the conversation easier.
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2. GOVERNANCE OF ENVIRONMENTAL CRITICAL INFRASTRUCTURE >

AGNICO EAGLE

* Follows the Mining Association of Canada (MAC): A Guide to the Management of Tailings
Facilities v3.2 (2021).

= A governance model with respect to tailings management with more clarity on roles and
responsibilities by identifying a certain number of functions with their specific responsibilities :

» The Owner

The Accountable Executive Officer (AEO)
The Responsible Person (RP)

The Design Engineer (DE)

The Engineer of Record (EoR)

vV V VY V V

The Independent Review Board (IRB)
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2. GOVERNANCE OF ENVIRONMENTAL CRITICAL INFRASTRUCTURE >

AGNICO EAGLE

= QOur governance was implemented in 2018;

= Unique to Agnico and an example among others;
= Provide consistency;

= Roles and responsibilities are better defined;

* Notion of accountability is embedded;

= Challenges with growth.
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2. GOVERNANCE OF ENVIRONMENTAL CRITICAL INFRASTRUCTURE

\

AGNICO EAGLE

—2 Reporting - Agnico Eagle Internal
* Accountability [J External Consultants

w—= Close Interaction

> Board of Diwrectors

> Accountable
Executive Officer

/N

[ Engineer of Record

]% [ Site Management Structure j

\ A
—> Responsble Person
J

[ Independent Review
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2. GOVERNANCE OF ENVIRONMENTAL CRITICAL INFRASTRUCTURE >

AGNICO EAGLE

AGNICO EAGLE
2021 ANNUAL STATEMENT REPORT
Date:  J; ary 21, 2022
MINE CANADIAN MALARTIC e S
GOVERNANCE ON CRITICAL INFRASTRUCTURES Jai;  {Dehorsh Mccambel
Chair of HSESD Committee, Agnico Eagle Mines Limited {AEM) Board of Directors
December 10, 2021 From: Michel Julien
Vice President Environment and Critical Infrastructure and
To: Craig Ford, Ph.D,, Accountable Executive Officer (AEC) and Senior Vice President, Health, Safety and Accountable Executive Officer for Critical Infrastructure
Sustainable Development — Yamana Gold Inc. {YRI)
Michel lulien, Eng., Ph.D., Accountable Executive Officer (AEQ) and Vice President Environment and RE :’:’::a:::“‘:’:f::;’m:";:;‘:;":‘;ﬁ:zt:?:';:’;:‘::s“: ");":'r‘z:i(t::zcl’ll:‘:;'r‘i:;m
Critic
2 Christ
As per our Mining Association of Canada (MAC) Towards Sustainable Mining (TSM) obligations
Serge] and our internal governance process, please find below the 2021 Annual Statement from the
Nath 2021 ANNUAL STATEMENT REPORT Accountable Executive Officer (AEO} on the status of our critical infrastructure: tailings storage
g facilities (TSF), heap leach facilities {HLF), rockfill storage facilities (RSF), and water management
Patrid COMPLEXE MINIER LARONDE infrastructure (WMI). This Annual Statement is a professional opinion based on the AEQ's
appraisal of our critical infrastructure’s risk profile, the professional opinions of our Engineers of
Jessic] GOVERNANCE ON CRITICAL INFRASTRUCTURES Record (EoR) and our Independent Review Boards (IRB).
Sophi As per the intent of the MAC TSM - Tailings Guide 3" Edition (2017) {the Guide) (and 2019 Edition
Carlo 3.1), the following responsibilities have been entrusted to the AEO by AEM Board of Directors
= December 10, 2021 (8OD):
* To be aware of key outcomes of the risk assessment of critical infrastructures and how
From: Edou X : X X ) . X these risks are being managed;
To: Michel Julien, Eng., Ph.D., Accountable Executive Officer (AEO) and Vice President Environment and o ormakaieaneiiict o Fave systems and Hrdiareis
Davic Critical Infrastructures — Agnico Eagle Mines Limited (AEM) accomplish their obligations related to the safe management of our critical infrastructure;
Mathi s e o To make sure our operations have assigned responsibilities and appropriate budgets for
Ce: Christian Goulet, Eng., General Manager — Complexe Minier LaRonde {LaRonde) fhel ANt el T Astaictirss
e To assure that duties, ibilities and reporting ips necessary
for critical infrastructure management through all life cycle stages are in place; and,
1. CONTENT OF p » Toassure the Owner and Communities of Interest that critical infrastructure are managed
responsibly.
The annual statel vi
infrastructures inv] 2021 ANNUAL STATEMENT REPORT To support this Annual Statement, the Engineers of Record {EoR} for our different operations {Mr.
- Thomas Lépine, Dr. Edouard Masengo and Dr. Michael James) with the assistance of the various
Eranii £ KITTILA GOLD MINE Responsible Persons {RP}, have provided Annual Statements for our operating sites {see
S GOVERNANCE ON CRITICAL IN FRASTRUCTURES 145 King Street East, Suite 400, Toronto ON Canada MSC 2Y7
( Tel: 41-416-947-1212 | Toll Free: +1-888-822-6714 | agnicoeagle.com
December 15, 2021
To: Michel lulien, Eng., Ph.D., Accountable Executive Officer (AEO) and Vice President, Environment and
. . Critical Infrastructures — Agnico Eagle Mines
Each site E ngineer of Record G JaniUskbnan, Vice residnt,Europe, Agnico Esgle Mines Liitad (AEM) Annual Statement from
o Tommi Kankkunen, General Manager - Kittila Mine u a a e e o
. -
(EOR) and Responsible Person s s, oo srsenBd kel s edilasad Accountable Executive Officer
RP h . d d t h EO From: Edouard Masengo, Eng., Ph.D., Engineer of Record (EoR) _gm
(RP) have provided to the A (AEO) of Critical Infrastructure
0 » Superintendent
an Annual Statement for their site. completed as per our

1. CONTENT OF THE ANNUAL STATEMENT REPORT governance mOdeI and our TSM
obligations -provided to the

Internal reporting Process Board of Directors.
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2. GOVERNANCE OF ENVIRONMENTAL CRITICAL INFRASTRUCTURE >

AGNICO EAGLE

* The importance of disclosure;

= Evaluation of risk is a complex process particularly for low probability and high consequence events.

Pagination not final {cite DOI) / Pagination provisoire (citer le DOI)

Canadian

FibiEhng ARTICLE

Arisk assessment tool for tailings storage facilities

Karen M. Chovan, Michel R. Julien, Fdouardine-Pascale Ingabire, Michael James, Tdouard Masengo,
Thomas Lépine, and Pascal Lavoie

Abstract: The recent ccarrence of scveral major failures of

s storage facilitivs (TSF) has cansed the mining industry
of

o focus on improving the and (design. operation and
these strucures to |fdure (he" environmental impact. This effort is led by the Mining Association of Canada, which man-
o daes the in tailings Due to the very complex nature of TS, such as phased
o design and mmumum comtimunns operation. and cvolving suidelines and practices nver many years. the application of
021 TAILINGS SUMMARY REPORT 2 xaditional risk assessment tools has imitations. A risk assessment tool specifically deseloped for TSF management is pre-
= e - = £ sented. This tool is based on the work of Silva et al. from 2008 that relates the annual probability of failure to the factor of
= safety and the level of engineering. This relationship was modified to reflect current practice. The annual probabiliy
i ure was then combined with 3 consequence rating lo produce  rational and quantifiable evahuation of risk. The
a ment tool provides detailed information on the level of practice of a structure, the corresponding a
& failure as well as the assaciated risk. Validation af the tool included appli to arecent failure.
= Key words: xisk assessment, tailings management, probability of failure, level of engineering, factor of safety.
P Résumé = é\'énemeu(s récents de plusieurs défaillances majeures d'installations de stockage des xésidus (< TSF 4 a
i amené Ui ie miniére & se concentrer sur Iamélioration significative de Uingénierie et de la gestion (conception, con-
g struction, evqno.muun et surveillance) de ces structures afin de réduire leur impact environnemental, Cet effort est mené
22 par PAssociation minidre du Canadz. qui impose Fapplication de I'évatuation des risques dans ka gestion des résidus. Fn rai-
25 son de la nature trés complexe des TSF, tels que La conception et La construction par étapes, le fonctionnement continu et
Y Févolution des lignes directrices el des pratiques sur de années, des outils Lradi aluation
s des risques présente des limites. Un ouril d'évaluation des risques spécifiquement développé pour Ia gestion des TST est pré-
£ senté. Cot outil est basé sur los travanx de Silva et ses collgies en X108 qui mettent en relation la probabilité annuelle de
Z défaillance avec le facteur de sécurilé et le niveau d'ingénierie. Cette relation a été modifiée voux refléter La pratique actuele
2 La probabilité annuelle de défaillance  ensuite éé combinée avec une évaluation
= rationnelle et quantifiable du risque. Lout dPévahaation des Tisques fournit des informations détullées sur e niveay de pratique
L

d'une structure, T probabilité annnelle de défaillance correspondante ainsi que T risque associé. La validation de Foutil compre-
nait lapplication 2 une défaillance récente bien documentée. Traduit par la Rédaction]

Mots-clés : évaluation des risques, gestion des résidus, probabilité de défaillance, nivean d'ingénieric. factenr de sécurité.

Introduction + Asolidand flexible governance policy; ‘

. . Utilization of best available technology and best applicable

1n2004, the Mining Assaciation of Canada (MAC) implemented Siactice:

the Towards Sustainable Mining (TSM) pragram. The p: o e IS T G
has been updated periodically, most recently following the tail- tion as peformance monftoring indicators; and
ings storage facility (1S failures at Mount Lolley (in 2011) and The application of a risk-based approach.
Fundio (in 2015). The primary objective of ISM is to ensure the re-
sponsible management of the risks associated with mining, p T T —
ticularly those affecting the environment. Implementation of TS, This diversiry stems from differences in orebodies, mineral-
TSM at mining sites in Canada and elsewhere is mandatory for  ogy, climate, prope prittlee
MAC members. The program is adaptable to a broad range of  and regulations as well as the type of tailings (shurry, e

Geatech. I Dawnloaded from cdnsciencey

Can. (

organizarional structures, mining activities, and regularory envi- — or filtered).

Tonments. MAC produced a Guide to the Management of Tailings ‘This paper presents a tisk assessment tool for the management
Facilities (the Tailings Guide) (MAC 2019]. The Tailings Guideisa  of 1SF. The tool includes an empirical method to estimate the an-
cove component of TSM and specifies: nual probability of failure (APT) that is then combined with a

Received 27 May 2020. Accepted 10 February 2021.
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SEMI-QUANTITATIVE RISK ASSESSMENT — TAILINGS STORAGE FACILITIES

Annual Probability of Failure

2025 Tailings Storage Infrastructure Relative Levels of Practice
Annual Probability of Failure by Factor of Safety

1.0E-09
Level |
- Level Ib
Level Il
------ Level Ilb
1.0E-08 Level Il GIP
Level lllb NIS owlip
Level IV NP3W NP3N  NsD2 C2-04
= Meadowbank D2ENsp1 i SsD45
A Goldex sCD D28 ssD3 0 BDDC O BDDS
1.0E-07 o LaRonde Dz
0O Cdn Malartic ClL2-s1 ¢ CIL3-s1
O Meliadine
X Pinos Altos BICER) I5E
Kittila
1.0E-06 + Inactive -
¥ Macassa A
€2:03 231
D10G
1.0E-05 D2D
DM1B B
DM4 .-~ q
Corporate Preferred C‘P_?.‘S_HA DM3 gt 1BB 3:51
Maximum Annual PoF 4 DMF
1.0E-04
PRS DNIE
DMG
HP
CIL-HS-451 .-
1.0£-03 _aUse + UC
+ 155
1.0E-02
1.0E-01
1.0E+00
1.00 1.10 1.20 130 1.40 1.50 1.60 1.70 1.80 1.90 2.00 2.10 2.20 2.30 2.40 2.50 2.60 2.70 2.80

Factor of Safety

AGNICO EAGLE
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The intent was to allow prioritization of
interventions and facilitate internal communication
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3. OUR JOURNEY (2018-2025): INTERNALLY :

AGNICO EAGLE

Developed a Vision Leveraged the Benefits of
Sc:?\ti;??\nzzgp::l::t and Governance Participating in Certain Groups
g Model (MAC, CDA, WGC, etc)

Development of
Corporate
Standards and
Procedures

Rollout in the
Organisation Get
the Buy-in of Key

Stakeholders

Reinforce the
team and Keep
Momentum

12
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3. OUR JOURNEY (2018-2025)

Design and monitoring considerations for heap
leach pad facilities constructed in environments E
with steep topography and complex -

hydrogeological regime Regl Nna:s

Miche| R. Julien

ORI MOnRDng duning oe
werify design and o allow the i dpﬂﬂnmmmhmmﬁuhmd
o 50 gt Pl P

La concepfion de plate-forme de lixviation dans des régions avec beaucoup de topographie se fait de routiniere.

Certains aspects du Processus de concepbion dans ces cas requirent des analyses detaliées ou 3 e moins des
de senshilité additenneles. La granulemérie sst considerse durant la phase de ion &

parts dessas de concassage de petts dchantilons de minerai pouvant ou non inclure de lagglomération. L'

il " S du c i - = vt )

mm:ﬂ:';mhﬁm-l:‘m&m:;uasunw. Lemsu:wmmmn

de cutle o otres de des differents élements
du ™ dmmmammmm mmeﬂm‘w‘g‘:h 5 g stabilité. I.;
& S0US alleurs ére i waniant au
T‘w.ﬁ*ﬂ*mmw" ey St o s o o o L s s
de werifer les hypotheses de on et afin didentifier des enmux durant les opérations e
ok des mesures de mitigation si requis.
1 INTRODUCTION exfracive processes io recower minerals. from the orebody
are done farly close in deposit being mined. HLF can
paper discusses koy aspects therefore be located n i temaine  and
the design and operation of heap leach facilities (HUF) n - enwironments, ncluding in - areas  with
aneas. with cal rebef and associated  topographecal relief, and
regme. HLF hawe been a key ical conditions.  In contrast, Landfills tend o
method for ore exdraction in and and chmates - & be located in more suitable
least since fhe 1880s (Smith, 2008). MNow use is Heap is an atracive technology for mineral
expanding in other areas with colder chmates and areas  exirachon many advantages when compared o
with precipiation, For example, recent successfl — more raditional methods. it allows the exploitation of low

Heap Leach Facility in 2012
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3. OUR JOURNEY (2018-2025)

AGNICO EAGLE

Expanding the scope

- Heap Leach
Facilities Water
Tailings - Rockfill Storage Stewardship Legacy
Storage Facilities and Water Sites and
Facilities - Water Management Projects
Management
Infrastructures
Improvin Declassification
Strong focus Ini;rzstrrctures Perfl?)rman?:e and
on TSF 0 Hnaazggdous and Sustainable
Robustness Infrastructures

14
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3. OUR JOURNEY (2018-2025): A LARGE PORTFOLIO OF INFRASTRUCTURES :

AGNICO EAGLE
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3. OUR JOURNEY: MORE TECHNICAL DIVERSITY IN REVIEW BOARDS AND )
TEAM’S BACKGROUND AGNICO EAGLE

Geomorphology

Geotechnical

Eng. Physical Short and
A Long Term
+ .?f,?o'i'i'é'%’a?;‘g, = Hydrology 3 Environmental

Performance

*

Water
Chemistry

4 Geochemistry

Hydrogeology

More integrated
approach in review of
facilities

Strong focus on
geotechnical aspects
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4. THE BIG TOPICS

AGNICO EAGLE

The so-called Brittle Materials — the materials that could lose their strength with
deformation;

Undrained or drained analysis - Liquefaction potential;
Dam break analysis;
Filtered tailings performance;

Water management, hydrology and water chemistry;

Aging of infrastructures and their retrofit with changing regulations and practice;

Climate change and extreme events;

Declassification of infrastructure, landforms and closure design.
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4. THE BIG TOPICS: CONSTRUCTION ON TAILINGS

Michel Julien 2001

The mining i has been able to master this type of construction
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4. THE BIG TOPICS: THE DISCUSSION ON UPSTREAM RAISES

However, | side with the views of Martin &
McRoberts (1999) and others (...) that there is
nothing wrong with upstream tailings dams
provided that key principles are adhered to in
the design, construction, and operation of such
dams (...)

In my practice, | advocate for purposes of
preliminary design that liquefiable deposits that can
liquefy be assumed to do so and that containment
be provided by a buttress of non-liquefiable
unsaturated tailings and/or compacted dilatant

material.
N.R. Morgenstern, 2018 - Victor de Mello Lecture - Soils and Rocks 41(2): 107-129
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4. THE BIG TOPICS ~

AGNICO EAGLE

= Evolution from Observational Method (peck, 1960) to Performance Based Design :

v' Brittle Foundations: Foundations with materials that can exhibit strain
weakening/brittleness or a general contractive behavior.

v’ Liquefiable Tailings: Contractive tailings that may exhibit loss of strength

Observational under static or seismic induced liquefaction (residual or post-liquefaction
Method strength).

 Performance Based Design (can be a long process) :
v Develop performance criteria;
v Understanding material behavior;
v" Modeling it over wide range conditions;
v’ Calibration and adjust models with evolution of site;
v' Adapt the design.

Performance
Based Design
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4. THE BIG TOPICS: FILTERED TAILINGS PERFORMANCE

LaRonde Mine Meliadine Mine
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4. THE BIG TOPICS: DAM BREACH ANALYSIS

State of practice still not well established and based
on very approximate techniques and these studies

have huge consequences for a project. of: Yoas TAILINGS AND :
g q Proj Tailings Dam Breach Analysis THUNGS AND s

Addressing the Challenges from Owner, Regulator,

May lead to wide range of scenarios — worse one will BEiEEEEElE S Ee it

| il.
anvays preval An state of practice

Default assumption: irrespective of engineering undergoing significant
controls, the system will fail. changes

May lead to difficult conversations — talking about risk
is difficult when private properties involved.

Michel Julien

Need to be ready to tackle complex messaging when
agreement is reached.

Realism on what can be achieved with warning and
alarm systems.
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AN EXAMPLE

Excerpts from an actual report:

XXXX used the estimated solids content (/0% to 73%) and the laboratory tested
yield strength (20 Pa) of the XXXX tailings to identify their flow behaviour when
mobilized.

Both “slurry flow” ... and “granular flow” ... were proposed as plausible,
based on literature sources.

Slurry flow was modelled using the Bingham Non-Newtonian Model, which led to
long run-out distances of the mobilized tailings.

Granular flow was modelled assuming a frictional rheology model as well as a
plastic rheology model.

23
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AN EXAMPLE

0.9
_ 0.8
S
£ o
@
=
Z oo
[ =
e
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.1 ' ‘ ' S e
G: Specific Gravity
0.0
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Sediment Concentration by Volume (Cv)
Water Flood Mud Flood Mud Flow Flow Slide " & _ 4 5 (Iron) 'G = 2.65 ' G = 1.8 (Coal
Slumping . 1 . 1 .
Figure 8.1: Flow Types as a Function of Solids Concentration (Source: modified from Martin et al. 2019,
adapted from Julien and O’Brien 1985)

Guidelines for Tailings Dam Breach Analyses (Technical Bulletin Canadian Dam Association, 2020)

24
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5. BENEFITS AND CHALLENGES :

AGNICO EAGLE

= Achieves consistency and more measurable performance throughout the
organisation;

= Creates a more coherent and collaborative environment between operations,
designer and EoR,;

* Provides redundancy in review;

= Scope creep is happening naturally and requires broader expertise;

» The process requires a lot of work but empowers operations.
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5. BENEFITS AND CHALLENGES: INTERNAL EOR :

AGNICO EAGLE

» Regarding the role of the EOR, many models are possible;

» The ultimate objective is to effectively manage risks associated with mining
dams and demonstrate our capability to do so;

= The key ingredient is to have a clear governance, well understood and
recognizing the role, importance and responsibility of the Owner;

= QOver-emphasis exists on the EoR role. The EoR is only one part of the
system;

» |tis important to create a collaborative environment where roles and
responsibilities are clear.
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CONCLUSION )

AGNICO EAGLE

o Agnico Eagle governance model of environmental critical infrastructure is one among
many others;

0 Key: close interactions with operations;
0 It addresses many types of infrastructures;

a The scope evolved with time by including more water management and closure
aspects;

0 Review Board and EoR background becoming more diversified;

o There are big topics: State of Practice has greatly evolved but recurring topics.

27
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