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Mine Waste Management - Past and
Present

Acid Rock Drainage and Metal Leaching:

* Tailings

* Waste Rock Dumps

* Reactive Surfaces in Mine Working
* Ore

* Artisanal and Small-Scale Miners

* Exposed Mineralized Rock
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Mine Impacted Water

Pyrite + Air + Water = Acidity, Sulfides, and Metals

Operation Post-Closure
A Dry Workings Flooded Workings
I
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Seep
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Geochemical Environmental Risk

Impacts
e Water Quality
* Water Supply
* Ecological ” -
Cost

* Remediation

* Water Treatment

* Geotechnical Issues [P (o




Geochemical
Mining Risks

Capital
Types of Risk Geopolitics
L4 Opel"ational \’-\tense tO Operar
. . - @
* Financial :
. gecarPONiZatip,
* Reputational '

Social License
* Environmental

Regulatory

The geochemistry of mine waste and mine
workings is a component of ALL these risks.

SO K

4 Upfrom2021 + Downfrom2021 == Sameas2021 yk New to the radar
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Geochemical
Characterization and
Management 101
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| Typical Project Phase I

Minimum Objective of
ML/ARD Program

I [ Mu/aRD Program stage | | mL/aRD Program Activities

Initial
r Exploration/Site
Reconnaissance

Develop conceptual
geological model for
the site

~Compile and review historical
data

*Develop logging manual
*Diamond drilling and core
storage

~Core logging

=Core analysis for total elements.
=Geological report

*Geological Interpretation
«Collect baseline data

IExploration

Advanced
Exploration/Detail
ed Site
Investigation

Initial assessment of
Potential ML/ARD
Issues

Phase 1
(Initial
Geochemical

Characterization)

Pre Feasibility
1 (Initial Mine,
Waste, Water, and
Closure Planning)

Develop Mine and
Waste Management
Plans to address
ML/ARD Potential

Phase 2
(Detailed
Geochemical
Characterization)

L

tiy studies, design

¥

Re-Design
Mine and

Management

Data Needed
to Refine
Waste Source Term

Plans

*Site visit by project geochemist
“Develop conceptual geochemical
model

*Compare site with analogues
“Design static testing

=Static testing.

=Site water sampling (existing
facilities, groundwater, surface
water).

“Interpretation of ML/ARD
Patential

=List mine facilities (incl.
infrastructure.

“Identify data characterizations.
needs by facility

*Design characterization plan.
~Execute testing (detailed static
and kinetic)

“Interpret test data

Define waste management
criteria

*Block modeling

Mine planning,

Permitting
(Detailed Initial
Mine, Waste,
Water, and Closure
Planning) and
Effects Assessment

feasibi

[

. e —
Feasibility/ Assess Project Effects j
—

With Proposed Mine
Plan

Develop
Facility Source

Terms

Re-evaluate
Project
Effects

A

FEe—

=Continue Phase 2 program.
“Define geometry of facilities.
*Develop mine waste schedule
“Interpret climatological data.
Select modelling methods
*Lxecute madeling

*Couple water and load balance
~tvaluate uncertainty and risk

Downstream
Water Quality [
Modelling

“Interpret baseline water quality
*Develop downstream
hydrological and hydrogeological
modeling

*Select water quality modelling
method

*Execute madeling

«Evaluate uncertainty and risk
*Design verification monitoring

Project
Implementation
(Construction,
Mining, Closure)

Constrqction, operation,
decommisjoning, post-closure

Assess Mine Plan
and Modify

Verification
Monitoring

“Execute monitoring plan
*Cvaluate results
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“sStarts with a thorough baseline (Iate-;,)exploration or PFS)

3 Iﬁblléet*&nd -analyze sufficient samples of major I|tholog|es
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i Develop a realistic ciosure plan and update itreg

~*Don’t Iet operations put off closure activities




IELGENENS

e Start early

* Be thorough

* “Mine towards closure”

* Weak national requirements are dangerous: Use industry best practices

* Data and document management
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