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Canadaodos Climate Change Adapt a
Mining Working Group (MWG)

A The MWG consists of representatives from federal and
provincial/territorial governments, industry, academia as well
as non-governmental and other organisations.

A The MWG is Chaired by the Climate Change Impacts and
Adaptation Division, Natural Resources Canada

A August 2017 Adaptation Platform call for proposals. Risk
Assessment on Existing Orphaned or Abandoned Mines
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CLIMATE RISK INSTITUTE
(CRI)

——

AAdvance practices and
deliver servicesrelated to
climate change risk = —
assessment, adaptation — —

planning, policy evaluation,
and resiliency

APreviously known as the
Ontario Centre for Climate

Impacts and Adaptation CLIMATE

Resources INSTRUTE




OVERVIEW

Need for this work
Objectives
Describing Kam Kotia

Risk assessment
framework development

. Climate projections and
characterization

6. Results and
recommendations
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THE NEED FOR THIS WORK




CLI MATE CHANGE BASI CSe

<evce 1 It'S warming.
2 |t's us.
3 We're sure.
s |t's bad.
We can fixit.

https://350.org/
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Headline Statements
o = wwm A# AT AAAG basvarrzed and Will warm furtherin the
‘ future, driven by human influence.

A Both past and future warmingin Canada is, on average,
aboutdouble the magnitude of mean global warming.

A Precipitation is projected to increase for most of Canada, on
average, although summer rainfall may decrease in some

Chcmging areas.

Climate A The seasonal availability of freshwatels changing, with an
' Re po rt increased risk of water supply shortages in summer.

A A warmer climate wilintensify some weather extremesin
the future.

A The rate and magnitude of climate change undkgh versus
low emission scenarios project two very different futures
for Canada

Bl e e
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IMPLICATIONS FOR THE MINING INDUSTRY

‘ -Q ‘ k : . - - y Yo et 3 f'..
Nyrstar Myra Falls ;< « 20 K ' s e N Bt e SO Water Today, 2019

Warmer temperatures and thawing Increasing extreme weather can Climate induced droughts and
permafrost challenge tailings ponds and dams, altered precipitation patterns may
affect water availability and water affect water and energy availability
quality and impact procession, refining, site

rehabilitation and other uses.
CL'MATE
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PROJECT DESCRIPTION AND OBJECTIVES

Assessing Climate Change Risks at Abandoned or
Orphaned Mine Sites

1. Review rehabilitation plans across a range of abandoned
or orphaned mine sites in Canada, to determine
whetherandhow they account for climate change;

2. Conduct a full climate change risk assessment of one
abandoned or orphaned mine site in Canada
(KamKotia, Ontario);

3. Identify, assess and prioritize management risks and
opportunities specific to Kam Kotia

4. Propose adaptation measures to help reduce climate

Change ”Sk- Supported by Natural Resources Canada's Climate
Change Adaptation Program

) * Nat IR esources Re sou ces naturelles
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BENEFITS TO OTHER MINE SITES
AND JURISDICTIONS

A Development and testing of a
transferrable framework to identify
climate risks

A Identification of risks that can be
considered for future resilience
building

A Steppingstone for screenintevel
analysesf potential vulnerabilities
relevant to other comparable sites
across Ontario




KAM KOTIA MINE SITE
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KAM KOTIA
MINE SITE

AFormer copper and zinc
mine near Timmins, Ontarid

AMined from:
0 194344
o 196172

AClosed in 1972 and
ownership transferred to
the Government of Ontario

A6 million tonnes of acid
generating tailings
deposited during
operations in 3 areas, 2 of
which were unimpounded.

CL'MATE
R/SK
INSTITUTE

SOUTH
UNIMPOUNDED
TAILINGS

KAM KOTIA
PLANT SITE

T NDED
TAILINGS !

ACCESS ROAD

Aerial view of Kam Kaotia, circa 2000




REMEDIATION
ACTIVITIES

treatment plant 002
Phase BReIocatlon of the Southern

the new NUT impoundment dan2003

Phase C Relocation of additional NUT
tailings to within the footprint of the
new NUT impoundment are®(004)

Phase D Relocation of tailings from
north & east creeks to the NUT and > (AILIs
AAAEOQCET T 1T A0 | EOC ﬁ?

Phase E Construction of dry cover over
the NIT 20095, rehabilitation of hazards
and cleanup (ongoing) ‘

CLIMATE
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KAM KOTIA SITE
COMPONENTS

North
Unimpounded
Tailings (NUT)

North Impounded
Tailings (NIT)

Acid Water Water Treatment
Collection Pond Plant

South
Unimpounded
Tailings (SUT)

Site-Related
Infrastructure

CL'MATE
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+ Future siterelated remediation plans

Each of these site
components
Include several
sub-components
to consider



CLIMATE CHARACTERIZATION AND
RISK ASSESSMENT




WHY UNDERTAKE A RISK ASSESSMENT?

Risk Assessments

A To identify, evaluate and prioritize the
likelihood and consequences of climate change
Impacts.

Event Risk Rating

A To apply relevant, ufto-date climate Lkelinood

iInformation.

Benefits:

A Guides adaptation planning efforts

Unlikely

1

A Locates vulnerabilities

Rare

A ldentifies best efforts and implementation
actions

CL'MATE
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RISKASSESSMENT FRAMEWORK
FOR ABANDONED MINES

Step 1: Risk Assessment

:
o
Climate Risk: 9 2l
T ~ ~N N s oA~ . s A A A~ a N Step 2: Information - '8 T -
AO4EA AEAT AA | E EIEOOU ~AlO
defined as a measure of the . s
- . @)
probability and severity of an adverse =3
effect to health, property, the ~ ~ ECSSESEEEEIEED S
AT OEOTTI AT O TO 1 OEAO AFEFCA | £ |BATI OAL
AA function oflikelihood, severity of o =
consequencesandadaptive capacity =
g
CLIMATE Adapted from: Orphaned/Abandoned Mines: Risk Identification, Cost

R|SK Estimation and Lonterm Management, NOAMI 2016
INSTITUTE ® gement, o



DERIVING LIKELIHOODS

CLIMATE EVENT ANALYSIS 1
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HISTORICAL CLIMATE CHARACTERIZATION: 2012
DAM FAILURE 0 20 DAY ANTECEDENT TEMPERATURE

CCHIP.CA - Incident analysis: temperature variables (C) - 2012-03-20
Timmins Victor Power A (6078285)(": incomplete year)
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KAM KOTIA CLIMATE CHARACTERIZATION (SNAPSHOT)

A Historically (1981 to 2010):

o Highest amount of historical-day, 3day and 7day precipitation is delivered @agin and occurs in
Summer

o Most number of dry days (no precipitation) occur@pringandSummer
o Average windiest conditions occur historically3pringandwWinter.
o Highest maximum wind gust recorded ever wasummer

A Future Changes (2050s and 2080s):
o Largest increases in mean and minimum air temperatures octinier, particularly indJanuary

o Large increases (>200%) in "warm" days by the 2050s in winter based on minimum air
temperatures.

o Highest increases in total precipitation expecteimter, with less precipitation itummer

o Annualwater budget is shifting seasonally: Significant increases in water suifginginand
significant increases in water deficithallandSummer

o Freezethaw cycles are generally decreasing across most seasons, exX@épten where they
are increasing rapidly.

CL'MATE
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FUTURE CLIMATE CHARACTERIZATION
B Historic

] RCP 8.5 2020s

[ ] RrcP 8.5 2050s
I RcP 8.5 2080s

14
12

daws

jan feb mar apr may jun jul aug 3ep oct nov dec
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WATER BALANCE

CCHIP.CA - 1955 to 2012 average water balance...
—e— Historical total precipitation
—e— Historical actual evapotranspiration

#— Historical potential evapotranspiration
I Historical water deficit

I RCP 8.5 2020s water surplus

200

180 Increasing water

surplus in Jan, Fel
March
Decreasing in
April, May

160

140

120

1T
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20

—ea— RCP 8.5 2020s total precipitation
RCP 8.5 2020s actual evapotranspir. ..

—e— RCP 8.5 2020s potential evapotran. ..
I RCP 8.5 2020s water deficit

I RCP 8.5 2050s water surplus

—ea— RCP 8.5 2050s total precipitation

RCP 8.5 2080s total precipitation

RCP 8.5 2080s actual evapotranspir. ..

—e— RCP 8.5 2080s potential evapotran...
Il Historical water surplus

RCP 8.5 2050s actual evapotranspir. .. o
+— RCP 8.5 2050s potential evapotran...

Il RCP 8.5 2050s water deficit il RCP 8.5 2080s water deficit
I RCP 8.5 2080s water surplus

Increasing water
deficit in summer

CL'MATE
RSK
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CLIMATE EVENT ANALYSIS T LIKELIHOOD RATINGS

Observations & Projections Likelihood Ratings

Climate Parameter(s) Historical Change Change
Condition 2050s 2080s

Climate

Hazard / Event Historical 2050s 2080s

Dry Conditions/ Average water deficit in Summe

0 0, 2 . .
Drought Fall (mm) 6.3 mm +90% +182% Unlikely Possible Likely

Days Min Temp >@C in Winter 1.95 days +208% +469%

Rairon-snow Possible Likely
Total Precipitation Winter (mm) 157.2 mm +16% +26%
Maximum 1Day Precipitation 0 0
E;(etgcierrilztion Annually (mm) 37.1 mm +8% +18% Likely
precip Days with precipitation >20mm 6.3 days +17% +25%
Freezethaw cyclesFreezeThaW el 10.2 cycles  +100% +148% Likely Likely Likely

Season

shitinginydrolagy Average water surplus in Winter

groundwater (mm) 23.5 mm +209% +377% Unlikely Possible Possible

conditions
Days with average windspeed >

2.3 days N/A N/A

ExtremeWinds 52 km/hr ’ Likely Likely Likely

Max Wind Gust Speed (km/hr) 158 km/hr N/A N/A
CL'MATE
RISK

INSTITUTE



PUTTING THIS TOGETHER I KAM KOTIA RISK MATRIX

Conseguence

Likelihood Very Low Low

Class |l Class Il

Likely Class I Class Il Class llI
Possible Class | Class lI Class Il
Unlikely Class | Class | Class II Class Il
Rare Class | Class | Class I Class llI Class Il

)

#1 AOO ))) OEOEO EAOA 1 Au AA
(e.g., highly unlikelout consequences are high enough
that considerable attention may be warranted).

CL'MATE

INS_FFI%ETE Adapted from: Orphaned/Abandoned Mines: Risk Identification, Cost Estimation and-teyng Management, NOAMI 2016 @



CLASSES OF RISK

- Risks that are below the risk acceptance
threshold and do not require remediation.

- Risks that lie on the risk acceptance
threshold and require active monitoring.

- Risks that exceed the risk acceptance
threshold and require remediation.

AClass IV - Risks that significantly exceed the risk
acceptance threshold and reguire urgent action.

Consider the Quality of
Information :

With more detailed
iInformation, some risks may be
elevatedor reduced Lack of

information may warrant more
monitoring & analysis

Adapted from: Orphaned/Abandoned Mines: Risk Identification, Cost Estimation and-temng

CL'MATE
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RISK ASSESSMENT RESULTS AND
RECOMMENDATIONS
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SCENARIO: NUT IMPOUNDMENT AREA

==




SCENARIO: WATER TREATMENT PLANT

05
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KAM KOTIA CLIMATE RISKS Highest Risks
(Class IV) found to

= be scenarios where
the volume of water
onsite exceeds the

20

capacity of the system
leading to several
Impacts.

15

10

Number of Scenarios in Class
¥ =}

- 3
0 0 o

Current 20505 20805
Timeline

m Class | Cass i Classlll mQassV
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ADAPTATION
RECOMMENDATIONS

1. Improve information and
knowledge onsite
A E.g., sitewide drainage plan

2. Bolster remedial actions

A E.qg., install backup generator for
pumps in event of power outage

A E.g., Deepen fill cover on top of
open pit liner
3. Build management capacity
A %8C8h AAT OOAI EUAA
and remediation document

A E.g.,desighate an Engineer of
Record (EoR) for the site




LESSONS LEARNED FOR OTHER
ABANDONED OR ORPHANED
MINE SITES

Design and
As-Built
Reports

Operation anc
Maintenance
Reporting

Final Closure Engineer of
Reports Record

Incident Ongoing Codes and
Reports Monitoring Standards

Site VisIts

CL'MATE
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THANK YOU!

QUESTIONS?

p 'm im:#"",
F': ! ., f é‘&m

f”" 3,,‘; | > Glenn.Milner@climateriskinstitute.ca

Jacqueline.Richard@climateriskinstitute.ca

By

’;& www.climateriskinstitute.ca



http://www.climateriskinstitute.ca/
mailto:Jacqueline.Richard@climateriskinstitute.ca
mailto:Glenn.Milner@climateriskinstitute.ca

March 15, 2021

Adaptation Platform Webinar Series



Green Mining Innovation (GMI) Division

Waste Management

\. A Genomics for waste reclamation
Eses. A Radioactive waste management
=&% 1\ A Bioleaching

CANADA IS
THE LEADING

1 MiNinG NaTion Water Management

A Water recycling in
mining/milling

A Membrane technologies

A Ecotoxicity for regulations

Environmental
Assessment
Reviews

Enhanced Productivity

A Unlocking resources,
reducing costs, improving

recoveries

36



Major GMI Programs

Rare Earth Elements-Ore to Oxide

Focus on Canadian deposits to produce viable
flowsheets for each of the ores

Responsible development of REE to maximize
Canadian Value and Benefits
R s (R

Foundation Science: Characterization, Process Chemistry

Environment: Geochemistry, Ecotoxicity, Waste Management

Ressources naturelles
Canada

Natural Resources
Canada

i+l

P
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Ring of Fire Chromite
Made in Canada Approach

Responsible development of Chromite to
maximize Canadian Value and Benefits

| .
f (T T 1 ( ' J
AL 2 .
- 3 ' v --
" ‘ , <
by .

Rhysical' ) ) itives

Environment: Formation and mitigation of Cr(V1),
slag utilization, GHG minimization

i+l

Canada
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Major GMI Programs

Battery Minerals R&D Program Mining Value from Waste
Working across Federal family to transform Facilite transition to a circular and low carbon
minerals into energy economy

Environmental management, methods, testing Address legacy and waste management

and certification challenges through collective innovation

Upgrading Chemicals Recycling

3 27 6 28 | 12 25 - ' y
LI Co C NI Mg Mn e b
Lithium Cobalt Carbon Nickel Magnesium || Manganese \ .
By-product potential

i+l

Natural Resources Ressources naturelles Canada
Canada Canada
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Climate Change Research Areas

1. Mine waste management:
1. Organic covers in a changing climate
2. Saturated covers in a changing climate

2. Water and Environment:
1. Mine dust
2. Remote real-time water quality sensor
3. Big data water quality project

| B4 |
I * I Natural Resources Ressources naturelles Canada
Canada Canada
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Mine Dust

e Dust can be an issue at mine sites with
very little research being conducted on
environmental impacts

e Increased land activity and projected
climate change may intensify dust
generation and transport

e Increased dust mobility could result in
Intensification of dust as a contamination
pathway

Canad

dI1ddd

I * I Natural Resources Ressources naturelles
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Research Objectives

1. Determine the potential risk dust poses to nearby surface waters,
using geochemical and mineralogical characterization of the tailings,
shake flask tests and geochemical modelling.

2. Evaluate dust sampling methods in terms of long term, seasonal
sampling. Seasonal sampling is used to understand the relationship
between seasonal weather conditions and dust generation, which may
be useful for future dust generation predictions.

|
Natural Resources Ressources naturelles = Ca ad
I * I Canada Canada n a
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Research Objectives

1. Determine the potential risk dust poses to nearby surface waters,
using geochemical and mineralogical characterization of the tailings,
shake flask tests and geochemical modelling.

,m; Natural Resources Ressources naturelles = Ca ad
I I S S
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Stirling Mine

e Zn-Pb-Cu-Ag-Au Deposit

e Hosted in pyrite-rich, siltstone-chert-
dolomite rocks

e Operated from 1935-1938 and 1952-
1956

e Tailings deposited directly into the
stream and an impoundment area

dI1ddd

Canad

I* I Natural Resources Ressources naturelles
Canada Canada
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Methods

Sieved Tailings Water Sampling

A Sieved to <63um as a proxy for dust A Total cations, dissolved cations, anions
Elemental analysis (ICP-AES/MS) A Speciation Modelling

Mineralogy Passive Dry Deposition Collectors

A
A
A Shake flask tests | A Mineralogy of dust on filters
A Speciation and Inverse Modelling A Shake flask tests

I *I Natural Resources Ressources naturelles Canada
Canada Canada /



Geochemical Characterization

e Elements of concern were identified as Zn, Pb, Cu, Cd, As and Sb

Concentration (ppm)

30000

25000

20000

15000

10000

5000

% @ Cu
o Pb
BZn
a =i o
[ ——— ]

— CCME Solil Guideline

Natural Resources Ressources naturelles
Canada Canada
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45

Average Guideline
Concentration (ppm)
(ppm)
250

17,000

5,500 140
1,700 63

260 12

96 20

44 10

Canada
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Mineralogical Characterization — - — ,
| | / »I Tennantite
e Determined the host mineral for | y 2 <
elements of concern R\ ] /@ T
e Hosted within both primary and _ Smithsonite
secondary phases (sulfides, carbonates % % Aurichaloite
and (hydr)oxides) : . Q

@ Y

Mineralogy influences solubility
and metal mobility in the
surrounding environment

A 4

Cleaver et al. 2021 (In Press, Applied Geochemistr

i+l

I * I Natural Resources  Ressources naturelles Canada
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Shake Flask Tests

e Metals hosted within the <63 um fraction are partially water soluble

e Used geochemical modelling software to determine mineral stability and
sources of metals in the leachate

Experimental Setup

Solid 0.2 g of sieved tailings

Solution 20 ml of OECD aqueous mediul
Redox DO 8-8.8 mg/L (oxidized)

pH /7 pH

Duration/Speed 50 rpm for 24 hours

(DO= dissolved oxygen)

Canada

dll

I * I Natural Resources Ressources naturelles
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Surface Waters

e Surface waters were elevated in Zn, Pb, Cu and Cd

e Shake flask tests likely provide reasonable insight about processes occurring in the field

: | | SELED CCME Guideline
lask Test
for Freshwater
Average (ppb)
(ppb)
Cd 33 <0.030. 53 0. 009
Cu 9 <2.31 3 2-4
Pb 120 035. 0 1-7
Zn 3700 38200 7

I—

[ L |
Natural Resources Ressources naturelles = C ad
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Conclusions

e Geochemical and mineralogical characterization improves understanding
of metal release into the environment

e Findings demonstrate mobility of Zn, Pb, Cu and Cd at neutral pH and
both the primary and secondary phases as a source of metal(loid)s

e Tailings dust at site is a potential source of metals to surface water

Canad

dllddd
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Research Objectives

2. Evaluate dust sampling methods in terms of long term, seasonal
sampling. Seasonal sampling is used to understand the relationship
between seasonal weather conditions and dust generation, which may
be useful for future dust generation predictions.

,ml Natural Resources Ressources naturelles Ca ad
I I S S
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Methods

e Variety of dust sampling methods were evaluated in relation
to seasonal sampling

e Calculated dust deposition rates and metal(loid) fluxes

Passive Dry Deposition Collector (PBS) Rainwater Sampler

i+l

Natural Resources Ressources naturelles Canada
Canada Canada
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High Volume Air Sampler

Measures:
\ Dustconcentration (mg/f)

Physical and chemical
properties oflust

A

12
n 1

10 2
9

Glass Fiber Filter

Powered vacuum pump

s .J  12hactive sampling

Canad

dllddd
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Passive Air Sampler

Measures
Dust deposition rates (mg#fr)
Physical and chemical propertiesdust

No power needed

Glass fiber filter (GFF)

Polyurethane foam (PUF) 3-4 months passive samplir

I *I Natural Resources Ressources naturelles Canada
Canada Canada /
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Rainwater Sampler

Settable particulate Measures

P P Total and dissolved metals

HH matter +

Rainwater
No power needed

N~ ]

HDPE - -

3-4 months passive sampling

N~

Natural Resources Ressources naturelles Canada
Canada Canada /




Spatial/Temporal Trends

A Different sampling methods showed similar trends

A Sites closest to the tailings and downwind received the most dust deposition

A Dust deposition was generally lowest in the summer and highest in winter

1:12,500

Legend

® Passive Sampler
Location

j Tailings

Impoundment

D Stream
[:] Road

i+l

Natural Resources
Canada

Ressources naturelles
Canada

Winter 2018/2019

"

)

WIND SPEED
(m/s)

B -

PasDD (Foam) Winter Rates Bl 20.00-2:00

B s00-2000

Bl 000-1500
Bl 750-1000




Lichen Sampling

e Lichen can be used
as a biomonitoring tool for
atmospheric pollution

e Lichen obtain most nutrients (and
contaminants) from atmospheric
deposition

e Element concentrations in lichens
are hypothesized to reflect such
concentrations in the surrounding
atmosphere

Canad

dllddd
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Platismatia (Varied rag lichen) Usnea (Old man’'s beard) 57

Lichen

e Used to determine the spatial extent of
the dust

: \ Grid 2
e Results support those observed with the A \ Rt
passive air samplers and rainwater samplers (|
,-; &8 | \ & %
3 £ | \ Grid 155,  “a,
?E; Stirling Foliose - Washed @Cu R ”d-“““ N\ 7 i
b~ mPb & o PN =
c Lake = ~S s =L
[) Charles g
1S
8 | Olusu'::'.l,
— b ¥ ) b i
@© : B Y P
% =5 : z*r%& & Nova Scotia
7] 3 2 * ‘\«'f%‘ Loon
= ﬁ- 1 I g Ry, Y o / 2‘2' 7=
L7 L5 L2 Legend ‘ EEE &
. G id 47
Far Downwm Upwmd Tailings Area g S:amples colecd ' .l' b //
downwind * Siamphin oo / Montague =2
- - Wetlands —o— \. :
:@ Tailings :0—250 = 1'()(I{Aoeters \ o 75 1% 300

Montague Lichen Stud$mith et al. 2021
el

I * I Natural Resources Ressources naturelles = Canada
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Remote Sensing

A Collaboration with CCRS-CCMEO to incorporate remote
sensing and satellite imagery

A Used to identify land cover types that capture tailings dust

el “‘if; .." Tailings site (a), areas of potential
"“’,4* o i tailings migration (d), roads(e)

»

Wetland areas (b) and clearcuts (c)

Canad

dI1ddd
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Conclusions

e An ideal sampling method was not determined, but rather benefits
and challenges of each sampling method were identified

e Remote sensing and lichen are both useful ways to monitor dust,
without direct dust sampling

e Future dust generation is difficult to predict due to the unknown
combined effect of changes in temperatures, precipitation,
evaporation and wind speed

Natural Resources Ressources naturelles Ca ad
I * I Canada Canada / n a,




Next Steps

e Testing methodology in a northern
environment

o Most vulnerable to climate change, uniquely
sensitive area, extreme operating conditions

e Active Mine Sites

o Are the same methods applicable to active
mine sites?

e Investigating impacts of mine
dust to senstive wetland/peatland
areas (Ring of Fire)

I * I Natural Resources Ressources naturelles
Canada Canada
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https://en.wikipedia.org/wiki/Canadian_Arctic_tundra

Canad

dI1ddd



