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Introduction

For orphaned and abandoned mines, climate
change has the potential to compound existing
risks to ecosystems and communities and, in
general, raise levels of risk for governing
jurisdictions. It is possible that in many cases,
levels of current and planned rehabilitation may
be insufficient to account for future climate and
extreme weather. While some assert that these
facilities have been "over engineered” from the
beginning, many mines in Canada originally
operated when there was little or no awareness
that climate change was a relevant consideration
and when environmental regulations provided
little oversight on measures to mitigate risks to
the environment. The result is a legacy of
orphaned and abandoned mines where climate
change may be creating hazards that had not
been previously considered during the planning
and operational phases of mines.

The objective of this work was to conduct a
Climate Change Risk Assessment (CCRA) for the
Kam Kotia abandoned mine site, near Timmins,
Ontario to:

¢ |dentify and assess the potential impacts
of severe weather and climate change on
the Kam Kotia Mine site;

¢ Help inform future remediation work on
the site; and,

¢ Specify and pilot a risk assessment
framework for use in the screening-level
assessment of climate risks related to
abandoned mine sites.

Site Description

The Kam Kotia Mine site is a former copper and
zinc mine located near Timmins, Ontario (Figure
1). The site was previously mined from 1943-44
and 1961-72. It was abandoned after closing in
1972 and subsequently ownership of the site
was transferred to Ontario government.

The site has been the focus of significant
remediation work after a remediation plan was
completed in 2000. Additional remediation is
ongoing at the site.
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Figure 1: Location of the Kam Kotia Mine Site in Northern Ontario. (Photo Credit: Google Maps, 2020).

Site components

The CCRA included the following key site components:

North unimpounded tailings (NUT)
North impounded tailings (NIT)
South uninpounded tailings (SUT)
Acid water collection pond (AWCP)
Water treatment plant (WTP)
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Approach and Methodology

Overall Process

The overall CCRA process for the Kam Kotia
mine site was broadly developed based on
guidance by the Mining Association of Canada
for the assessment of climate change risks
related to mining sites and operations as
summarized in Figure 3.

Three workshops were held with representatives
from ENDM and CRI.

Step 1: Risk Assessment
Scope
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Figure 3: Overview of Risk Assessment Process. (Adapted
from Mining Association of Canada).

Step 1: Risk Assessment Scope

The scope of the CCRA was defined by
identifying the specific features of the site,
operations, communities, and surrounding

environment the assessment should address,
and included:

e Objective(s) of the CCRA;

e Geographical and temporal boundaries
of the CCRA;

e Relationship of the CCRA with Kam Kotia
risk management efforts more generally;

e Specific features and components for
inclusion, exclusion;

e Human, information, and financial
resources required;

e Time constraints; and,

¢ Involvement of ENDM and other
stakeholders.

Step 2: Assembly of Data,
Information and Assessment
Team

The data and information resources listed in the
bullet points below are recommended for CCRAs
of orphaned and abandoned mine sites.

e Climate - historical normals and
trends, projected ensemble data,
climate-related impact events.

e Environmental - including soils,
topography, groundwater, surface water,
vegetation, fauna, stream flows, lake
levels, erosion.

e Asset/infrastructure - including types,
locations, designs, physical components,
ages, physical conditions, operations
and maintenance practices.

¢ Regulatory and financial - including
water discharge requirements, insurance
requirements.

CCRAs also require people who have knowledge
of:
e Local historical and current climate;



CLIMATE
R/SK
INSTITUTE

e Local environmental conditions more
broadly;

e The design and/or operation of the
different components of the mine site,
including key remediation processes;

e Future climate projections and climate
hazards;

e The site-specific risk register; and,

e Risk assessment processes.

Determining the data needs, available data and
information, and human resource requirements
of the Kam Kotia CCRA was an iterative process.

The Kam Kotia CCRA included:

e A description of historical site-specific
climate conditions, characterized over a
30-year period from 1981 to 2010);

e A characterization of future climate
trends, based on ensemble (meaning
numerous climate models) projections
of changes in mean conditions and
extreme events in the future, including
assessments of the uncertainties
inherent in these projections; and,

e Statistics related to weather conditions
at the time and leading up to any known
and past climate-related impact events
at the Kam Kotia site.

Step 3: Vulnerability
Identification

Vulnerability identification is an iterative process
that identifies and describes the potential
interactions between climate conditions and/or
weather phenomena and specific infrastructure
components, operations, communities, and/or
the surrounding environment. A climate change
vulnerability is present when a climate condition
or event interacts with a physical component, or
the operations of a mine site, in a way that could
increase risk (Figure 4), especially in light of the
changing climate.

Kam Kotia Mine Site Climate Change Risk Assessment

Potential Vulnerability

\ Mine
| Infrastructure
| Component and
' Operations

Climate Event

Climate-related vulnerabilities are always a
consideration when designing and managing
remediated mine sites, however these
vulnerabilities can become more pronounced or
alter as the result of a changing climate.

A vulnerability scenario is a tool used to identify
and characterize the basis of climate change
risks. Each scenario conveys a sequence of
events, beginning with a climate hazard that
depicts how a climate or weather phenomena
may impact site components, and how
vulnerabilities, likelihoods and consequences
interact to estimate risk.

An example of a vulnerability scenario is: “rapid
snowmelt at the Kam Kotia site leads to over
topping of the NUT impoundment dam,
resulting in the flow of tailings and
contaminated water to the surrounding
environment”. This example scenario includes
both direct impacts (damage of the
impoundment dam) and indirect impacts
(environmental). The scenario is supported by
climate data and indicators to represent the
scenario. For example, indicators for rain -on-
snow can include the number of days per year
where temperatures are greater than 0°C in
winter and total winter precipitation.
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Step 4: Risk Ranking System

To move from the identification of vulnerabilities
to the assessment and ranking of risks,
likelihood and consequence criteria must be
developed and agreed upon by the assessment
team, and other key stakeholders, for each
vulnerability scenario.

The following methodology, as described in
Table 1 and Table 2 was adapted to the Kam
Kotia site based on a report from the National
Orphaned/Abandoned Mines Initiative (2016)
titled: Orphaned/Abandoned Mines: Risk
Identification, Cost Estimation and Long-term
Management. Criteria established within NOAMI'
(2016) were reviewed, presented to ENDM for
discussion, and finalized to identify likelihood
and consequence scoring.

Likelihoods were established based on climate
conditions within a given time horizon and were
assigned a numerical value from 1 (rare) through
5 (almost certain). Each climate event of concern
for the Kam Kotia site was paired with available
climate parameters, described historically and
for the 2050s and 2080s. Likelihoods were
assigned by members of the climate information
team (CRI) and validated by ENDM.

It is important to note that the project team
made the simplified assumption that occurrence
of a given climate event (e.g., extreme
precipitation) necessarily results in all other
portions of the vulnerability scenario also
occurring. This assumption enabled a
precautionary approach and was made based
upon the project scope and available data for
Kam Kotia. However, it may introduce high
degree of conservatism (overestimating risks)
that could be reduced to more reasonable levels

1 NOAMI, 2016 http://www.abandoned-mines.org/wp/wp-
content/uploads/2017/02/Risk Cost Management A.pdf
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if a more comprehensive assessment were
feasible.

Table 1: Estimating Current and Future Likelihood of
Climate Event

Score Definition

Likely — Expected to occur several times during

4
the next decade.

3 Possible — Expected to occur once during the
next decade.

> Unlikely — Not expected to occur during the

next decade.

Rare — Extremely unlikely to occur during the
next 100 years or longer.

The consequences of a given scenario were then
established and used to inform risk scoring.
Consequences were defined across four
categories (Table 2).

Consequences were assigned using a consensus-
driven approach with ENDM and CRI staff in
attendance at workshop 3 and subsequently
circulated among all project stakeholders for
validation.

For example, based on the example vulnerability
scenario provided above, the consequences of a
rapid snowmelt could include overtopping of the
NUT impoundment dam, thereby requiring
costly repairs (financial), damage to physical
property (physical damage), and cascading
impacts to the surrounding site environment
(environmental). For this example, it is not
expected to result in any loss of life or injury
(public health).
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Table 2: A Framework for defining Categories of Consequence and their Severity

Category

Financial /
Socio-Economic

Little or no impact
on site budget,
minimal
interruption of
socio-economic
activity

interruption of
socio-economic
activity

on-site loss of socio-
economic activity

Low Moderate High
2 3 4
Able to Able to Able to
accommodate accommodate within jaccommodate
within site budget, [broader Ministry within broader
temporary funds. Short term,  [Ministry funds

but only with
cuts or reserve
funds. Short
term, on-site and
off-site loss of
Socio-economic
activity

Unable to
accommodate
within reserve
funds. Permanent
loss in socio-
economic activity.

of life.

Physical Minor, isolated, Moderate, or Significant, localized [Significant loss of(Widespread severe
Damage to and/or cosmetic  [limited loss of loss of property or  |property ona  [damage or loss of
Property damage to physical property |moderate damage or |wide scale. key assets, leading
property loss on a wider scale. to cascading
impacts.
Public Health Minor incident Medical aid Permanent disability. [Fatality; Multiple fatalities;
(cuts and scrapes). [required. Isolated lengthy lost [permanent permanent
Little or no impact |Disruption to time injury. disability for disability for
on injured person’'s [injured party's daily[Significant disruption [several numerous
ability to carry on [activities/quality of [to injured party's individuals. individuals.
regular activities. [life. daily activities/quality [Significant Catastrophic

disruption to
multiple injured
parties' daily
activities/quality
of life.

impact on quality
of life.

Environment

Impact not likely
measurable within
ecosystem.

Negligible impact
on local
environment.
Exceeds natural
variability.

Localized or
reversible
environmental
damage.

\Widespread or
irreversible
environmental
damage.

\Widespread and
irreversible
environmental
damage.
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Step 5. Risk Assessment

This step provided the summation of the
information collected and assessed to develop a
comparative analysis of each identified risk.
Table 5 is a summary of the risk scores
developed from the likelihood and
consequences established in the previous step
(Table 1 and 2).

The following classes were established to
categorize risk:

e Class | risks are those that fall well below
the risk acceptance-intervention
threshold and require no further
intervention at the time of analysis.

e Class Il risks are those that lie close to or
on the risk acceptance-intervention
threshold and require active monitoring
and/or further evaluation.

Table 3: Climate Risk Matrix

Kam Kotia Mine Site Climate Change Risk Assessment

e Class Ill risks are those that exceed the
risk acceptance-intervention threshold
and require active intervention.

e Class IV are risks that significantly
exceed the risk acceptance threshold
and require urgent intervention.

Note that intervention as it is defined for Class Il
and Class IV does not always indicate the need
for immediate remedial measures, however,
does require additional investigation and
consideration. The definitions of likelihood,
consequences and classes were circulated to
ENDM for review and confirmation. No
additional comments were received, and this
procedure was therefore considered acceptable
and consistent with internal ENDM risk
processes.

Consequence

Likelihood

Very Low Low Moderate
Class |l Class Il
Likely Class Il Class IlI Class IlI
Possible Class | Class Il Class Il
Unlikely Class | Class | Class Il Class Il
Rare Class | Class | Class Il Class Il Class Il
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Characterizing Historical and Future Climate

Conditions

The use of robust climate information, including
both historical trends and future projections, is
foundational in support of risk assessments.
Climate data analysis can identify the most
relevant hazards that a given geography is
exposed to now and in the future, as well as the
likelihood of those hazards occurring? (NOAMI,
2016). To identify a suite of climate parameters
tailored to the Kam Kotia site, the project team
undertook literature review to identify 1) the
state of knowledge relating to mining and
climate change, 2) potential known thresholds of
impact, and 3) climate or extreme weather
impacts that occurred historically. A longer list of
climate parameters was ultimately refined to
characterize climate conditions of most concern
for Kam Kotia. This refinement was completed
based on climate model data availability and the
extent to which certain parameters are less
certain. A total of 19 climate parameters were
selected for further analysis, which are contained
within the broad categories below:

e Air temperatures;

e Total precipitation;

e Extreme precipitation;

e Dry conditions and/or drought;
e Freeze-thaw conditions; and

e Winds.

This section provides a description of the
methodological approach used to obtain,
analyze, and interpret climate data, and a brief
historical and future climate characterization for
the Kam Kotia site.

2 NOAMI, 2016 http://www.abandoned-mines.org/wp/wp-
content/uploads/2017/02/Risk Cost Management A.pdf

Approach used in Developing
Climate Information

Climate information was obtained and
developed via the Climate Change Hazards
Information Portal (CCHIP)3. CCHIP is an
interactive source of information that provides
customized historical and future climate data
outputs based on geographical area, sector,
theme, and timeframe of interest. For the
purposes of this Kam Kotia climate change risk
assessment, the closest station with a sufficient
period of record was identified to be the
Timmins Victor Power Airport (Station Id
#6078285), which had historical daily
observations from 1955 to 2010 for most climate
parameters. This monitoring station is located
approximately 20 kilometers from the mine site
and is considered to be representative of the site
(e.g., due to no major topographic features,
coastlines, or great lakes in the vicinity). Figure 5
provides an illustration of the overall approach
to obtain, develop, and interpret climate
information as part of this project.

Once climate data analysis and characterization
were complete, climate parameters were paired
with individual risk and used to estimate a
likelihood rating for historical conditions (1981-
2010), mid-century (2041-2070), and end of
century (2071-2100). By taking this approach,
future climate projections were used to assess
how current risks may shift over the coming
decades to enable forward-thinking adaptation
opportunities.

3 https://go.cchip.ca/
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Figure 4: Approach used to obtain, develop and assess likelihoods as part of the Kam Kotia risk assessment

Likelihood Ratings Assigned
based on Climate Information

Once climate information was analyzed, it was
used to inform likelihoods of a given scenario
occurring. It is important to add that while this is
a precautionary approach, it introduces a very
high degree of conservatism that could be
reduced to more reasonable levels if a more
comprehensive assessment were feasible. In
other words, it is anticipated that some of the
climate risks determined may be overstated as a
result. In future assessments, if detailed
thresholds of failure and engineering data are
available, one could assess the likelihood of both
the climate event and the entire risk scenario
occurring to inform risk ratings.

Each likelihood rating is based on climate
conditions within a given time horizon and is
assigned a numerical value from 1 (rare) through
5 (almost certain). Table 6 provides a summary
of the climate parameters used in assigning
likelihood ratings. Each parameter is paired with

a given climate event of concern for the Kam
Kotia site, along with historical and future
climate information. This table can be
interpreted from left to right, where likelihood
ratings are assigned based on the degree of
change projected in particular climate
parameters and based on best judgment. For
example, it is historically unlikely (“not expected
to occur over a decade”) that drought will persist
and pose risks onsite based on a small average
water deficit across Summer and Fall seasons.
However, by mid-century, average water deficit
is projected to increase by 90% across these
seasons, and a result the likelihood is raised to
possible in this time period (“expected to occur
once over a decade”). By the end of the century
(2080s), average water deficit is projected to
increase by 182% relative to historical
conditions, indicating is likely that drought could
occur several times over the course of a decade
in the Summer and Fall seasons.

These likelihood ratings were used to inform risk
scoring.
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Table 4: Summary of likelihood ratings and climate parameters used in the Kam Kotia risk assessment. Projected
changes (by 2050s and 2080s) represent the ensemble average condition.

Climate Climate Observations & Projections Likelihood Ratings
) Parameter(s) el Change Change Historical 2050s 2080s
Condition Condition | by 2050s | by 2080s
Dry Average water
Conditions / deficit in Summer 6.3 mm 90% 182% Unlikely Possible Likely
Drought - Fall (mm)
Days Min Temp 195days | 208% 469%
. >0C in Winter . .
Rain-on-snow Total Precipitation Possible Likely
O, O,
Winter (mm) 157.2 mm 16% 26%
Maximum 1-Day
Precipitation 37.1 mm 8% 18%
Extreme .
. Annually (mm) Likely
precipitation Days precipitation
> Z%m‘:n P 6.3 days 17% 25%
Maximum 1-Day
. Precipitation 37.1 mm 8% 18%
(EZ:(;EZned Annually (mm) Possible Possible Likely
Max Wind Gust
speed (km/hr) 158 km/h N/A N/A
Freeze-thaw Freeze-Thaw
cycles Cycles - Winter 10.2 days 100% 148% Likely Likely Likely
Season
Ehg?c:g / Average water
y 9y surplus in Winter 23.5 mm 209% 377% Unlikely Possible Possible
groundwater (mm)
conditions
Days with average
windspeed >= 52 2.3 days N/A N/A
Extreme km/hr Likel Likel Likel
Winds Max Wind Gust ’ ’ ’
speed (km/hr) 158 km/h N/A N/A

10
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Risk Assessment Results

Risks by Class

Figure 6 demonstrates the distribution of risk classes by the number of scenarios identified. This indicates
that the number of risks requiring intervention increases with time due to increasing likelihood of climate

events occurring.
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Figure 5: Distribution of climate risks by class

Class IV risks are those that significantly exceed
the risk acceptance threshold and require urgent
action, which includes undertaking additional
investigation to better quantify the risk and
possible mitigation actions. Six scenarios were
identified and categorized as Class IV, increasing
to 10 scenarios in 2050s and 12 scenarios in
2080s.

Many of the Class IV risks under current climate
conditions are broadly described as scenarios
where the interconnected components of the
Kam Kotia site are over capacity when the
volume of water exceeds the capacity of the
system. This may be the result of multiple
events, such as extreme precipitation, spring

freshet, rapid snowmelt, or rain-on-snow. This
can subsequently impact and damage critical
components like the NUT impoundment dam or
the water treatment plant.

For the NUT Impoundment area, the greatest
risks identified are triggered by a climate event
where water exceeds the capacity of the system
and there is a blockage of the spillway or failure
to discharge quickly enough. In these scenarios,
the dam could potentially be breached in one or
more locations (like in the March 2012 event). A
breach of the dam was identified as having a
higher consequence than overtopping due to
the costs and risks associated with more
extensive damage and repairs. A dam breach
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was also estimated to lead to greater
environmental consequences.

Additionally, ENDM staff indicated that water
quality in the NUT impoundment area is already
poor and not meeting water quality objectives.
Without a more detailed analysis, it is not
possible to determine if water quality will
improve over time as contaminants settle, and
how climate change may impact this process.
This demonstrates the uncertainty that is
inherent in the risk assessment process.

For the NIT Area, the greatest risks were
associated with the downstream infrastructure.
Under frozen or thawing ground conditions, the
NIT cover area has limited infiltration and can
therefore exceed capacity and spill to the NUT
impoundment area and/or Acid Water Collection
Pond (AWCP). The consequences are more
severe to downstream components onsite;
however, it is beneficial to consider these
components together when assessing risk in the
NIT.

The water treatment system relies on continuous
electrical power to pump water from the AWCP
to the treatment plant. In a storm event where
power is lost, the consequences are highest
when the system is already at or near capacity
due to increased precipitation, spring freshet or
snow melt.

Kam Kotia Mine Site Climate Change Risk Assessment

In the 2050s-time horizon, four scenarios
increase from a Class Ill to a Class IV scenario.
This includes the possible loss of wet cover on
the NUT impoundment area due to drought
conditions as the average water deficit in
summer and fall is expected to increase.
Scenarios where the NUT spillway is not blocked
or the dam overtops (instead of a more severe
breach) also have elevated risk scores as the
likelihood of extreme precipitation, rain on snow
and storms increases over time.

Class Il risks are those that exceed the risk
acceptance threshold and could potentially
require intervention, including investigation and
remedial action. Similar to the Class IV risks,
numerous scenarios were identified where the
system is over capacity due to an extreme
precipitation event or storm. In contrast with
Class IV risks, consequences are reduced if the
NUT impoundment dam can discharge
effectively from the spillway and does not result
in the breach of the impoundment dam.

Class I risks are those that are below the risk
threshold and do not require action or
investigation. Class Il risks are those that lie on
the risk acceptance threshold and may require
active monitoring.

Adaptation Opportunities

During workshop discussions and risk ranking,
scenarios were assessed based on a “"business as
usual” assumption, assuming the current
performance of the site is consistent in current
and future timelines and no additional remedial
measures are in place. Specific adaptation
measures that apply to individual site
components were not identified and considered
not relevant at this scale (e.g., adaptation
measures are not only influencing one site

component at a time, but rather the site as a
whole). Overarching adaptation strategies were
subsequently identified throughout the
engagement process.

Adaptation opportunities are generally
categorized as:

e Improving information and knowledge;
e Bolstering remedial actions; and,
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e Building management capacity.

The actions discussed are provided for
illustrative purposes only and do not represent
an exhaustive or recommended course of action
to mitigate specific risks. Instead, this report
concludes that further detailed analyses are
necessary to address potential emerging climate
risks.

Improving Information and
Knowledge

NOAMI* recommends using a ‘Risk Library' that
is frequently updated and provides a record of
remediation activities on site, the results of post-
remediation monitoring and maintenance, and
schedules for future monitoring and
maintenance requirements.

Following a dam breach in 2012, engineers
found that no as-built drawings were available
for the NUT impoundment dam completed in
2003. The dam appeared to deviate from design
specifications, with a crest elevation 30 — 40cm
lower than required and a larger volume of
tailings stored such that the water level could
exceed the elevation of the dam'’s clay core.
While the dam was raised in 2014, this example
demonstrates how the lack of as-built reports or
unknown site conditions can increase risk. Both
investigation and a strong record keeping
system are useful tools to better understand the
conditions on site and identify areas that require
further action.

The majority of the Class IV risks identified
pertain to flooding events that could overwhelm
the system. Presently, there are challenges with
identifying the flow path on site due to limited
information or recent changes to the site that
have changed hydraulic connections. There is
therefore an adaptation opportunity to improve

4 NOAMI, 2016 http://www.abandoned-mines.org/wp/wp-
content/uploads/2017/02/Risk_Cost Management A.pdf
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information and study the bathymetry of the
site. This can include the development of a site-
wide drainage pattern plan to identify risks and
opportunities to manage flow on site, and
individual landform and drainage designs for
critical components, like the NUT impoundment
area. These studies can compliment other
recommendations, like the completion of a
hydraulic analysis on the NUT spillway.

Understanding groundwater systems could
support in site-specific adaptation. There is
currently limited information related to the
groundwater systems and pathways on site, as
well as possible impacts of long-term
fluctuations on ground subsidence and the
performance of components that require
saturation. A study on the relationship between
contamination and groundwater flow on site
could significantly improve adaptive capacity
and risk reduction.

Likewise, the NUT moist cover is not currently
functioning as designed as it is frequently
flooded instead of maintaining a saturated state
posing unknowns and associated risks.
Undertaking a site-wide drainage plan would
support future work on how to improve the
function of the cover or potentially replace with
a new cover option that is more effective. In
many cases, identifying the risks and mitigating
earlier on can prevent more severe
consequences, like erosion of the vegetation and

rip rap.

Additional upgrades have been made to the
sludge management process, including the
construction of sludge settling ponds but
detailed information on these changes was not
available during the CCRA. Additional
investigation may be required to determine
climate change related risks. Work is also
ongoing at the open pit that may impact the
capacity of the NUT impoundment area. This


http://www.abandoned-mines.org/wp/wp-content/uploads/2017/02/Risk_Cost_Management_A.pdf
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work would benefit from additional investigation
and if a new design is proposed, consideration
for climate related risks.

Generally, there can be significant challenges
and risks associated with a lack of information
and the limited use of monitoring and
assessments to inform decisions. This is
particularly challenging where work has been
completed over several decades and with
different ownership and management. It is
recommended to improve data collection and
knowledge via ongoing monitoring and
reporting on site.

Bolstering Remedial Actions

In addition to the drainage plan identified
above, there is an opportunity to bolster
remedial action now and into the future. For
example, scheduling consistent inspection of
assets provides an opportunity to assess the
performance and proactively identify concerns
on site. This includes dam safety inspections as
recommended by the Canadian Dam
Association. Regular inspections can ensure that
site conditions do not deteriorate and provides
opportunities for early detection of issues,
reducing costs of further rehabilitation if failure
should occur (NAOMI, 2016).

Spillways were identified as a critical component
to prevent the most severe consequences
associated with the system exceeding capacity.
Future maintenance of spillways, including
ensuring that there are no blockages or damage
at critical times of year like before a rapid
snowmelt is a beneficial, proactive measure.

The water treatment plant is currently powered
by electrical lines from Hydro One and Class IV
risks were identified in the event of a power
failure shutting down the pumps leading to the
system running at or near capacity. Installing a
backup diesel generator can reduce this risk and
provides a clear, tangible adaptation opportunity
in the near future.
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A “closed loop” system for treatment is
frequently used on other mining sites, where
tailings are enclosed with perimeter ditches that
collect overflow and seepage in a polishing
pond for treatment. This does not currently
happen at the Kam Kotia site. As identified in
workshop engagement, a closed loop system
could be explored in further detail to determine
if any of the risks identified could be mitigated.

Finally, any plans to change or improve the
vegetation on site should consider the possibility
and implications of future climate change at the
site.

Building Management Capacity

Institutional memory and capacity among those
managing the Kam Kotia mine site is crucial to
identifying and mitigating the risks associated
with climate change. The extended nature and
timeline of the remediation process, over more
than 40 years, demonstrates the need to
maintain knowledge of site components and
operations. A centralized and “living document”
that includes a list of available documentation, a
summary of remediation activities on site, the
results of post-remediation monitoring and
maintenance, and schedules for future
monitoring and maintenance requirements
should be developed and maintained. This
would require personnel and funding to
continue documenting the current site
conditions, frequent reporting on how
remediated measures are performing and a
record of monitoring and maintenance, allowing
for more frequent interventions and the ability
to revisit risk assessments from an elevated
foundation of data availability. Having a
designated Engineer of Record (EoR) may also
be beneficial to ensure accountability.

Finally, there is an opportunity within ENDM, site
management and stakeholders to establish a
“final goal” for remediation with climate change
in mind. Setting remediation targets over time
with consideration for climate change will allow
ENDM and site management staff to identify
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gaps, plan for the future and ultimately be more
adaptive moving forward.
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Transferable Lessons Learned

Future risk assessment work completed for
orphaned and abandoned mine sites can benefit
from the following information to inform the risk
assessment process:

1. Design and As-Built Reports.
Wherever possible, design and as-built
reports should be used in conjunction to
understand why aspects of the design
were considered, if any relevant climate
conditions or thresholds are available,
and how the design may defer from
what is on site.

2. Final Closure Reports. Where
remediation has been completed,
reports and regulatory submittals
provide a strong basis to understand
what was constructed, the intended
performance and any deviation from
design. Reports completed after
construction that note how remedial
measures are performing also help to
identify risk scenarios.

3. Engineer of Record. Having an EOR
available for the workshops and review
of material is a valuable resource to
ensure institutional knowledge is
available and incorporated into the
analysis.

4. Operations and Maintenance
Reporting. Site experience that
provides details such as how the site has
responded to climate events, sources of
failure, and mitigation efforts help
identify risk that might not be otherwise
reported. Having operations staff
involved in the risk assessment process

> NOAMI, 2016 http://www.abandoned-mines.org/wp/wp-
content/uploads/2017/02/Risk_Cost Management A.pdf

is extremely valuable, particularly where
documentation is not available.

5. Incident Reports. For example, the
March 2012 dam breach provided
details on the development of a failure
scenario.

6. Ongoing Monitoring Reporting.
Where ongoing monitoring is or has
occurred on site, e.g. for water quality,
vegetation and system performance,
summary reports can identify early
warning signs that remedial work is not
functioning adequately or that climate is
influencing performance. Monitoring
and reporting should include
documenting weather conditions
alongside observations.

7. Codes and Standards. Codes and
standards can be used as a starting
point for understanding the
performance of the designs.

8. Site Visits. Not conducted for Kam
Kotia, site visits could provide more
opportunity to observe the site and
identify areas where issues may arise.

There are numerous risk management
frameworks that can be used to monitor and
prescribe management actions, including TARP
(Trigger, Action, Response Plans). NOAMI®
provides additional guidance on the long-term
management, including monitoring and
maintenance. The core elements for an effective
management framework include information
management, site monitoring and maintenance,
responding to unforeseen events, and
application and enforcement of legal or other
mechanisms to restrict future use.
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Concluding Remarks

There are numerous opportunities in
incorporating climate change considerations and
building upon this risk assessment for
abandoned/orphaned mining sites across
Ontario and Canada. Risk assessment and
adaptation processes are designed to be
iterative. Engineers and site managers should
revisit research and assessment results on a
regular basis to ensure they are updated as new
information and new climate science emerges.
There are also opportunities to dive "deeper” on
risk assessments, such as this process that has
been undertaken for Kam Kotia (e.g.,
undertaking modeling, engineering analysis to
determine thresholds of failure, further
customizing climate hazards of concern, etc.).

Likewise, it is important to recognize that
adapting to climate change takes time, resources
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and sometimes involves difficult decisions (e.g.,
trade-offs). A “silver bullet” approach to achieve
resilience is unrealistic, and thus as risk and
adaptation processes proceed, it helps to create
a team of trusted colleagues and to seek
external input where needed.

Finally, as climate change is increasingly
integrated into remediation plans and activities,
it is important to set yourself for success. This
includes 1) beginning with the end in mind:
identifying ideal outputs, what resources are
available, and what level of detail is required
before diving deep; and 2) enabling the
implementation of results: avoiding unclear
conclusions, considering what it will take to
implement and identifying lead and support
roles for implementation activities.
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