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DEFINITIONS

Accident

An accident is an unplanned event which leads to system or component failure. An accident

could be a result of a specific initiating event or cause. Examples of accidents include

extreme weather, human error and traffic accidents. Prevention measures could be

implemented to decrease the likelihood of an accident and mitigating measures could be

implemented to reduce the effects of an accident.

Component Failure A component failure within the Thor Lake Project occurs when one or more parts or

components of a system can no longer perform its function as required.

Detection (D) Detection is sometimes termed effectiveness. It is a numerical subjective estimate of the

effectiveness of the controls to prevent or detect the cause or failure mode before the failure

reaches the customer. The assumption is that the cause has occurred.

Failure Cause The physical or chemical processes, design defects, quality defects, part misapplication or

other processes which are the basic reason for failure or which can initiate the physical

process by which deterioration proceeds to failure. (Past)

Failure Effect The consequence of a failure mode upon the operation, function or status of a system or

equipment. (Future)

Failure Mode The way in which a failure is observed, describes the way the failure occurs, and its impact

on equipment operation. (Present)

Failure Scenario A failure scenario is a specific sequence of events starting with an initiating event or cause

which leads to system or component failure and corresponding impacts from that failure.

Initializing Event/

Cause

An initializing event or cause is the root of all failure scenarios and is the cause of system or

component failure. An initiating event can lead to either an accident or malfunction and

includes natural events, technological causes, or human error.

Malfunction A malfunction is the failure of a system, component or sub-component (e.g., equipment) to

function in a manner for which it was intended. A malfunction can result from an initiating

event or cause as defined above.

Occurrence (O) Occurrence or sometimes termed likelihood, is a numerical subjective estimate of the

likelihood that the cause, if it occurs, will produce the failure mode and its particular effect.

Risk Priority

Number (RPN)

Provides an alternate evaluation approach to Criticality Analysis. The risk priority number

provides a qualitative numerical estimate of design risk. RPN is defined as the product of

three independently assessed factors: Severity(S), Occurrence (O) and Detection (D). RPN

= (S) * (O) * (D)
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DEFINITIONS

Severity (S) Severity is a numerical subjective estimate of how severe the Developer or public will

perceive the effect of a failure. Considers the worst possible consequence of a failure

classified by the degree of injury, property damage, system damage and loss that could

occur.

System Failure A system failure within the Giant Mine Remediation project is a major design or operating

system that can no longer perform its function as required. System failures have the largest

impact on the integrity of the project and are major remediation design elements. Each

system has the potential to fail through a variety of initiating events or causes.
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1.0 INTRODUCTION

The Thor Lake Project (TLP or the Project) is a proposed rare earth mine currently in the
exploration phase. The Developer’s Assessment Report (DAR) Thor Lake Project,
Northwest Territories (Avalon 2011) is currently under review by the Mackenzie Valley
Environmental Impact Review Board (MVEIRB). The DAR describes the life of the
Project, including potential environmental and socio-economic effects, mitigation measures,
and accidents and malfunctions. Section 9.0 of the DAR describes the potential accidents
and malfunctions that could occur during the life of the Project.

1.1 PURPOSE AND SCOPE

As requested by the MVEIRB, Avalon has completed a Failure Mode and Effects Analysis
(FMEA) or best practices risk assessment for the Project, based on the potential for events
listed in Section 9.0 (Accidents and Malfunctions) of the DAR.

The original Terms of Reference (MVEIRB 2011a) for this item was as follows:

3.5 Accidents and malfunctions

6…. Conduct a best‐practice risk assessment for the project, exploring the potential

for events listed in points 1 through 5. Discuss systems, components, hazards and
associated failure modes. The developer will assess likelihood and severity of

each risk identified from the points 1 ‐5 [in this section].

The deficiency identified by MVEIRB (2011b) is as follows:

 A best practice risk assessment is required in this section particularly for the events

listed in points 1‐5 in this section. This information has not been provided in the

DAR. Please provide a risk assessment for the project including likelihood and

severity of each potential accident and malfunction event described in points 1 ‐5.

2.0 RISK ASSESSMENT FRAMEWORK

2.1 RISK TIMELINE

For the purpose of this assessment, the risk timeline is defined as risks which occur during
the construction, operations, and reclamation phases of the Thor Lake Project, an
approximate period of 25 years. This timeline starts once the Project receives approval
from MVEIRB and ends when reclamation and monitoring ceases. The duration of this
timeline may vary depending on the total construction, operations and reclamation periods.

Risks are limited to what the assessment team can predict during that period of time. The
longer terms risks would require re-evaluation should unforeseen events occur or new
remediation technologies emerge.
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2.2 ASSUMPTIONS

The following assumptions were used during the risk analysis.

2.2.1 Permits

It is assumed that all required permits and authorizations will be attained, without delay,
prior to the start of the applicable Project phase, and that the conditions of these permits
will be complied with.

2.2.2 Delays

Delays in the Project and the risks to the Project as a result of delays have not been
assessed.

2.2.3 Worker Health and Safety

The health and safety of workers is not included in this assessment, as it is assumed that all
tasks will be performed by appropriately trained staff in accordance with applicable
regulations.

2.2.4 Mitigation Measures

Mitigation measures will be implemented fully, as described in the DAR.

2.3 POTENTIAL INITIATING EVENTS

MVEIRB (2011a) described several potential accident or malfunction scenarios that require
risk analysis. These events include:

1. Predict the effects to water quality from a complete overturning of all barges during
a typical Great Slave Lake transit of a barge-train fully-loaded with concentrate, at
various points along the barge corridor between Thor Lake and the delivery point on
the south shore of Great Slave Lake.

2. Describe and predict the potential impacts to the local water quality of Great Slave
Lake from concentrate spillage at both barge loading/unloading sites, both in the
short term and over the life of the mine.

3. Discuss what could leach from Avalon’s frozen-concentrate transport container if
left to thaw over a summer season or during a temporary shutdown of operations.
Also discuss the likelihood of that happening over the course of a transport season
and suggested mitigations to prevent any impacts.

4. Describe consequences of accidents, malfunctions, or “impacts of the environment
on the development” that may affect water quality and quantity and the ability of the
water management system to function. For both sites the following scenarios, at a
minimum, will be considered:

 extreme short-term precipitation events, snowpack buildup or other factors
leading to flooding events;
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 geologic instability or seismic activity causing slope failures at or near either
project site, including impacts on the site workings, or of the tailings management
facilities.

 failure of existing dams/containment structures, tailings management facilities at
both sites;

 freezing effects on pipelines or other water transportation systems;

 interaction of water with improperly mixed or cured paste backfill;

 how mine water will be managed if the water treatment system malfunctions, with
a focus on retention capacity timelines for water storage facilities and contingency
water treatment plans;

 potential impacts to water from accidents in transport of processing chemicals
and other dangerous goods;

 potential impacts to water from tailings spills or leaks; and

 potential impact to any valued components from any spill of any product.

5. Predict the effects to fish and fish habitat from the above situations and other
potential impacts to water quality from accidents or malfunctions.

2.4 APPLICABLE SYSTEMS AND COMPONENTS AT THOR LAKE PROJECT

The following systems have been identified as the major systems and associated
components/ subcomponents of the Thor Lake Project related to the specific potential
initiating events identified by MVEIRB (2011a, 2011b) that require consideration.

1. Transportation System
a. Barges
b. Container
c. Truck
d. Fuel

2. Water Management System
a. Water Storage
b. Pipeline
c. Tailings Management System

3. Tailings Management System
a. Pipeline
b. Dam
c. Spillways

4. Underground System
a. Backfill
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5. Freeze System
a. Frozen Concentrate
b. Intentional Thaw
c. Containers

2.5 RISK ASSESSMENT METHODS

The following sections describe the methods used to assess risk over the short and long
term that have the potential to lead to system or component failure and consequential
losses. These methods review the initiating events or causes identified by MVEIRB (2011a,
2011b) and identify the potential impacts of system or component failures. Failure scenarios
for each system are then assessed for their overall risk priority by calculating the severity,
occurrence, and detection of events based on their potential effects to the Project’s
operations.

To identify risk priority numbers, the Developer and its consultants used past experience
and engineering judgment to rate each potential problem according to three rating scales:
severity, occurrence and detection. Where appropriate, a description of possible mitigation
measures is included and a reassessment of the residual risk is completed.

A systematic analysis was conducted to identify conditions and/or factors that relate to an
initiating event and contribute to potential failures or negative effects. In this method, there
is one initiating event with connecting accidents or malfunctions that lead to system or
component failures.

The following steps outline the Failure Scenario Analysis process:

1. Define the event;

2. Identify the assumptions;

3. Understand the system and components;

4. Analyze the failure causes and effects;

5. Classify the failure effects by severity, occurrence and detection;

6. Identify failure scenario prevention and mitigation measures; and

7. Reanalyze the residual risks following implementation of mitigation measures.

As stated previously, the scope of the analysis was limited to the potential accident or
malfunction scenarios defined by MVEIRB in the Terms of Reference (MVEIRB 2011a).
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2.5.1 Risk Prediction

To predict the risk, the severity, occurrence and detection ratings were identified to
calculate an overall risk priority number.

Severity is determined based on specific criteria that are ranked from 1 to 10 (Table 1), with
the higher number representing the increasing seriousness or risk.

TABLE 1: SEVERITY SCALE

Rating Description

1 No Effects (on system or operation)

2 Very Low or Very Minor (system or component operable at reduced performance)

3 Low or Minor (gradual operational degradation, affects very little)

4/5/6 Moderate (causes some loss of operational function)

7/8 High (causes a loss of primary operational function)

9/10 Very High or Catastrophic (system or component is inoperative, the failure may result in
unsafe operation and possible injury)

Occurrence is calculated by identifying the cause of a failure mode and the number of time
it occurs (Table 2). This is identified by comparing similar systems and components and the
failure modes that have been documented for them.

TABLE 2: OCCURRENCE SCALE

Rating Description

1 No known occurrences on similar systems and components

2/3 Low (relatively few failures)

4/5/6 Moderate (occasional failures)

7/8 High (repeated failures)

9/10 Very High (failure is almost inevitable)

Detection is derived by identifying how likely it is that a failure is detected once it occurs
(Table 3); this determines the overall effectiveness of the system. Detection is based on
several factors:

 Identifying testing, analysis, monitoring and other techniques used on similar systems to
detect failures; and

 Understanding the current controls of the system that prevent failure modes from
occurring, or that detect failure.

Detection ranks the ability of planned tests and inspections to remove defects or detect
failure modes in time. The assigned detection number measures the risk that the failure will
escape detection. A high detection number indicates that the chances are high that the
failure will escape detection, or in other words, that the chances of detection are low.
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TABLE 3: DETECTION SCALE

Rating Description

1 Certain (fault will be detected during test/ monitoring)

2 Almost Certain

3 High

4/5/6 Moderate

7/8 Low

9/10 Fault will pass undetected

2.5.2 Risk Evaluation

Risk priority numbers (RPNs) are threshold values for the evaluation of actions and are
calculated using the following equation:

Risk Priority Number = Severity x Occurrence x Detection

RPNs are calculated for the set of systems and components identified within the scope of
this report. The failure modes that have the highest RPN are typically given the highest
priority for corrective action. Recommended actions and mitigation measures are identified
following the calculation of RPNs.

2.5.3 Risk Reporting

Results from the analysis are documented in the Failure Mode Effects Analysis table (Table
4) that includes the following information:

 Process Step;

 Potential Failure Mode;

 Potential Failure Effects;

 Severity;

 Potential Causes;

 Occurrences;

 Current Controls;

 Detection;

 Risk Priority Number;

 Actions Recommended;

 Responsible Party(ies); and

 Residual Severity, Occurrence, Detection and Risk Priority Number.

3.0 RISK ASSESSMENT

Table 4 identifies the risks based on the scenarios provided by MVEIRB (2011a).



Table 4:  Failure Mode and Effects Analysis

Prepared by:  
Avalon Rare 
Earth Metals Inc. 
and EBA, A 
Tetra Tech 
Company
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Barging Barge sinks Concentrate spills into Great 
Slave Lake 2

High winds/ High waves

2

Barge constrained from 
travelling when high winds 
predicted

1 4

Barging operations restricted to 
fair weather.

Barging 
Contractor/ 
Avalon

2 1 1 2

Barging Damage to fuel tank Fuel spills into Great Slave 
Lake

3

Collision with tug, other barge, 
or dock

3

Design of fuel tanks to minimize 
potential for spill; barge 
constrained from travelling 
when high winds predicted.

2 18

Barging operations restricted to 
fair weather; immediate 
inspection for damage and 
reporting of spill; 
implementation of spill 
response procedures in 
accordance with Spill 
Contingency Plan

Barging 
Contractor/ 
Avalon

3 2 1 6

Storage of 
Concentrate in 
Containers

Damage to container on 
land during transit or during 
storage

Concentrate spills onto land
2

Truck rollover or collision
2

Proper loading and unloading; 
comply with traffic 
management/ speed limits

1 4
Proper loading and unloading; 
comply with traffic 
management/ speed limits

Trucking 
Contractor/ 
Avalon

2 2 1 4

Storage of 
Concentrate in 
Containers

Container leaks Potential release of 
concentrate leachate from 
container onto land

2

Container integrity flaw

2

Maintain low moisture 
specification in concentrate (as 
per DAR); regular inspection of 
containers

3 12

Regular inspection of 
containers to confirm integrity

Trucking 
Contractor/ 
Avalon

2 2 2 8

Storage of 
Concentrate in 
Containers

Container leaks Potential release of 
concentrate leachate from 
container onto land

2

Freeze/thaw cycles cause 
container to crack

2

Maintain low moisture 
specification in concentrate (as 
per DAR); regular inspection of 
containers

3 12

Regular inspection of 
containers to confirm integrity

Trucking 
Contractor/ 
Avalon

2 2 2 8

Tailings Storage Tailings dam failure Tailings are released into 
downstream waterbodies;  
temporary interruption to 
tailings management 

5

Design/ construction flaw

3

Design/construct dam as per 
Canadian Dam Safety 
Guidelines

1 15

Regular inspection of dams and 
instrumentation installed to 
detect movements, 
deformation, etc.

Avalon

5 3 1 15

Tailings Storage Tailings dam failure Tailings are released into 
downstream waterbodies;  
temporary interruption to 
tailings management 

5

Permafrost thaw

3

Excavate shallow permafrost to 
bedrock prior to dam 
construction

1 15

Regular inspection of dams and 
instrumentation installed to 
detect movements, 
deformation, etc.

Avalon

5 2 1 10

Tailings 
Transport 
(Pipeline)

Damage to pipeline or 
pipeline failure

Tailings are released into 
downstream waterbodies; 
temporary interruption to 
tailings management 

4

Pipe integrity flaw

3

Design/ construct pipeline in 
accordance with northern 
mining practices

5 60

Regular inspection of pipeline 
to confirm integrity; use 
customized pipes for northern 
use

Avalon

4 3 2 24

Tailings 
Transport 
(Pipeline)

Damage to pipeline or 
pipeline failure

Tailings are released into 
downstream waterbodies; 
temporary interruption to 
tailings management 

4

Pipeline design/ construction 
flaw

1

Design/ construct pipeline in 
accordance with northern 
mining practices

5 20

Regular inspection of pipeline 
to confirm integrity; use 
customized pipes for northern 
use

Avalon

4 3 2 24

Tailings 
Transport 
(Pipeline)

Damage to pipeline or 
pipeline failure

Tailings are released into 
downstream waterbodies; 
temporary interruption to 
tailings management 

4

Freezing of pipeline

5

Design/ construct pipeline in 
accordance with northern 
mining practices

5 100

Regular inspection of pipeline 
to confirm integrity; use 
customized pipes for northern 
use

Avalon

4 3 2 24

Resource 
Extraction 
Optimization and 
Tailings 
Management

Interaction with improperly 
mixed or cured paste 
backfill

Temporary, minor increase in 
groundwater pH; delay in 
mining of pillars until safe to 
proceed

2

Poor mixing practices

3

Adequate characterization of 
tailings; conformance with 
engineering standards for 
producing backfill

2 12

Regular inspection of paste 
backfill prior to pumping to 
underground; regularly inspect 
the hardened backfill to confirm 
safety and integrity

Avalon/ Paste 
Backfill 
Contractor 2 2 2 8

Effects of 
Environment on 
Project

Barge sinks Concentrate spills into Great 
Slave Lake 2

High winds
2

Barge constrained from 
travelling when high winds 
predicted

1 4
Barging operations restricted to 
fair weather.

Barging 
Contractor/ 
Avalon

2 1 1 2

Effects of 
Environment on 
Project

Tailings dam failure Tailings are released into 
downstream waterbodies;  
temporary interruption to 
tailings management 

5

Extreme precipitation

2

Design to northern conditions 
and conform with applicable 
standards, guidelines, and 
industry best management 
practices

1 10

Design to northern conditions 
and conform with applicable 
standards, guidelines, and 
industry best management 
practices. Regular inspection of 
dams and instrumentation 
installed to detect movements, 
deformation, etc.

Avalon

5 2 1 10

Effects of 
Environment on 
Project

Tailings dam failure Tailings are released into 
downstream waterbodies;  
temporary interruption to 
tailings management 

5

Climate change causing 
permafrost thaw

3

Excavate shallow permafrost to 
bedrock prior to dam 
construction

1 15

Regular inspection of dams and 
instrumentation installed to 
detect movements, 
deformation, etc.

Avalon

5 2 1 10

Effects of 
Environment on 
Project

Tailings dam and pipeline 
failure

Tailings are released into 
downstream waterbodies;  
temporary interruption to 
tailings management 

5

Seismic event

0

Design to northern conditions 
and conform with applicable 
standards, guidelines, and 
industry best management 
practices

1 0

Regular inspection of dams and 
instrumentation installed to 
detect movements, 
deformation, etc.

Avalon

5 0 1 0
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4.0 RISK ASSESSMENT RESULTS

According to the analysis, the process step with the highest potential for failure following
implementation of mitigation measures is the tailings transport via the pipeline. The risks
associated with pipeline transport, although generally low, would cause the greatest effect of
these scenarios. As per the DAR, the effect of tailings released into downstream
waterbodies would cause a minimal environmental effect; however, the effects to mining
operations would be moderate should the pipeline failure cause delays in mine production.
The potential effects will be minimized through implementation of mitigation measures, as
discussed in the DAR.

5.0 CLOSURE

The Failure Mode and Effects Analysis was prepared by Avalon Rare Metals Inc. and EBA,
A Tetra Tech Company. Participants included:

David D. Swisher, B.Sc, Vice President, Operations (Avalon)

William Mercer, P.Geo, Ph.D., Vice-President, Exploration (Avalon)

Richard Hoos, M.Sc., R.P. Bio, Principal Consultant (EBA)

Tara Schmidt, B.Sc., MA, MCIP, Environmental Planner (EBA)



September 2011
9

REFERENCES

Avalon Rare Metals Inc. (Avalon). 2011. Developer’s Assessment Report: Thor Lake Project, NWT.

Mackenzie Valley Environmental Impact Review Board (MVEIRB). 2011a. Final Terms of References
for Environmental Assessment of Avalon Rare Earth Metals Incorporated's Thor Lake Rare
Earth Element Project EA1011-001.

Mackenzie Valley Environmental Impact Review Board (MVEIRB). 2011b. Review Board’s Deficiency
List for the Thor Lake Rare Earth Element Project Developer’s Assessment Report.


