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Environmental Services P.0. Box 4300, 185 Cc

Request for Laboratory Services and Chain of Custody Form

No 11808.007-17

jon St., Lakefield, ON. KOL 2HO, Phone (705) 652-2038, Fax (705) 852-6441

Guideline: Regulation: initial:

e
'ﬁease 'spacify any gukleline or regulation that these samples may apply(l.e. ODWS, PWQO, Reg 558, GCSO, MISA, MMER, CBWA).

Name: Barb Bowman JLre Lims No.; -T an 10 }W
Company: SGS Lakefield Research Ltd Received by (Date & Time);
g::;; Address: Logged in by (Date): 0’ / 3‘ O/ ” SAA
to: Clty Lab Batch ID:
Province, Postal Code Project No.:_____11806-007
Telephone Number: 2148 Fax: JPiant No.:
Name: Rob Caldwell Quote No.:
Company: IPurchase Order No.:
Send |Address: TAT (Turnaround ﬁme) * Some exceptions apply, please contact lab
Invoice to: City Standard USH:]Specify Date:
Province, Postal Code Time:
Telephone Number: 2043 Fax: PLEA ONTA AB PRIOR TO SUB R PRO
Sampled by: Sample condition upon receipt.;
Chain of Packed and Shipped by: Date [Time: ’
Custody
Shipment Method and WB#: Date /Time:

Temperature upon receipt: { 8 °c )3

Total, Dissolved and Rare Earth Metals : as per LIMS 11346-NOV10
SO0 LEVER RAD(0A T LIPES

Analysis Requested (X) as Required

(Enter an "X" in the boxes to indicate which request(s) apply to each sample)
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p* Sample Identifier Q Date Time 8 2, =R g 21==21 9 +s | 28a e
Matrix 0 | sampled | Sampled 2= 8 2 8 £ ’_(E> % % 3| 85 18ag o
2 tomel &z |ElPPs | oW |£&EF &
1 Jan 18/11 XPS PP Comp 1Tls Decant Day 60 X
2 XPS Tap Water 14-JAN 1 X
3 Ortech Tap Water X X XX X X X
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* Matrix Godes: GW-ground water, SW-surface water, RES-Residential Water, EFF-Effluent, PROC-Process Water, SOIL-Soil, SED-Sediment, SWAB-Swabs, FIL.T-Filters
o
* Regulated Water Codes: GRW-ground raw water, SRW-surface raw water, TDW-Treated Drinking Water, DDW»W@ﬁwﬂF@ing Water
?f’“ ”‘f
Work Authorized by{(Client or representative signature must accompany requesi};);‘fv, il T Bate: Jan 20/11

Part No CofC-2(Email/Fax Copy!
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.01, Box 4308, 185 Concession St., Lakefield, ON. 0L 210, Phone {(765) 652-2038, Fax (705} 652-6441

Name: Barb Bowman LRLLIMS No.__ .
Company: SGS Lakefield Research Lid Received by (Daie & Time),__
I:{ési?li‘; Address: Logged in by (Date):
o |Gty Lab Batch ID:
Province, Postal Code Project No.:_____11806-007
Telephone Number: 2148 Fax: Plant No.:
Name: Rob Caldwell Quote No.:
Company. Purchase Order No.:
send [Address: TAT (Turnaround Time) * Some exceptions apply, please contact lab

Invoice to: [y Standard l?(”]QUSHW]Specify Date______ .
Province, Postal Code T T Time:
Telephone Number: 2043 Fax: PLEA ONTAC AB PRIOR TO SUE ING B P
Sampled by: Sample condition upon receipt:

C‘f’ham of Packed and Shipped by: Date fTime . !

Gustody
Shipment Method and WEi: Date [Time

Soaes Shaaly any Juidoling of reguiation (hat hese samples may apply(l.e ODWS, PWQO, Reg 558, CCSO, MISA, MMER, CEWA). i

Guideline:_________Regulation:_______ initial: Temperature upon receipt: L E~°C

Total, Dissolved and Rave Earth Metals

¢ as per LIMS 11346-NOV10

Analysis Requested (X) as Required
(Enter an "X" in the boxes to indicate which request(s) apply to each sample)
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* Matrix Codes: GW-ground water,

sW-surface water, RES-Residential Water, EFF-Effluent, PROC-Process Water, SOIL-Soil, SED-Sediment, SWAB-Swabs, FILT-Filters

* Regulated Water Codes: GRW-ground raw water, SRW-surface raw water, TDW-Treated Drinking Water, DDW-Distribution Drinking Water
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Lakefield Research Sample Control Sheet for Pulp Samples

LIMS Number: ‘%@\\, . 0998\

Date Prepared: NOUS/1LO

Department: EMNN (RLOM & T Date Required: ASA P

Project No.: WSRO0 6-00"T Sample Type: CCONCENTRATES
Test No.: Number of Samples: ry

Technician: E Ao arnAAD

Sample Ana_lytic lée&lirements
Description Weight |Pulv| \C_ P = LOR—OCT D Size

MASTER ComOR ><
XPS PP com4ilcanc <
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Prepared by: Date: Time:
Comments:
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Lakefield Research Sample Control Sheet for Pulp Samples

LIMS Number:
Date Prepared: AUV 22 /70

Department: E AV 1RO )*ln E 7= Date Required: A A ~

Project No.: [ | ECcB-0a 7 Sample Type: 7 (. S

Test No.: Number of Samples: {

Technician: B Aol

Sample U\/ Analytical Requirements
Description Weight [Pulv] \ : Size

=
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Prepared by: Date: Time:
Comments:
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Lakefield Research Sample Control Sheet for Pulp Samples

LIMS Number:
Date Prepared: e 1470 '
Department: sy /7 e Date Required: /\ S f‘
Project No.: J RO -0 7T Sample Type: TS
Test No.: Number of Samples: /
Technician: A Lo a2d '
o
Sample i ~ Analytical Requirements

Rej Description Weight | Pulv \é;?//y Size

Lbvps fP comp ATLS @l

2

3

YA,

TAS OETY |

6 "! ‘ kil e N, " oz “ ‘a -

TS GROROE OOV

8

o X C O

11

12 ]/\ﬁ;/!&\ - é){( T/E\ AN \i(ﬁ.'i(‘w‘

13 N \ I ANAY 7Y S 7 Iy N

14

15

16

17

18

19

20

21

22

23

24

25

26

Prepared by: Date: Time:
Comments:
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Lakefield Research Sample Control Sheet for Pulp Samples

LIMS Number:
Date Prepared: DEC (=7 /(&
Department: A A (R C'_; o ST Date Required: /5\ S {)
Project No.: LLEOb ~0n™7 Sample Type: Oy &
Test No.: ' Number of Samples: —
Technician: 5 (Sn LA A A
Sample (j) Analytical Requirements

Rej Description Weight | Pulv \C/ Size
LIX9S 0P ComP al &epd DS

? XES 0P Comf 3| ke AN S

4 Fa) ~ ) PV

T AS Pae

6 :
1A N ORI TODEC 1D
8 L v [ N LR = ¥ TN NS
9

10

11

12

13

14
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Prepared by: Date: Time:

Comments:
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Lakefield Research Sample Control Sheet for Pulp Samples

LIMS Number:
Date Prepared: MNo V3 O
Department: vy /Q/Ci ME Date Required: A §;<] .ﬂ
Project No.: B &~ O8] Sample Type: 7.5, conc , 08 &
Test No.: Number of Samples: /4
Technician: A Lavi 73 A
£
Sample u){’\ ({,J ZAnalytical Requirements
Rej Description Weight | Pulv|Y £\ Size
I ImAST¢R Cemp X
2 J6a< comp TG X
3 1628 comB T X
4 A Comb TOL.< X
S ImpasTE R Conc N
6 IMASTER TS Gk X
T JAVALON Beap<SAmPLE 4 X SIEUVES | REQUL R Q
81622 mozieN cauc camb X
91633 comp TS X ,
0]AVA Lom WeAD FAMPLE X 3/
He3e moziey conf con X |
121636 comp TS X s [ ]
Bladarony Renosahpre R X (’j‘fj = F A O mAan
141€27 mozcey cohc comf X _— H RO
151627 compe, Teg X o 3C
16 eficp X FFAS
17IxPS 0P comPafonnc 25 7= o d
18 7 120D
19
20
21
22
23 W e 2
24 AN DT R UE &
25 (A e s MO = T2 (V)]
26
Prepared by: Date: Time:
Comments:

LRS



Lakefield Research Sample Control Sheet for Pulp Samples

LIMS Number:
Date Prepared: Nod 3/ 0
Department: ENY [ RANE | Date Required: ASAP
Project No.: VB0 6 ~aaT] Sample Type: g _ComC A f&f‘:
Test No.: Number of Samples:
Technician: 2 Ao M\ ND
2/
Sample ‘\3 Analytical Requirements

Rej Description Pulv % Size

L ImASTER <omf 3 7~

2 €25 comp LS b

3 Ca¥ comf e 7(

4 IKRAacomd TS 7

5 IMASTER copx Blen) X

6 ImASTER Tis BLIN X

7_JAVALON HEAD SAMNMPLE | X

8 £33 moazrey cobic combP | X

O If=33 comp Teg Pas

10 JAvALON HEAD <RmPLel X

E2 6 MmozLey cqmic comP | X

121636 comb TLS i e

13 IAUALGN HEAD SAMPLE 3 X

141637 Mo Ley conc ¢ omd X

B1IE27¢comb TS Y

ig XPS PP compa e broc. X

18

19

20

21

22

23

24

25

26

Prepared by: Date: Time:
Comments:
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Lakefield Research Sample Control Sheet for Pulp Samples

LIMS Number:
Date Prepared: SOy S/ 0
Department: AU ’O N E T Date Required: A( 7[( p
Project No.: [/ 06 ~OQ Sample Type: zfj‘;é’ & <
Test No.: ’ Number of Samples:
Technician: /A )/édé« -y
Sample Analytical Requirements
Rej Description Weight | Pulv Size
VImASTER comA 3 1L A )
2 |JAuacons weaplsamede 3l 1Nl s | LKA A
3 |Auacon #end SAmsee 2 | 174
ANAVALAN Henp ShmPUC 2
S ImASTER capml 3 — 7
6 (/ A / \
7 ~ 1\ VI
8 / &/ W \
A ( e P £)
10 : AN/
1 Nl 74\ A N ’ /
12 [ ]/ \ JANE —
13 \ /L (- A\
14 1
E \
16 -
17
18
19
20
21
22
23
24
25
26 / 2
Prepared by: %%Mé__ Date: I\/o\/ 5/0 - Time: / 300 W
Comments: l
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Lakefield Research Sample Control Sheet for Pulp Samples

LIMS Number:

Date Prepared:
Department:
Project No.:

JoU =277

E AU (RO AET

[ (B0~

Test No.:

Technician:

L ALoemAA]

Date Required:

Sample Type:
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X
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éﬂalytical Requirements
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Prepared by:
Comments:

Date:

Time:
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Lakefield Research Sample Control Sheet for Pulp Samples

LIMS Number:
Date Prepared: DNEc /)0
Department: C At/ AD /ffqé’?m' Date Required: A <A /53
Project No.: -/ KOG ~OOQ77 Sample Type: TS
Test No.: ' Number of Samples: {
Technician: /f; A CLum 1A }
w2
Sample ) P&nalytical Requirements

Rej Description Weight | Pulv S @M Uéiﬁﬁ% Size

LIXPS P conPRTLS KA R oS
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7 R SUSIR . .
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oL AE 2 O
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Prepared by: Date: Time:
Comments:
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Lakefield Research Sample Control Sheet for Pulp Samples

LIMS Number:
Date Prepared: NEC (91O
Department: 2 AU S €TV Date Required: f/\g /3\ ()
Project No.: V LROG -0 “"‘"7 Sample Type: R
Test No.: Number of Samples: )
Technician: (Z::. OGO A
ké%?’b
Sample U;jﬁ j(/V Analytical Requirements

Rej Description Weight | Puly é\ Size

LIxPs P comp altéan X

§ P S PP caml RINEAD P

4 P I
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0] # A = 2.00 mih ISk A— Indoal ot

11 £t 20 Ve T !

2] 3S

3] e 65

4] 2\ e
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Prepared by: Date: Time:
Comments:
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Lakefield Research Sample Control Sheet for Pulp Samples

LIMS Number:
Date Prepared: Nec 7 /10

Department: éN U R /i,\@-xj/ Date Required: A:gﬁi'::\ (9

Project No.: VWO ~aQ0~7 Sample Type: &y &
Test No.: et SN e (NN Number of Samples: 2

Technician: A | A

Sample Analytical Requirements

Description Weight | Pulv Size
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Prepared by: Date: Time:
Comments:
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DEFINITIONS

Accident

Component Failure

Detection (D)

Failure Cause

Failure Effect

Failure Mode

Failure Scenario

Initializing Event/
Cause

Malfunction

Occurrence (O)

Risk Priority
Number (RPN)

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.

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 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.

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)

The consequence of a failure mode upon the operation, function or status of a system or
equipment. (Future)

The way in which a failure is observed, describes the way the failure occurs, and its impact
on equipment operation. (Present)

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.

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.

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 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.

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
=(3)"(0)* (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

G.. 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:

e 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
21 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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ASSUMPTIONS

The following assumptions were used during the risk analysis.

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.

Delays

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

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.

Mitigation Measures

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

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 likelithood 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.

o failure of existing dams/containment structutes, 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.

24 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

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
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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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 Modetate (causes some loss of opetational 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 (telatively 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:

o 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.

253 Risk Reporting

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

« Process Step;

o Potential Failure Mode;
o Potential Failure Effects;
o Severity;

o Potential Causes;

o Occurrences;

o Current Controls;

e Detection;

» Risk Priority Number;

o 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

IS ¥
c| % I - IO -
) g sl Sz2|[Ss|S8s| T2
_ . £ S 5| ve| 25 |25|25 |22
Potential (Operational) ° 3 e | x Responsible| 7 ¢ | 23 | 52| 55
Process Step | Potential Failure Mode Failure Effects 3 Potential Causes 8 Current Controls Slz Actions Recommended party(es) | $ 8 | €8 | £8 | & &
Barging Barge sinks Concentrate spills into Great High winds/ High waves Barge constrained from Barging operations restricted to |Barging
Slave Lake 2 2 [travelling when high winds 1 4 |fair weather. Contractor/ 2 1 1 2
predicted Avalon
Barging Damage to fuel tank Fuel spills into Great Slave Collision with tug, other barge, Design of fuel tanks to minimize Barging operations restricted to |Barging
Lake or dock potential for spill; barge fair weather; immediate Contractor/
constrained from travelling inspection for damage and Avalon
3 3 when high winds predicted. 2 | 18 .reporting of §pi|l; ) 3 2 1 6
implementation of spill
response procedures in
accordance with Spill
Contingency Plan
Storage of Damage to container on Concentrate spills onto land Truck rollover or collision Proper loading and unloading; Proper loading and unloading; [Trucking
Concentrate in  |land during transit or during 2 2 Jcomply with traffic 1 4 |comply with traffic Contractor/ 2 2 1 4
Containers storage management/ speed limits management/ speed limits Avalon
Storage of Container leaks Potential release of Container integrity flaw Maintain low moisture Regular inspection of Trucking
Concentrate in concentrate leachate from P 2 specification in concentrate (as 3|1 containers to confirm integrity  |Contractor/ 2 2 2 8
Containers container onto land per DAR); regular inspection of Avalon
containers
Storage of Container leaks Potential release of Freeze/thaw cycles cause Maintain low moisture Regular inspection of Trucking
Concentrate in concentrate leachate from P container to crack 2 specification in concentrate (as 3|1 containers to confirm integrity  |Contractor/ 2 2 2 8
Containers container onto land per DAR); regular inspection of Avalon
containers
Tailings Storage |Tailings dam failure Tailings are released into Design/ construction flaw Design/construct dam as per Regular inspection of dams and [Avalon
downstream waterbodies; Canadian Dam Safety instrumentation installed to
; X 5 3 - 1]15 5 3 1 15
temporary interruption to Guidelines detect movements,
tailings management deformation, etc.
Tailings Storage |Tailings dam failure Tailings are released into Permafrost thaw Excavate shallow permafrost to Regular inspection of dams and |Avalon
downstream waterbodies; 5 3 bedrock prior to dam 1115 instrumentation installed to 5 2 1 10
temporary interruption to construction detect movements,
tailings management deformation, etc.
Tailings Damage to pipeline or Tailings are released into Pipe integrity flaw Design/ construct pipeline in Regular inspection of pipeline [Avalon
Transport pipeline failure downstream waterbodies; 4 3 accordance with northern 5 | 60 to confirm integrity; use 2 3 2 24
(Pipeline) temporary interruption to mining practices customized pipes for northern
tailings management use
Tailings Damage to pipeline or Tailings are released into Pipeline design/ construction Design/ construct pipeline in Regular inspection of pipeline |Avalon
Transport pipeline failure downstream waterbodies; 4 flaw 1 accordance with northern 5 | 20 to confirm integrity; use 2 3 2 24
(Pipeline) temporary interruption to mining practices customized pipes for northern
tailings management use
Tailings Damage to pipeline or Tailings are released into Freezing of pipeline Design/ construct pipeline in Regular inspection of pipeline [Avalon
Transport pipeline failure downstream waterbodies; 4 5 accordance with northern 5 | 100 to confirm integrity; use 2 3 2 24
(Pipeline) temporary interruption to mining practices customized pipes for northern
tailings management use
Resource Interaction with improperly |Temporary, minor increase in Poor mixing practices Adequate characterization of Regular inspection of paste Avalon/ Paste
Extraction mixed or cured paste groundwater pH; delay in tailings; conformance with backfill prior to pumping to Backfill
Optimization and |backfill mining of pillars until safe to 2 3 |engineering standards for 2 | 12 Junderground; regularly inspect |Contractor 2 2 2 8
Tailings proceed producing backfill the hardened backfill to confirm
Management safety and integrity
Effects of Barge sinks Concentrate spills into Great High winds Barge constrained from Barging operations restricted to |Barging
Environment on Slave Lake 2 2 |travelling when high winds 1 4 |fair weather. Contractor/ 2 1 1 2
Project predicted Avalon
Effects of Tailings dam failure Tailings are released into Extreme precipitation Design to northern conditions Design to northern conditions  |Avalon
Environment on downstream waterbodies; and conform with applicable and conform with applicable
Project temporary interruption to standards, guidelines, and standards, guidelines, and
tailings management industry best management industry best management
5 2 ] 1] 10 - S - 5 2 1 10
practices practices. Regular inspection of
dams and instrumentation
installed to detect movements,
deformation, etc.
Effects of Tailings dam failure Tailings are released into Climate change causing Excavate shallow permafrost to Regular inspection of dams and [Avalon
Environment on downstream waterbodies; 5 permafrost thaw 3 bedrock prior to dam 1115 instrumentation installed to 5 2 1 10
Project temporary interruption to construction detect movements,
tailings management deformation, etc.
Effects of Tailings dam and pipeline |Tailings are released into Seismic event Design to northern conditions Regular inspection of dams and [Avalon
Environment on [failure downstream waterbodies; and conform with applicable instrumentation installed to
Project temporary interruption to 5 0 |standards, guidelines, and 1 0 |detect movements, 5 0 1 0

tailings management

industry best management
practices

deformation, etc.
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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)
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