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Fundamental Principles

Must prevent ARD formation

Short term costs cannot drive the design
No ongoing maintenance 5 yrs post closure
Must allow for progressive reclamation
Must consider climate change

Must withstand long term erosion

Must integrate with surrounding landforms






Brief History of Design Work

many design studies since 1990

conceptual & feasibility studies of options, lab and field experiments, thermal
modeling conceptual through detailed designs

Initial selection - filtered tailings disposal

approved on a trial basis for later confirmation or change based on testing

AMEC retained in January 2000

re-evaluate options, thermal modeling, detail design of cover, deposition plan,
field/lab experiments

design optimization process continues
r

base analytical & design work complete, ongoing ‘observational’ method adopted
for material, freezing point depression, global warming

full-scale field experiments for optimization

instrumented test pad since 2001 & final construction of the north-east corner
berm/ditch




Brief History of Design WorK (cont)

the 2000 studies of options included:
« conventional tailings disposal (30% slurry, dams)
 thickened (55-65%), paste (70-75%) and filtered (85%) tailings
e various tailings disposal sites, including Purtuniq pit (closed
asbestos operation)

e freezing or permanent water cover options

and:

accounted for the experience from the demonstration phase
(1997-200) and current tailings disposal practice

the review study concluded:

 the deposition of filtered tailings (85%) is a viable option

e the permanent freezing of the tailings stack is feasible

* the disposal-closure design concept results in the lowest risk
 this concept presents the best option given conditions at Raglan







Design Criteria

disposal: filtered tailings, water returned to process

no tailings/water retention dams, no return water, transport by truck, stack
shaped by dozer and compactor

surface water: seasonal collection & treatment

system of ditches/berms, collection pond and pumping facility

chemical stability at closure: no Oz diffusion

compaction and maintain tailings stack permanently frozen, tolerate a 1:100

year warm year event to prevent ARD

physical stability at closure: rockfill cover

mimic local landforms and ground cover, erosion resistance (frost & rain)




DeSign Criteria (cont)

reclamation: progressive & compatible with operation
including stack form and runoff management

construction method and equipment

simple construction techniques, equipment operability

maintenance free for the long term — only monitoring

after design performance is confirmed

closure designs subject to ongoing optimization

allow for adjustments (thermal regime, materials, construction technigques)




Configuration of Stack - closure

top of stack ('roof’) direction of advancing

tailings pile construction

<

slopes of stack

20% slope

roadway, berm
and toeditch
















Special Design Considerations

the operation-closure concept is unprecedented,;
an observational approach is highly advantageous

the use of construction materials must be optimized,;
crushed esker, rockfill, other materials, asbestos tailings

must be accounted for in designs;
must be flexible to account for the state of knowledge at
the time of mine closure

must be designed for;
FPD needs be investigated and appropriate input data
adjusted, as required




Global Warming

Nixon Geotech (Dr. Derrick Nixon) retained in 2000

studied both ‘local’ and ‘global’ picture

5 out of 7 stations at Ungava Peninsula indicated climate cooling (M. Allard)
global warming mean annual most probable estimate: +2.5°C (AES, 1990-
2alee)

global warming mean annual extreme estimate: +4.5°C (AES, 1990-2100)

reclamation cover design (2001)

e accounting for global warming (most probable est.) = 0.5 m additional rockfill

re-evaluation in 2002

e confirmed a more recent warming trend at Ungava Peninsula if 1993-2001 data
added to the long-term database (M. Allard)




Global Warming
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Global Warming
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Global Warmin
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Global Warming

Effect of Global Warming (Interim Design)
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cover design implications:
thickness of rockfill zone must be
increased from 1.2 mto 1.7 m




Closure Design - cover

Note: cover dimensions
shown do not include
adjustments that may be
required to account for
actual thermal regime,
global warming and FPD

top of stack and slopes

transition layer
crushed esker material
(min. 10% fines, min. 7% m.c.)

permanently frozen tailings

active zone

permafrost table

1in 100 yrs warm year




Toe of Stack - details

1.20 m thick
-600 mm rockfill
1.20 m thick
-19 mm crushed esker

10.0 m wide
working platform and roadway

0.50 m thick fine rockfill (road topping)
over 1.50 m thick -600 mm rockfill

1.00 m thick (minimum)
-19 mm crushed esker

_f

existing ground surface

see below for toe
ditch area details

t

existing ground surface

remove eroded tailings and lime foundations

existing or future

berm/road
new = 1.50 m deep ditch

with 1.5:1 side slopes

existing
ditch

[

remove eroded tailings and lime foundations remove eroded tailings and lime ditch area

(few liming repeats may be required)




Freezing Point Depression

Pore Water Concentration Before Freezing (g/L)
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- evaluations conducted by R. Nicholson (Stantec)
- modeling has been done assuming FPD at —0.5°C

- further analyses & testing will be on-going




Freezing Point Depression

Crushed Esker Rockfill Total Cover
Case Thickness Thickness Thickness
(m) (m) (m) |sotherm ( C)

nmmnmm
e
(54 ([ 0o [ 15 | 24 | 205 | 220 | 240 | 225 | 239 | 262
mmmmmm
-l-_ll-mlmm

the base result of thermal analyses:
1.2 m esker + 1.2 m rockfill (+0.5 m rockfill)

further ‘refinement’ analyses will be on-going




TEST PAD AND
INSTRUMENTATION

Thermal analyses models are subject to inherent uncertainties.

Confirmation by field monitoring is required.
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COVER CONFIGURATION AT TEST PAD
BASED ON EXTENSIVE THERMAL MODELING

Top of Cover = Top of Thermal Model

1.2 m Crushed Esker

Permanently Frozen Tailings




AVERAGE MONTHLY AIR TEMPERATURES
NOVEMBER 2001 — AUGUST 2003

It is reasonable to assume that the 2001 —2003 period was not far from typical (‘average)’ year

—o—awerage year (design)  —e— Katinniq weather station (meas.) = —a— thermistor 01-T3 (meas.) = —e— thermistor 01-T4 (meas.)
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TEMPERATUREG)

COVER DESIGN FIELD VERIFICATION

DESIGN (TOP OF COVER MODEL) VS. ACTUAL (TOP OF ROCKFILL COVER ZONE)
TEMPERATURE VARIATIONS OVER TIME

- — @ - - Model Boundary Temp. for 1:100 Warm Year (design)

—=e— Av. Monthly Tenp. at Thermistor 01-T3

- - & - - Model Boundary Tenp. for Average Year (design)

—a— Av. Monthly Terp. at Thermistor 01-T4

cover model temperature

1:100 year warm summer > avearge year

cover model temperature
average year = 1:100 warm year

— .

top of actual cover colder
than top of cover model




COVER DESIGN FIELD VERIFICATION (conm

01-T3
TEMPERATURE VARIATIONS IN ESKER-TAILINGS INTERFACE ZONE
NOVEMBER 2001- AUGUST 2003

frozen lowermost
crushed esker

uppermpst tailings
frozen and colder
than in Aug. 2002
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COVER DESIGN FIELD VERIFICATION (conm

01-T4
TEMPERATURE VARIATIONS IN ESKER-TALINGS INTERFACE ZONE
NOVEMBER 2001 - AUGUST 2003

frozen uppermost uppermost tailings/lowermost
—a&— Crushed Esker -2.30m —e— Crushed Esker -2.40m crushed esker crushed esker

" " frozen and slightly colder than
—o— Tailings -2.50m —6— Tailings -2.60m in Aug. 2002

rush ker / tailings interf — "
crushed esker /tailings interface | | crushed esker / ailings interface

uppermost tailings
temperatures >-0.5deg.C
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COVER DESIGN FIELD VERIFICATION (conm

01-T7 AND 01-T8
TEMPERATURE VARIATIONS
NOVEMBER 2001 - AUGUST 2003

01-T7 @ bottom of crushed esker
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COVER DESIGN FIELD VERIFICATION (conm

! crushed esker
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COVER DESIGN FIELD VERIFICATION (conm

[ crushed esker

:







Conclusions

> Active zone was contained within the cover (>0.2 m of
frozen esker in 2002-2002 and > 0.3 m in 2002 —2003).

> Freezing of deeper tailings zone has advanced.

» Based on the modelling, reaching steady-state thermal
regime will take some 50 years.

» Early winter test pad construction over freshly placed
tailings with frozen crust is feasible.

» For the current purposes, there seems to be no reason
indicating that an adjustment to the cover design would
be necessary.




Summary

Conclusions from studies:

disposal of filtered tailings is effective and compatible with site closure
concept and runoff management

permanent freezing of the tailings is feasible and a superior sustainable
closure option for the Raglan tailings site, with lower risk

there are no major limitations on the size/height of the stack
construction of the cover using local materials is feasible
progressive reclamation can be practiced

construction of the cover is simple and robust

cover design includes allowance for future adjustments
[FDP, global warming, cover materials, other parameters]

to-date monitoring data confirms the design assumptions



ailings Stack Plan (2003-2004

LEGEND (SHORT TERM DEP OSITION) NOTES:

& 7 z 1. GRID COORDINATES, ELEVATIONS AND ALL DIMENSIONS:
‘QUIER SHELL™: APPROX. 100,000 OF DRY FRESH SHOWN ON THIS CRAWNE ARE IN WETRES
TAILINGS (APPROX. 2.5 MONTHS PRODUCTION) TO BE

PLACED IN A 5.0m THICK COMPACKTED AND FROZEN QUTER 2. THE FOLLOWING SURVEY INFORMATION HAS BEEN USED
SHELL FROM NID SEPTEMBER TO END DF NOVEMEER 2003 FOR THE PREPARATION OF THIS DRAWING:

PRIOR TO RECLAMATION COVER PLACEMENT. ~LOCATION OF TAINGS IMPOUNDMENT AND OOLLECTION
POND PROVIDED BY POLYGONE ENR. (PROJECT RAGLAN
PARC A RESIDUS ET BASSN DE RETENTION, No. DE
ONTRAT 345, No. DE DESION 346-01, REVISION 2)
PecemBeR 15, 1997,

AS BUILT SURVEY AS OF FEBRUARY 1999 BY SMRQ.
AS BUILT SURVEY AS OF FEBRUARY 2000 BY S.MR.Q
AS BUILT SURVEY AS OF MARCH 16, 2000 BY SMRQ.
AS BULLT SURVEY AS OF (LY 12, 2002 BY SMR.Q.

e a 3. APPROXMATE LINIT OF TALINGS STACK IS SHOWN 10
APPROX. 130,000m" OF WET TAILINGS (APPROX. DECEMBER 2024,

3 MONTHS PRODUCTION) T BE PLACED FROM JULY TO

SEPTEMBER 2004,

4. EXISTING TAIUNGS SLOPE EXHIBITS SLOPE SECTONS
STEEPER THAN SH. 1V, RECRADING TO BE CARRIED OUT
ACCESS ROADS/DITCH/CULVERT CROSSINGS TO BE ONLY N AREAS WITH SLOPES STEEPER THAN 3t 1V,

CONSTRUCTED FROM JULY TO SERTEMBER 2003

5. TAIUNG SLOPE ABOVE THE TOP OF EXISTING SLOPE TO
8= crawmo a2 FoR = S ame

6. DESKIN DESCRPTIONS:
OF TAILING BTACK 2 LEAGN 1a

EPRESENTS AN UPGRADE OF FULLY
COMPLETED DIVERSION BERM/DIVERSION BITCH STRUCTURE
CONSTRUCTED IN FALL 2000
- REPRESENTS AN UPGRADED OF PARTIALLY

PLETED BERM,/ DIVERSION DITCH STRUCTURE

CONSTAUCTED IN FALL 2000.
- DESIGN 2A REPRESENTS APRIL 2002 DESIGN OF
TALNGS COVER AND DIVERSION DITCH.
- REPRESENTS ADAJSTED APRL 2002 DESIGN
INCLUDING EXSTING BERW AND DITCH (ABRIL 2001
DESICN) REALIGNMENTS BASED ON JULY 12, 2002 EXTENT
OF TALNGS STACK.

. A 0.45-0.5 m DUST PROTECTION LAYER COMPOSED OF
CRUSHED ESKER WAS PLACED ARCUND TEST PAD IN
ORDER T0 PREVENT DUSTING. THIS LAYER IS TO BE
REMOVED PRIOR TO FINAL COVER CONSTRUCTION, OR
ALTERNATVELY, A 1.2m OF CLEAN CRUSHED ESKER MAY
BE PROVIDED ON THE TOP OF THIS LAYER

&, DETALED DITCH DESICN TO BE PROVIDED FOR THE

PERFORMANCE OF THE BOVER/DITEH SYSTEM
LEGEND [GENERAL}

p 2001 SNGLE NODE THERMISTORS AND
. THETA PROBES BY BEAX /AMEC

o3 2001 THERMISTORS BY AMEC

MEC

EC

2000 BOREMOLES BY AMEC WITH
THERMISTORS (STRING No)
1889 BOREHOLES BY COLDER
ASSOCIATES LTD.

109D BORCHOLES WITH INSTALLED
THERMISTORS BY COLDER ASSOCIATES
LTD. {STRNG Mo}

1994 BOREHOLES BY ROCHE LMITEE

1984 BOREHOLES BY ROCHE LIMITEE
WTH THERMISTORS

THERWISTOR INSTALLED BY SWRQ

1991 GOREHOLES BY GOLGER
ASSOCIATES
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