FEASIBILITY STUDY
MINAGO NICKEL MINE – MANITOBA

EXECUTIVE SUMMARY
PROJECT OVERVIEW
The Feasibility Study Report discusses the scope, design features, and economic viability of the
Minago Project (the Project), owned by Victory Nickel Inc. (Victory Nickel). The Minago Property
(Property) is located in Manitoba’s Thompson Nickel Belt on Highway 6, approximately 225 km
south of Thompson, Manitoba, Canada (Figure 1).
This report is structured as a series of volumes: Volume I, Executive Summary; Volumes II and
III, the Minago Feasibility Study, Volume IV, Drawings; and Volumes V, VI and VII, Appendices.
As an overview of the entire Minago Feasibility Study, Volume I is an outline of Sections 1.0 to
Section 19.0. The intent is a Volume I, Executive Summary, which is a “stand-alone” document
that can be read without reference to the body of the Minago Feasibility Study.
The deposit has potential as a large tonnage, low-grade nickel sulphide deposit (25.2 Mt at
0.43% nickel (Ni), 0.20% cut-off grade) and contains 14.8 Mt of marketable frac sand. The
potential of the Property is supported by a recent metallurgical test program, where a very high
grade nickel concentrate of 22.3% was produced. The excellent recoveries for the ore from the
open pit mine are substantiated by historical and current metallurgical testing data.
Normally, the economic potential of a deposit would be adversely impacted by an overlay of
80 m of overburden, limestone, and sand, with a high open pit strip ratio. However, the 10 m
sand layer just above the ultramafic ore bearing rock contains marketable hydraulic fracturing
sand (frac sand) which will offset the cost of the stripping.
The financial analysis assumes that critical revenue streams will be developed from both the
nickel and frac sand resources. Table 1 shows the proposed production schedule by year, for
the waste, the nickel ore and the sand.
To conserve costs and create more favourable spoil areas, Wardrop chose a dredging option
over the mechanical removal of the overburden. By co-depositing the potentially acid
generating, metal leaching ultramafic rock and sealing these within the tailings, significant
infrastructure and legacy costs will be eliminated. Finally, by shortening the production life of the
frac sand plant to more nearly match that of the ore processing plant, general and
administrative and surface facility costs will be minimized.
The mine life is estimated to be seven full years and two partial years, with concentrate
production mirroring ore production. For six of the nine years the production is at full capacity,
for one year there will be a slightly reduced capacity and for two years there will be a reduced
capacity. The frac sand, which is to be mined and stockpiled at the start of mining, will be

1

0951330400-REP-R0001-02

FEASIBILITY STUDY
MINAGO NICKEL MINE – MANITOBA

processed throughout the life of the mine and beyond. The first partial year’s ore production
(2013) will be stockpiled pending commissioning of the ore processing plant in 2014.
The Project includes an open pit bulk tonnage mining method, a 3.6 Mt/a nickel ore processing
plant, and 1.5 Mt/a sand processing plant producing various sand products, including 20/40 and
40/70 frac sand, and other finer-sized sands. The Project will be built over a three year period at
a capital cost of $596.3 million. The nickel ore processing plant is scheduled to come online in
the spring of 2014, and the frac sand plant in the spring of 2013.
Based on a three year rolling average for nickel metal prices of US$11.19/lb, a frac sand FOB
price of CDN$63.02/t, and a currency exchange rate of $1.00:$1.097 (US$/CDN$), the Project
will have a pre-tax Internal Rate of Return (IRR) of 17.66% and a pre-tax Net Present Value
(NPV) of $294 million at an 8% discount rate, with recovery of capital in four years after the first
generation of nickel revenues.
Table 1

Production Schedule by Year and Product
2012

Dolomite (kt)

2013

2014

2015

2016

2017

2018

2019

2020

2021

Total

42,655

43,179

15,183

10,015

0

0

0

0

0

0

111,032

Granite (kt)

0

1,744

20,890

20,440

35,711

24,459

9,784

4,944

3,832

199

122,005

Ultramafic (kt)

0

861

7,941

5,524

5,667

5,732

4,382

3,026

2,297

229

35,659

Sand (kt)

0

5,289

2,092

7,466

0

0

0

0

0

0

14,847

Total Ore (kt)

0

112

3,000

3,600

3,600

3,600

3,600

3,600

3,600

453

25,166

% Ni(S), Grade Ore

0.000

0.374

0.419

0.429

0.430

0.413

0.436

0.431

0.447

0.468

0.430

Total Tonnage (kt)

42,655

51,186

49,105

47,045

44,979

33,792

17,766

11,570

9,728

881

308,706
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Figure 1

Property Location Map
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P R O J EC T S C O P E
As currently configured, the proposed Project will comprise an open pit mine, an ore
concentrating plant, a frac sand plant, and supporting infrastructure.
The supporting infrastructure will be comprised of:
•

a tailings and waste rock management facility (TWRMF) for the concurrent disposal of
tailings and ultramafic waste rock

•

rock dumps and overburden disposal repository

•

an explosives plant and explosives storage

•

water treatment facilities

•

de-watering systems with associated pipelines and pumping stations

•

roads and laydown areas

•

staff accommodations and facilities

•

open pit mining equipment, including trucks, shovels, loaders, and drills

•

truck repair and maintenance facilities

•

associated electrical and mechanical systems.

P L A N T L OC AT I O N

AN D

GEOGRAPHY

The Project site is favorably located close to existing infrastructure, including Manitoba
Provincial Highway 6, a 230 kV high voltage transmission line running directly beside Highway 6
on the east side of the road, the OmniTRAX Canada Railway Line, and the town of Grand
Rapids.
The mine site is situated within a topographically low area of water-saturated peat and forest
terrain. The area is almost entirely swampy muskeg with vegetation consisting of sparse black
spruce and tamarack set in a topographic relief of less than 3 m. Although this low area extends
for significant distances to the north and east, limestone outcrops exist to the south and west at
a distance of 7 to 20 km from the site.
The site is located within the Nelson River sub-basin, which drains northeast into the southern
end of the Hudson Bay. The basin has two more catchments in the Minago River and the
Hargrave River, which enclose the project site. There are two more tributaries, the William River
and the Oakley Creek present at the periphery of the project area. The catchments of these two
tributaries are within the Lake Winnipeg basin and drain northward into the Nelson River subbasin.
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S I T E A R R AN G E M E N T
The plant and infrastructure facilities shown in Figure 2 have been located as close to the open
pit mine as possible on the limestone bluff to the west of the site. The escarpment will be cut
back to a general level of 254 m to ensure clearance above the water table for the plant
facilities. The crusher is located on the limestone bluff at a position where the elevation grade is
most favourable. A more detailed sketch showing the plant and the camp facilities is provided
in Figure 3.
The TWRMF has been located on the east side of the property where the geotechnical profile
was interpreted to provide favourable foundation conditions. At this location, to the northeast of
the mine, the overburden thickness was found to be between 3 to 6 m below the ground surface
and comprised mainly competent clays. Typically, on the balance of the site within close
proximity of the open pit mine, the overburden clays extended to depths of 10 to 12 m below the
surface.
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Figure 2

Overall Site Plan
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Figure 3

Plant and Camp Facilities
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HISTORY
Geophysical Reservation 34 (GR 34), covering an area of 19.2 by 38.4 km, was granted to
Amax Potash Ltd. (Amax) on November 1, 1966 for a period of two years, extended to April 30,
1969 in 1968. In March of 1969, Amax converted the most favourable prospective area of GR
34 to 844 contiguous claims and in April of 1969 an additional 18 claims were staked.
In 1973, the claims covering ground deemed to have the most potential for economically viable
nickel mineralization were taken to lease status as Explored Area Lease 3 (North Block) and
Explored Area Lease 4 (South Block). A subsequent agreement, dated December 12, 1973,
granted Granges Exploration Aktiebolag (Granges) an option on the Explored Area Leases.
•

On May 18, 1989 Black Hawk Mining Inc. (Black Hawk) purchased the Amax interest in
the Explored Area Leases and on August 2, 1989 purchased the Granges interest and
Net Smelter Return (NSR) royalty in the Explored Area Leases.

•

On April 1, 1992 Explored Area Lease 3 and Explored Area Lease 4 were converted to
Mineral Lease 002 and Mineral Lease 003 respectively.

•

On March 18, 1994 a portion of Mineral Lease 002 was converted to mineral claims
KON 1, KON 2, and KON 3.

•

On March 18, 1994 portion of Mineral Lease 003 was converted to mineral claim KON 4.

•

On November 3, 1999 Nuinsco Resources Limited (Nuinsco) purchased the Black Hawk
interest, subject to a graduated NSR royalty based on nickel prices.

•

On February 1, 2007, Victory Nickel Inc. Was formed through an arrangement with
Nuinsco and was assigned the Minago Property along with several others.

•

In October 2008, Victory Nickel acquired Independent Nickel Inc. which owned a
Royalty on the Minago Property.

The Property is comprised of one contiguous group of claims and one mineral lease,
augmented by an isolated claim and a second adjacent mineral lease. The contiguous block
consists of one mineral lease and 40 unpatented mineral claims with a combined surface area
of 7,298.23 ha. The other block comprises one mineral lease and one unpatented mineral claim
that are contiguous with a combined surface area of 281.85 ha.
There are no instruments registered with the Mining Recorder at Manitoba Industry, Economic
Development and Mines on any of the mineral dispositions with respect to liens, judgments,
debentures, royalties, back-in rights, or other agreements.
There are no environmental liabilities attached to the Property.
The scope of the exploration work is summarized as follows:
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A M A X E X P L O R A T I O N W O R K – 1966 T O 1972
Amax conducted a regional scale exploration program on the southern extension of the
Thompson Nickel Belt.

G R A N G E S E X P L O R A T I O N W O R K – 1973 T O 1976
Granges focused their efforts on the Minago nickel deposit conducting resource estimates,
mining, metallurgical, and milling studies. The work concluded that the Minago nickel deposit
was sufficiently confirmed and that further delineation and exploration should be conducted from
underground workings.

B L A C K H A W K E X P L O R A T I O N W O R K – 1989 T O 1991
Black Hawk conducted a deep penetrating ground electromagnetic survey, resource estimates,
mining, metallurgical, and milling studies. A helicopter borne electromagnetic and magnetic
survey covering the Property was obtained from Falconbridge Limited and interpreted.

N U I N S C O W O R K – J U N E 2006
In June 2006 Nuinsco, requested an independent review of the geology, exploration history,
historical resource estimates, resource estimates, and the potential for discovery of additional
nickel mineralization. A report summarized the results of exploration conducted during the
period from 1966 to 1991 and the work conducted by Nuinsco from 2004 to October 31, 2006.
An independent report was deemed necessary for material disclosure of new diamond drill data,
mineral resource estimates, and technical studies.

REGIONAL GEOLOGY
The regional geology comprises the eastern edge of the Phanerozoic sediments of the Western
Canada Sedimentary Basin. The basin unconformably overlies Precambrian crystalline
basement rocks, including the Thompson Nickel Belt. The basin tapers from a maximum
thickness of about 6,000 m in Alberta to zero at the north and east, where it is bound by the
Canadian Shield. The Property is located near the northeast corner of the basin, where it
comprises approximately 53 m of Ordovician dolomitic limestone underlain by approximately
7.5 m of Ordovician sandstone.
The Precambrian basement rocks of the Thompson Nickel Belt form a northeast southwest
trending 10 to 35 km wide belt of variably reworked Archean age basement gneisses and Early
Proterozoic age cover rocks along the northwest margin of the Superior Province.
Lithotectonically, the Thompson Nickel Belt is part of the Churchill Superior boundary zone.
The Archean age rocks to the southeast of the Thompson Nickel Belt include low to medium
grade metamorphosed granite greenstone, and gneiss terranes and the high grade
metamorphosed Pikwitonei Granulite Belt. The Pikwitonei Granulite Belt is interpreted to
represent exposed portions of deeper level equivalents of the low to medium grade
metamorphosed granite greenstone and gneiss terranes. The Superior Province Archean age
rocks are cut by mafic to ultramafic dikes of the Molson swarm dated at 1883 mega annum
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(Ma). Dikes of the Molson swarm occur in the Thompson Nickel Belt, but not to the northwest in
the Kisseynew domain. The early Proterozoic rocks to the northwest of the Thompson Nickel
Belt comprise the Kisseynew domain that is interpreted to represent the metamorphosed
remnants of a back arc or inter arc basin.
The variably reworked Archean age basement gneisses constitute the dominant portion
(volumetrically) of the Thompson Nickel Belt. The Early Proterozoic rocks that occur along the
western margin of the Thompson Nickel Belt are a geologically distinguishable stratigraphic
sequence of rocks known as the Opswagan Group.

CLIMATIC CONDITIONS
The Project area is located at approximately 250 m above sea level (masl) in north-central
Manitoba, approximately 100 km north of Grand Rapids, which is on the western shores of Lake
Winnipeg. The region is characterized by warm, wet summers and cold, dry winters.
Temperatures range from 23.5°C in July to -24.4°C in January. Annual precipitation is
approximately 473.7 mm, of which 77% falls as rain. The majority of this rainfall occurs between
June and September, with a smaller amount falling in early spring and late fall. Little rain is
recorded for November to March when almost all precipitation falls as snow (Canadian Climate
Normals 1971-2000, Grand Rapids Hydro Climate Station).
At Grand Rapids Hydro station from 2003 to 2007 the average mean monthly temperature for
January was – 17.42°C and for July was 19.04°C. The average minimum temperature in
January was -24°C, and the average maximum in July was 24.6°C.
The Project is located in a region historically exhibiting low seismicity and extensive evaluation
extending beyond an examination of historic earthquakes is not considered necessary.

GEOLOGY

AND

MINERAL RESOURCES

Wardrop conducted a mineral resource estimate of the Precambrian nickel mineralization, and
the Paleozoic Sandstone immediately above. The estimation was completed for total nickel,
nickel in sulphide (Ni(S)) and frac sand using data from historic and recent drilling.
For total nickel, Wardrop estimates that the Minago deposit contains a Measured Resource of
11 Mt, grading 0.56% Ni, above a cut-off grade of 0.25% Ni. In addition, the deposit contains
43 Mt of Indicated Resource at 0.51% Ni above a 0.25% Ni cut-off grade. An Inferred Resource
of 15 Mt at 0.53% Ni above a 0.25% Ni cut-off has also been estimated.
In order to better define the recovery potential on the nickel, Wardrop also estimated the nickel
in sulphide resource within the total nickel resource, which being part of the total nickel resource
is not an additional resource. Wardrop estimates that the Minago deposit contains a Measured
Resource of 9.1 Mt, grading 0.47% Ni(S), above a cutoff grade of 0.2% Ni(S). In addition, the
deposit contains an estimated 35 Mt of Indicated Resource at 0.42% Ni(S) above a 0.2% Ni(S)
cut-off grade and an Inferred Resource of 12 Mt at 0.44% Ni(S) above a 0.2% Ni(S) cut-off.
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An Indicated Resource of 15 Mt of frac sand within the Winnipeg Formation Sandstone has also
been identified within the open pit shell. Of this, 13% of the frac sand will report to the 20/40
size fraction, while 71% will report to the 40/140 size fraction. The sandstone layer must be
removed to facilitate access to the mineralized zones within the proposed open pit mine. In the
design of the pit shell the extent of the frac sand recovery has been constrained to optimize the
recovery of nickel. However, during the development of the mine the full potential for removing
frac sand may be realized by extending mining beyond the limits set by modeling.
Prior to estimating the resource, Wardrop conducted an internal validation of the original drill
hole logs against the drill hole database. Data verification was completed on collar co-ordinates,
length of hole, down-the-hole survey measurements including azimuth and dip, from and to
footage measurements of geology and assay sampling intervals, lithological units and nickel
and nickel sulphide percentages as compiled from assay certificates merged into a database.
Wardrop elected to assign density based on a lithology model, where densities were determined
from the lithology of the nearest drill hole.
A wireframe model of the nickel resource was built based on a minimum grade of 0.2% Ni. All of
the mineralized serpentinite was included in the solid regardless of the grade. The internal
granite lenses could not be separated in the “serpentinite model” as there was not enough
continuity of the lithology between drill sections. The wireframe was separated into east and
west domains based on the shape of the deposit. Grades were assigned to the blocks in each
side, based on variography specific to that side of the deposit.
Interpolation of the Minago deposit nickel resource estimate was completed using ordinary
kriging (OK) with nearest neighbour (NN) and inverse distance squared (ID2) check models.
There was very little variation between the methods. The frac sand resource was estimated
separately using a nearest neighbour method.
The Minago resource estimate was based on Ni(S), the recoverable part of the nickel present in
the deposit. A total of 4,557 Ni(S) assays were available compared to 14,829 total Ni assays.
Wardrop examined in detail the relationship between the individual Ni(S) and total Ni assays,
and calculated the missing Ni(S) values. The population of calculated Ni(S) values was similar
to the population of measured Ni(S) values.
Significant parts of the deposit below a depth of 400 m will require additional drilling to upgrade
the resource class from Inferred to Indicated.

OPEN PIT MINING
The open pit design was optimised using the Lerchs-Grossman pit method, which was refined
to a detailed design with catch berms and haul roads. Subsequently, mine development and
production schedules were developed, equipment items were selected, and the capital and
operating costs were evaluated. Information pertaining to the 3D geological block model that
was used in the optimization is provided in Section 2.0.
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For this Study, Wardrop determined that the deposit was amenable to a conventional open pit
mining method. The mine would provide mill feed of sulphide ore at a rate of 10,000 t/d for a
total of 25.2 Mt of ore grading 0.43% over a period of approximately 8 years. Further drilling is
proposed to reclassify some of the inferred into the measured and indicated categories.
In addition, the open pit will provide sand feed to a frac sand process facility at a rate of about
4,100 t/d of sand for a total of 14.8 Mt of frac sand over a period of about 10 years. Although the
sand will be mined over a period of 3 years at the start of the mining period and stockpiled, the
throughput of the sand plant will be set to roughly match the same operational period as the ore
processing plant.
Previous work completed in December 2008 by Wardrop indicated that, at that time, the
economic recovery of underground resource was not feasible due to insufficient diamond drilling
density at depth. The current data indicates insufficient resources in the Measured and
Indicated categories which are the categories necessary to qualify a resource for a Feasibility
Study. For this reason, the pit optimization was based on an “open pit only” option without
considering the effect of breakeven open pit and underground costs.
The overall waste-to-ore ratio (tonne per tonne, t/t) to mine both the nickel sulphide ore and frac
sand is outlined in Table 2 below.
Table 2

Open Pit Design 14 Stripping Ratios
Case

SR (t/t)
(No Overburden)

SR (t/t)
(With Overburden)

Frac Sand Only

7.48

8.23

Nickel Ore Only

11.27

11.71

6.72

7.00

Nickel Ore and Frac Sand

The overall mining sequence was developed in three phases: one initial pit phase and two
pushback phases. Each phase corresponds to a designed open pit that is mined in sequence in
accordance with the ore grade and stripping ratio. The mine development for the ore and the
waste will progress using 12 m high benches.
After removal of trees and significant roots, mine development will commence with the removal
of the overburden muskeg and clay overlying the dolomite. For this initial stage of the mining
operation, the work would be done as part of capital expenditures using contractors to remove
the overburden. Given the logistical challenges, schedule constraints, and cost associated with
the mechanical removal of the overburden, a dredging method has been selected to remove the
muskeg and clay.
The dredging operation is scheduled to commence in the spring of 2011, to prepare for dolomite
removal to start at the beginning of 2012. The removal of the dolomite will take approximately 2
years; frac sand will be available for mining at the beginning of 2013, and nickel ore at the start
of 2014.
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The general arrangement mine complex is provided in Figure 2 and in Section 1.0. The general
layout for the ultimate mine is provided in Figure 4.
Figure 4

Ultimate Open Pit Mine

Stability analyses of the open pit walls were undertaken to evaluate the geotechnical domains.
These analyses were based upon geological information, field mapping programs, geotechnical
logging of rock cores from a diamond drilling program, site visits, and previous studies. The
development of these analyses with a brief summary of the results and conclusions presented
in the following paragraphs and more detailed information provided in Section 3.0.
An additional geotechnical berm with a width of 35 m will be required at the base of the
sandstone unit to catch sloughing material in dolomite above. The weaker sandstone material
would promote toppling-type failures of the dolomite along critical jointing.
The bench height of 12 m for the open pit is a function of the working range of production
operating equipment. The bench face angles were estimated from the available information on
the geological structure or were assigned estimated values
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The economic and operating parameters selected by Wardrop in the initial open pit optimization
are given in Table 3. Although not exactly the same as the final selected parameters, these
selected parameters are sufficiently close to provide a reliable optimization. The break-even
plant feed cut-off head grade for the open pit optimization is calculated at 0.2% Ni(S).
Table 3

Economic Parameters for Pit Optimization

Items

Units

Value

Exchange Rate

Cdn$:US$

1.122

Discount Rate

%

8.00

Nickel (7.40$US/lb)

Cdn$/lb

8.30

Payable (95%)

Cdn $/lb

7.89

Metal Price
(Market)
Frac Sand Price
Metal & Sand
Recovery
Concentrate
Transportation
Smelter &
Refinery
Charge

Operating Cost

Inter-Ramp Overall
Pit Slope
Angle

Gain from Cu, PGMs

Cdn $/lb

0.39

Cdn $/tonne, FOB

58.78

Milling (Nickel Sulphide)

%

Varies see Sec. 3.4.5

Processing (Frac Sand)

%

68.8

Sand product

Concentrate Transit Loss

%

0.3

Landing Freight

Cdn $/wet tonne

20.34

Landing Freight

Cdn $/lb FOB Mine

0.036

Smelter charge

Cdn$/lb FOB Mine

0.329

Refining Charge Nickel

Cdn$/lb FOB Mine

0.424

Refining Charge Cu, PGMs

Cdn$/lb FOB Mine

0.016

MgO and SiO Penalty

Cdn$/lb FOB Mine

0.073

Mining (Ore or Waste)

Cdn$/t mined

1.55

Stockpile Rehandle (Ore)

Cdn$/t mined

0.55

Milling (Ore)

Cdn$/t milled

10.03

Processing (Frac Sand)

Cdn$/t mined

8.51

G&A + time cost

Cdn$/t milled

1.18

Overburden

Degree

8.9

Limestone

Degree

50.2

Sandstone (with Regolith)

Degree

16.6

Country Rock

Degree

Sector A: 46.0
Sector B: 45.0
Sector C: 42.0
Sector D: 50.2

Host Rock (Minerals)

Degree

40.0

From the series of nested pit shells that were generated using these parameters, Pit Shell 14
was selected as having the highest present value. The mining reserve in Table 4 represents ore
contained in the ultimate detailed pit design and included as dilution.
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Table 4

Selected Pit Mining Reserves

Classification

Tonnes (millions)

Grade (%Ni(S))

Proven

Nickel (millions of pounds

6.6

0.487

70.5

Probable

18.6

0.410

167.5

Total Proven and Probable

25.2

0.430

238.0

The values shown in Table 5 represent concentrator feed in terms of Nickel (Ni(S)) values will
be subject to a 71.2% concentrator recovery at the 0.430% feed grade.
Table 5

Selected Pit Frac Sand Reserves

Classification

Tonnes (millions)

Grade

Proven

0.0

n/a

Probable

14.8

n/a

Total Proven and Probable

14.8

n/a

Wardrop designed three mineable phases, based on the Measured and Indicated mineral
resources and the selected open pit shell. Table 6 which is taken from Table 1 shows the
mined ore tonnage by grade and period with Table 7 showing the ultimate pit design results:
Table 6

Mined Ore Tonnage by Grade by Period
2013

2014

2015

2016

2017

2018

2019

2020

Ore Tonnes (kt)

112

3000

3600

3600

3600

3600

3600

3600

453

Grade (% Ni(S))

0.37

0.42

0.43

0.43

0.41

0.44

0.43

0.45

0.47

Table 7

2021

Ultimate Pit Design Results

Item
Pit Top Elevation

Size
Approx. 247 m

Pit Bottom Elevation

-112 m

Pit Depth

. 359 m

Volume of Pit
Area of Pit Top
Perimeter at the Top of the Pit

156.7 million m3
1.0 million m2
3.7 km

Length from East to West

1.2 km

Length from North to South

1.1 km
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Figure 5 summarizes the waste and ore mined by period, Figure 6 the ore tonnes by pit and by
period and Figure 7 which shows the mined ore tonnage by grade and by period in Table 6
graphically.
Figure 5

Summary of Waste and Ore Mined

Figure 6

Mined Ore Tonnage by Pit
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Figure 7

Mined Ore Tonnage & Grade by Period

The rock quantities are summarized as follows:
1. A total of 11.2 Mt of overburden comprising peat and clay will be placed in a repository
located southeast of the pit, over a one year period. This cell was considered the ideal
location for this low-strength material because it is above an area with thick, low-strength
clays.
2. Of the 111.0 Mt of dolomite/ limestone from the pit, a portion will be used for the
construction of mine infrastructure in various locations, with the remainder going to the
dolomite dump. This limestone would be used to building the TWRMF; the remaining
roads and the crusher and ore stockpile pad (18.7 Mt).
3. The granite is considered non-acid generating and will be dumped onto the county rock
dump. The ultramafic waste (35.7 Mt) which is potentially acid-generating will be codisposed with the tailings.
The mine water will be managed as follows:
1. The progressive development of the open pit will result in increased water infiltration from
precipitation and groundwater inflows. As the pit deepens and the footprint increases
dewatering systems such as drainage ditches, sumps, pipelines and pumps will be
implemented.
2. To minimize groundwater infiltration and surface run-off, a ring road with upstream clay
lining and drainage ditches will be implemented to divert water away from the pit.
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Although dewatering wells will be installed at the pit perimeter, a worst-case allowance of
20% of groundwater seepage has been assumed.
3. In the pit, dewatering sumps will be used to contain groundwater and storm water run-off
will be pumped directly to the polishing pond. The in-pit pumping requirements will vary
annually, increasing with the catchment area as successive pushbacks create the ultimate
pit.
4. Storm water from the tailings pond, in-pit dewatering and dewatering wells would be
channelled into the polishing pond. This water containment provision would ensure that
quality standards are met prior to discharge.

EQUIPMENT SELECTION
Wardr op performed an economic analysis to evaluate and determine the optimum size and
configuration of the truck and shovel fleet. Various sizes and brands of haul trucks, shovels,
loaders and electric drill were evaluated. Given the cheap supply of electric power, electric
cable shovels were compared with diesel or electric-powered hydraulic shovels and electric
drills were compared with diesel-powered drills.
Due to the relatively short mine life and the low capital cost of electric-hydraulic shovels a fleet
consisting of 22 m3 electric hydraulic shovels, 20 m3 loaders and 218-t trucks was determined to
be the most economic choice. Wardrop selected 270 mm (10 5/8˝) blast hole drills,
supplemented by auxiliary equipment such as tracked dozers, rubber-tired dozers, graders and
other minor support equipment.
The 218-t hauler was selected to match the 22 m3 electric hydraulic shovels and 20 m3 front end
loaders in determining the number of trucks required for each operating year. Haul truck cycle
times were based on predicted haulage profiles from pit sources by mining phase to
destinations based on material types. Truck productivities were based on expected operating
conditions, haulage profiles, production cycle times. Ramps were assigned a grade of 10% in
the pit and dumps assuming a maximum speed of 40 km/h, reduced to 30 km/h on the main pit
ramp.
To meet a production rate of 10 kt/d of ore, ten 218-t trucks, three 22 m3 bucket shovels, and
one 20 m3 loader will initially be required. This requirement will increase to 19 trucks in 2016
assuming 15 will be owned and four will be rented as shown in Table 8 below.
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Table 8

Truck, Shovel, Loader Requirements by Year

Equipment

2011 Contract
Mining

2012

2013

2014

2015

2016

2017

2018

2019

2020

2021

95.00%

92.04%

89.19%

86.44%

83.78%

81.23%

78.76%

76.39%

75.00%

75.00%

82.2%

79.3%

76.4%

73.7%

71.0%

68.5%

66.0%

63.6%

62.2%

62.2%

Trucks
Physical Availability
Utilization
Productivity

606

528

460

440

397

364

333

311

289

267

Number Required

10.0

15.0

17.0

17.0

19.0

16.0

10.0

7.0

7.0

1.0

92.00%

92.00%

89.00%

86.00%

83.00%

80.00%

77.00%

74.00%

74.00%

74.00%

71.6%

71.6%

68.7%

65.8%

62.9%

60.0%

57.1%

54.1%

54.1%

54.1%

2,758

2,758

2,758

2,758

2,758

2,758

2,758

2,758

2,758

2,758

2.5

3

3

3

3

3

2

1

1

1

90.00%

90.00%

90.00%

89.38%

88.66%

87.94%

87.22%

86.50%

85.78%

85.06%

85.0%

85.0%

84.5%

84.0%

83.5%

82.0%

81.5%

81.0%

80.5%

80.0%

1,495

1,495

1,486

1,478

1,469

1,442

1,434

1,425

1,416

1,407

0

1

1

1

1

1

1

1

1

1

Shovels
Physical Availability
Utilization
Productivity
Number Required
Loaders
Physical Availability
Utilization
Productivity
Number Required
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GEOTECHNICAL
The geotechnical engineering addresses the foundation conditions resulting from the soft clay
overburden comprising a weak clay horizon and the shortage of natural construction material in
the critical initial stages of the development of the mine. The layout of the major plant and
geotechnical services and facilities is strongly influenced by the geotechnical profile. A number
of engineering studies, analyses and optimizations were required to arrive at minimal CAPEX
and OPEX within the requirements of a sound technical design.
An extensive geotechnical field investigation and a laboratory program was completed to obtain
the necessary data for the feasibility study designs. The site has an initial cover of muskeg
which overlies a variable thickness of competent and then weak clay, which in turn is underlain
by dolomite bedrock. There is an exposure of limestone bedrock at the west site border, but the
site is generally perennially flooded. The piezometric heads in the bedrock generally reached
within the upper 1.5 m below the ground surface and in some areas, artesian conditions were
encountered. This suggests a confined aquifer which is independent of groundwater conditions
encountered within the overburden. Because of the high water level and the presence of
artesian effects, construction of the major structures will be most practically achieved after the
dewatering of the site.
In some areas, where the current boreholes are spaced far apart, additional geotechnical
investigation will be required for detailed engineering design. The current level of information is
adequate for feasibility level design interpretations. Further testing and analyses during detailed
design and construction stages are expected to result in more optimal geotechnical designs.
The geotechnical design development involved supplementary information inputs from hydrogeological and hydrological studies prepared by Golder Associates. Environmental input was
obtained from the geochemical report prepared by URS. Geotechnical design aspects in
relation to mine closure were developed in conjunction with the overall mine closure plan
prepared by Victory Nickel.
The engineering solutions for major earth/rock fill structures are controlled by the deformation
characteristics of the peat and clay. The presence of weak clays, found at depths generally in
excess of 5 m, posed significant limitations on the designs of major geotechnical structures.
These issues were resolved by adjusting the site layouts with the most sensitive structures
situated in geotechnical locations with a reduced thickness of weak clays. The geotechnical
designs included the benefits resulting from under drainage from open pit dewatering that will
precede their construction.
Because of the presence of significant thicknesses of weak clays, the ultimate heights of the
rock dumps are limited and these will be constructed in a number of stages in accordance with
the waste rock production schedule. The location of the Tailings and Waste Rock Management
Facility has been selected in an area where the weak clay thickness is estimated to be minimal,
ranging from 3 m to 6 m. Staged construction relying on the pre-consolidation aided by the
under drainage has greatly minimized the capital costs.
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The heavy mine infrastructure buildings will be constructed on the limestone outcrop/subcrop to
resolve the significant foundation excavation and dewatering issuesthat would otherwise be
required in areas of significant clay overburden. For the smaller, lighter structures to be
constructed on the clays flanking the limestone outcrop there are the options to pile or construct
on a rock fill carpet taken down to the clay. At the detailed design stage the option to utilize
mini-piles taken down to limestone would be examined against the requirement to minimize
settlements and optimize costs.
In addition to the foundation problems the presence of perennially flooded peat and clay
overburden with the open pit poses problems for its removal. Initially, Wardrop considered
mechanical means for stripping the overburden using excavators and trucks contracted to a
specialist earthworks company. This was to be contracted out because of delivery times in
procurement of the mining equipment and because contracted equipment would be smaller and
more suited to this work.
After further analysis, the option to dredge the muskeg and soft clays was reviewed for cost and
schedule considerations. Based on Wardrop’s assessment aided by preliminary inputs from a
dredging contractor it followed that costs would be reduced and that the more compact
schedule would be assured with the dredging option. However, the schedule for the dredging
would be tied to a construction season starting with the 2011 spring thaw. Currently, overburden
removal is schedule to begin in the spring of 2011 leaving 2010 and the first part of 2011 to
prepare for the dredging.
A separate area close to the pit has been dedicated for the disposal of the peat and clay
removed during the dredging operation. The dredged overburden material will be pumped to the
Overburden Disposal Containment (ODC) area and spigotted in to create a beach around the
perimeter of the area. During operations, this dredged clay material is considered in the
construction of the low permeability zone on the upstream side of of the TWRMF dam.
Although the leachates from the dolomite and the country rock are not expected to raise
environmental concerns in relation to on-land disposal, ultramafic units are considered as
potentially acid generating and metal leaching. The TWRMF was conceived to mitigate the
environmental issues by encapsulating the PAG waste rock within a single repository using a
novel concurrent disposal concept. This TWRMF design consolidates components from known
precedents will be supported by observational method during the construction and operation
phases. The dolomite and country rock waste rock will be stored in separate dumps that will not
require collection and treatment. This concept has resulted in capital and operational cost
savings and will eliminate any long term legacy costs in treating effluent from the ultramafic
rock.
Field trials and a well thought-out instrumentation and monitoring program, is indispensible for
both the confirmation of design assumptions and possible design optimization. Other aspects of
the project, such as water balance, deposition plans, construction details and material
specifications, additional borrow material sources, closure and reclamation issues have been
addressed.
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METALLURGY
Wardrop designed a comprehensive metallurgical testing program to generate data for the mill
design and economic assessment for the Project. This program began in early 2007 and was
completed in October of 2008 at SGS Lakefield. The major testing components in the
metallurgical program included:
•

grindability tests to collect data for grinding circuit design

•

QEMSCAN analysis to characterize the mineralogy of the ores

•

flotation testing to improve the nickel recovery as well as develop design criteria.

•

flotation products settling and filtration tests to collect data for sizing tailings and
concentrate thickeners and concentrate filtration equipment.

•

variability flotation tests to gain a better understanding of the flotation performance of
ore from different portions of the deposit which helps in the project risk assessment.

Five drill holes were designed to collect representative testing samples for the project. The open
pit master composite 2 (OPMC2) used in developing the design criteria was generated based
on the sulphidic nickel block model. It contains 0.54% total Ni and 0.36% sulphidic Ni. The
major nickel bearing sulphides are pentlandite and millerite. The main gangue minerals in the
composite are serpentine (34.7%), talc (30.2%) and phlogopite (11.2%).
The testing program accommodated an analytical task to determine the sulphidic Ni grade of all
the intervals from the 2007 and 2008 drilling programs which contained higher than 0.2% total
nickel. These results along with the historical sulphidic nickel assay results obtained by Amax
Exploration were used to develop the geological sulphidic nickel block model for accurate
accounting of the recoverable nickel. Mining and milling designs were based on this block
model
The grindability testing samples have a median SPI of 27.4 minutes; a median RWI of 9.6 kWh/t
and a median BWI of 14.9 kWh/t. Two independent simulation programs (JKSimMet and CEET)
were used to design the grinding circuit.
Flotation work was completed on various samples to optimize flowsheet and reagent regime as
well as to obtain reliable design data for the project. Tests were also performed to validate the
viability of developing a head grade-recovery curve based on the sulphidic nickel assay. The
mass balance of the mill design was based on the metallurgical projections from a locked cycle
test on OPMC2. Variability flotation tests were carried out to investigate the difference in
flotation response for samples from various locations of the deposit as well as with different
mineralogy.
The sulphidic head grade-recovery formulas developed for pit optimization and economic
assessment are shown in Table 9.
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Table 9

Head Grade-Recovery Formula for the Calculation of Nickel Sulphide Recovery at
Different Sulphidic Ni Grades

Head Grade (Sulphidic Ni%)

Equations for Sulphidic Ni Recovery Calculation

G<0.1

Recovery = 0%

0.1≤G≤1.25

Recovery = (61.375X3 - 198.87X2 + 218.02X + 9.435)%

G>1.25

Recovery = 91.1%

The metallurgical projections from a locked cycle test on the OPMC2 are tabulated in Table 10.
The test condition for the locked cycle test were: Grind size, P80 = 68 µm; 150 g/t PAX and 500
g/t Calgon in grinding; 250 g/t PAX in rougher flotation and 25 g/t PAX in 1st cleaner flotation;
700 g/t Dep. C in cleaner flotation; and 70 g/t MIBC in rougher flotation.
Table 10

Metallurgical Projections for OPMC2 of Minago (based on LCT-6)
Weight

Assays, %

% Distribution

Product
%
5th Cl Conc

Ni

Sulphidic Ni

S

MgO

Ni

24.36

10.43

52.28

Sulphidic Ni

22.27

15.31

1st Cl + Scav Tail

18.31

0.29

0.17

0.16

34.85

9.85

9.19

6.70

19.00

Ro Tail

80.43

0.25

0.14

0.13

33.64

37.88

32.93

24.16

80.61

98.74

0.26

0.14

0.14

33.87

47.72

42.11

30.85

99.61

100.00

0.53

0.33

0.44

32.97

100.00

100.00

100.00

100.00

Head (calculated)

69.15

MgO

1.26

Combined Tail

57.89

S

0.39

The metallurgical projection indicates that a nickel concentrate containing 22.27% Ni and
10.43% MgO will be produced with an equivalent sulphidic nickel recovery of 77.2%.
A second locked cycle test on OPMC2 indicated that recycled water did not have a significant
effect on the flotation performance of the composite.
Flotation tests on the variability sample representing the first two years of open pit production
show that this composite floated better than OPMC2, which indicate that little difficulty is
expected for the start-up and early operation of the plant in terms of the metallurgical
performance of the ore.
The overall variability sample flotation results indicated that all the variability samples with a
sulphidic nickel assay higher than 0.22% demonstrated floatability similar to those of the
sulphidic nickel grade composites used in the generation of the sulphidic nickel head grade –
recovery curve. In most of the flotation tests on the variability samples, lower MgO contents in
concentrates were achieved as compared to the results of tests on the sulphidic nickel grade
composites. Tests on three of the four variability samples containing less than 0.20% sulphidic
Ni achieved very low nickel recovery. The variability testing results indicate that the risk of a
“metallurgy underperformance” is low for the project if the mining cut off grade is higher or close
to 0.20% sulphidic Ni. The risk will increase as the mining cut off grade decreases.
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Dewatering tests on locked cycle flotation tails and concentrate indicated that a high rate
thickener would work better for the thickening of the tails and a pressure filter could achieve
moisture of 8.5% in the concentrate filter cake.
The Minago ore samples were historically tested by SGS Lakefield (formerly Lakefield
Research), Process Research Associates (PRA) and Outokumpu Oy.

NICKEL ORE PROCESSING PLANT
The mineral processing plant will process nickel ore at a nominal rate of 10,000 t/d beginning
with the haulage of ore to the primary gyratory crusher and hydraulic rock breaker capable of
crushing the ore to an optimal size for grinding (Figure 8).
The grinding circuit, consisting of one semi-autogenous grinding (SAG) mill and one ball mill,
will grind the ore prior to flotation. An intermediate crushing stage consisting of one pebble
cone crusher will crush oversized product from the grinding circuit for recirculation to the SAG
mill. A single vibrating screen will be utilized to classify the SAG mill discharge and the oversize
that will be crushed. A hydrocyclone cluster will classify the ball mill discharge and the
underflow of the vibrating screen. Underflow from the hydrocyclone cluster the oversize ball mill
product will be recycled to the ball mill feed while the overflow the undersize product will gravity
flow to the conditioning tank at the start of the flotation circuit.
The flotation circuit will consist of conventional rougher, scavenger and cleaner cells to produce
a high-grade nickel concentrate and final tailings. One bank of rougher cells, one bank of
scavenger cells, and five banks of cleaner cells will be utilized throughout the flotation circuit.
The final flotation concentrate will be thickened in an indoor conventional concentrate thickener
and stored in a stock tank. Concentrate from the stock tank will be dried for shipment in a
horizontal plate filter press. The filter press will dewater the concentrate to an 8.6% moisture
content. A bagging machine will bag the final concentrate in 2 t bags for shipping.
A high rate tailings thickener will clarify the final tailings from the flotation circuit and distribute
the tailings underflow to the tailings management area. Flocculants will be used in each
thickener to assist in settling and generating a precipitate from solution. Reagents including
potassium amyl xanthate (PAX) and sodium hexametaphosphate (SHMP or Calgon) will be
added to the ore in the grinding stage to enhance the flotation performance downstream.
Methyl isobutyl carbinol (MIBC) and depramin C (CMC) will also be added to the cleaner
flotation to aid in concentrate quality.
Flotation optimization will be provided by on-stream samplers, particle size analyzers and an
on-line x-ray analyzer. The samplers and analyzers will be used to monitor performance of the
flotation process to optimize concentrate grade and nickel recoveries. An assay and
metallurgical laboratory will be incorporated into the mill building to perform laboratory tests.
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Figure 8

Simplified Flowsheet
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FRAC SAND PROCESSING PLANT
The Preliminary Economic Assessment (PEA) identified a sandstone horizon averaging nine
metres thick above the unconformity of the main nickel bearing serpentinite. This sandstone
layer must be removed to access the mineralization within the proposed open pit mine reported
in the PEA study. The sandstone unit which is comprised of small, round, uniformly sized silica
sand particles is amenable for use as hydraulic fractionating sand or frac sand in the oil and gas
industry.
The sandstone is not expected to require drilling and blasting to be removed, but will require
additional backhoe cleanup due to the expected undulating contact at the top of the basement
rocks. The backhoe will windrow the sand so that a front-end loader can easily load the material
while minimizing the loss of sand due to the loaders large bucket size. The sand is then hauled
to a stockpile location, separate from the waste dumps, prior to processing. The sand is
released each time a mining stage passes through the bedrock contact in Years 1, 2 and 3
(Table 11). The insitu sand would be processed at a feed rate of 1.5 Mt/a, producing different
grades of frac sand at a rate of 1.15 Mt of marketable sand annually.
Table 11
Phase
Starter Pit

Final Pit Sand Resource by Year
Sand (tonnes)

Year

5,288,864

1

Phase I

2,091,628

2

Phase II

7,466,065

3

Total

14,846,557

PROCESSING PLANT DESIGN
Initial studies determined the deposit was capable of producing three saleable products
including two types of fracturing sand and a flux sand product. Based on Marketing study results
for annual sales, Outotec designed the plant capable of producing 1.15 Mt/a of marketable
sand. Approximately 0.615 Mt/a of the final product would be frac sand capable of meeting the
API specifications, and 0.535 Mt/a of the final product would be non-API frac sands to be sold
into other markets.
The design takes into account the seasonality of the frac sand market, the inclement winter
weather of Manitoba, and the requirement to operate the full plant year-round. The wet and dry
plants will operate in series, with a wet plant feed rate of 265 t/h.
A 16-month schedule for plant completion is estimated as the best-case scenario. This would
include detailed design, procurement, construction and commissioning with consideration for
starting construction in the spring.
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INFRASTRUCTURE FACILITIES
The site infrastructure will consist of several facilities including a maintenance building, fuelling
facilities, emergency services building, cold storage, fresh and process water pump house,
modular complex building, guardhouse and scale house, treatment plants, dewatering facilities,
and tailings management facilities.
The maintenance building with truck shop will be used for vehicle repair, tire replacements,
welding and general maintenance. This truck shop will comprise a wash bay, lube storage,
hydraulic shop, electrical shop, instrumentation shop, storage warehouse and lunchroom. The
fuelling faculties will provide diesel fuel storage for mining trucks and diesel generators.
The modular complex building will consist of mine staff dormitories, staff kitchen and cafeteria,
mine dry, recreational facilities and office complex. The water and waste water treatment
facilities include sewage treatment plant and potable water treatment plant. Dewatering
facilities include groundwater pumps located around the perimeter of the pit as well as portable
dewatering pumping stations within the open pit.
The tailings management area will be used to discharge tails and dump ultramafic waste. This
area will be equipped with a floating barge system to properly discharge decant water to the
polishing pond and flood retention area. The polishing pond pump house will discharge to the
Minago water shed north of the Minago mine site.

ELECTRICAL
Electrical power is required for the ore processing plant, the frac sand plant, the open pit mine,
de-watering and general services. A main substation 230 kV/13.8 kV will be installed to
transform the primary power at 230 kV to the secondary power at 13.8 kV. The secondary
power distribution network would consist of 13.8 kV primary feeders and overhead transmission
lines (ACSR). The secondary feeders would consist of 6.6 kV, 4.16 kV and 0.6 kV Teck cable.
All operational loads would be calculated on a 24 hr basis for the various load centres.
The processing plant consist mainly of the grinding, flotation, concentrate thickener, process
water plant and reagent areas which accounts for 29 Megavolt amperes (MVA) (58 %) of the
load requirement. The open pit mine/remote locations consist mainly of the shovels, drills,
dewatering pumps, administration buildings, sand plant and transfer pond pumps which
accounts for 21 MVA (42 %) of the load. Total operational load for the Victory Nickel Minago
mine is approximately 50 MVA.

LOGISTICS

AND

TRANSPORTATION

The Minago property enjoys the advantage of being located directly adjacent to Manitoba
Provincial Highway 6, a major north-south highway transportation route. Also, the property may
be served by the OmniTRAX rail company with a railhead at Ponton 60 km away. Therefore
both inbound and outbound goods from the Minago site can be transported by conventional
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land transportation methods such as truck and rail. These transportation costs have been taken
into consideration in both operational costs and capital costs.

STAFFING

AND

PERSONNEL DEVELOPMENT

Well-trained, qualified personnel are an essential requirement to ensure the proper start-up and
production targets that define a successful project. The correct staffing levels and the staffing
requirements in each category define the basis for assessing labour operating costs. A
comprehensive set of human resources policies and practices are required to define training
and the human resources policies.
A work force schedule has been prepared to identify the staffing requirement by major facility
and by area as summarized in Table 12.
Table 12

Department Staffing (Including Contracted Services Personnel)
Department

Maintenance Department
Mining Department
Processing Department

Number of
Personnel
94
121
94

Geology Department

4

Engineering Department

5

Human Resources Department

14

Environmental Department

5

Mine Controller Department

14

Contracted Services Personnel
Total

71
422

The staffing levels have been assessed to take into account of vacations, training, and absence
relief for the various categories. There will be a requirement to start-up the frac sand plant
initially, followed by the open pit mine and ore processing plant.
In estimating labour requirements, allowances will need to be made for the various employee
scheduling arrangements described in Section 12.0. For the three employment arrangements,
different allowances called “K” factors will be applied to account for absences due to vacation,
training, or sick leave.

SOCIAL CONTEXT
As part of the Minago Feasibility Study, Victory Nickel conducted a Socioeconomic Assessment
of the neighbouring communities. A series of meetings and interviews were held with a wide
range of key stakeholders to identify their views and opinions with respect to the Minago
Project. The stakeholders included Norway House Cree Nation (NHCN) and Norway House
28

0951330400-REP-R0001-02

FEASIBILITY STUDY
MINAGO NICKEL MINE – MANITOBA

Community (NHC); Grand Rapids Cree Nation (GRCN) and Grand Rapids Community (GRC);
Cross Lake Band of Indians (CLBI) and Cross Lake Community (CLC); Moose Lake Cree
Nation (MLCN) and Moose Lake Community (MLC); Snow Lake; Manitoba Métis Federation
(MMF); Trapline Owners (TLO); Norway House Resource Management Board (NHRMB) and
Government Agencies. Consultations, community engagements, and small group and open
house meetings were held in the individual communities. Also, Victory Nickel has signed a
Memorandum of Understanding (MoU) with Cross Lake, Moose Lake and Grand Rapids First
Nations’ Bands. The communities to the Minago Property include Grand Rapids (GR), Moose
Lake (ML), Cross Lake (CL), Snow Lake (SL) and Norway House (NH). Each community has
its own governing infrastructure usually collectively known as the First Nations in the Northern
Region of Manitoba.
The objectives of the Socioeconomic Assessment (SEA) for the Minago Project were to:
•

introduce the major components of the Minago Project to a wide range of key
stakeholders

•

inform communities and stakeholders of potential impacts and their relative magnitude
on the communities’ social and economic well-being

•

provide an opportunity for the integration of diverse community values into the decision
making process for the mine development

•

understand the concerns of the communities and stakeholders to develop potential
mitigative measures that are practical and cost effective

•

provide information for addressing the potential impacts of the Minago Project on the
socio-economic resources of the communities.

The various meetings with government agencies, public, First Nations and Métis consultation
and community engagements on various aspects of the Minago Project occurred during the
past three years (2007-2009). The issues raised by each of these groups during this process
have been documented and are summarized in the Study.

REGULATORY AGENCY CONSULTATION

AND

E N G AG E M E N T

As part of the exploration and development process for the Project, meetings between Victory
Nickel and provincial and federal regulatory agencies focused on environmental protection and
wildlife, waste management, vegetation, fisheries, benthos, air and water quality, and permitting
and regulatory requirements.

TECHNICAL ADVISORY COMMITTEE

AND

G O V ER N M E N T M E E T I N G S

Victory Nickel had technical sessions with the provincial and federal government
representatives, including Provincial/Federal Technical Committee and consultants focused on:
•

Environmental Baseline Studies including vegetation, soil, fisheries, sediments, wildlife
and water quality assessments, hydrology and hydrogeology.
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•

a socioeconomic assessment,

•

geochemical characterization and geotechnical aspects.

•

mining, nickel milling and ore processing.

•

water management, pit dewatering.

•

frac sand mining and processing.

•

tailings management, waste rock dumps.

•

design basis and criteria.

•

site reclamation.

•

Métis and First Nations consultations and engagement, and permitting.

The issues and comments raised during these meetings were incorporated in the planning and
design of the Minago Project and are summarized in the Study.

FIRST NATIONS CONSULTATION

AN D

ENGAGEMENT

As the Minago Project area falls within the Treaty 5 traditional territory and specifically the
Norway House Resource Management Area, in 2007 in-depth community meetings were
initiated to introduce the project. In 2008, additional community engagement meetings were
initiated to discuss preliminary findings of the Environmental Baseline Studies (EBS) and some
of the design basis and criteria for the frac sand plant, water management systems, pit
dewatering systems, mine, mill, tailings storage facilities, waste rock dumps, and overall site
infrastructure. In 2009, Victory Nickel concentrated on negotiating a Social Economic
Participation Agreements with Cross Lake, Grand Rapids and Moose Lake First Nations.
Overwhelmingly, there were more positive impacts issues raised than negative ones as detailed
in the previous sections. The concerns that the First Nations (NHCN, CLBI, MLCN and GRCN)
and Métis had were in regard to impacts to wildlife, water, social issues and traditional land use.

COMMUNITY INVOLVEMENT
Along with the meetings with Norway House Cree Nation, Misipawistik Cree Nation (Grand
Rapids), Mosakahiken Cree Nation (Moose Lake), Cross Lake Band of Bands and the Métis
Federation of Manitoba, a series of public open houses were held. These meetings were
initiated to allow residents of Norway House, Cross Lake, Moose Lake, Grand Rapids, and
Snow Lake to provide comment on the project’s progress and proposed activities. The issues
raised during these meetings concerned employment and business opportunities, including the
issues identified in Table 13. Meetings with the members of the Métis Federation of Manitoba
(MMF) were held in Grand Rapids on May 08, 2007, in Norway House on May 23, 2007, and in
The Pas on October 08, 2008. Victory Nickel also participated in the 2008 MMF Annual
General Meeting that was held in Brandon, Manitoba.
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PUBLIC CONSULTATION
There is some overlap between the COI and the public as the majority of the local communities,
notably Grand Rapids, Norway House, Moose Lake, and Cross Lake, are represented by
members of the Cree Nations. In addition to respective community band councils, each
community has its own local government. People from the local communities also attended
scheduled meetings in Norway House, Cross Lake, Moose Lake, and Grand Rapids.

FUTURE CONSULTATION

AND

C O M M U N I T Y E N G AG E M E N T M E E T I N G S

As the project progresses, Victory Nickel will hold additional consultation and community
engagement meetings with the First Nations, Metis, government, the public and other
stakeholders to project related information. These meetings with the First Nations will take
place in 2010.

ENVIRONMENTAL CONSIDERATIONS
INTRODUCTION
In parallel with the preparation of the Minago Feasibility Study, Victory Nickel conducted baseline studies of the area surrounding the proposed mine site. These studies included surface
water quality, monitoring, vegetation surveys, fisheries assessment, benthic community
enumeration, wildlife surveys, sediment characterisation, soil assessment, socio-economic
assessment, geo-chemical characterisation, hydrology and hydro-geology. The goal of this
study is to determine the potential impacts of the Minago Project on those environs by
comparing baseline indicators and operational data.
Details of the following aspects of the Environmental Considerations are given in Section 12.0
of this Study:

PERMITTING
Victory Nickel plans to submit an Environmental Act application to the Manitoba government
during the Second Quarter of 2010.

CLOSURE PLAN
In keeping with high standards for environmental and social responsibility and the Manitoba
Closure Regulation 67/99, Victory Nickel will implement an environmentally sound and
technically feasible decommissioning and closure plan for the Minago Project. The closure
planning and implementation will be undertaken with appropriate environmental care, to meet
these Provincial and Federal laws and regulation, satisfy the interests of the public, and achieve
the company’s environmental standards. In so doing, Victory Nickel will exercise reasonable
efforts to plan, design, construct and operate the facilities for closure, with a goal of achieving a
walk-away scenario as described in the main body of the Study.
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ORE CONCENTRATE

AND

FRAC SAND MARKETING

The worldwide recession in 2008 led the price of base metals in general and nickel in particular
to levels below marginal costs. After rising from US$4.00/lb in 2003, to a record high of
US$24.58/lb in May 2007, the price of nickel returned to US$4.15/lb in November 2008.
Given the recent swings in commodity prices, a certain period of stability would be required
before determining reliable commodity price trends. When the project was conceived in 2007,
the price of nickel briefly reached over US$24.00/lb and for a time US$15.00/lb nickel seemed
assured. However, for a brief period in early 2009, the price of nickel dropped below US$4.00/lb
and currently ranges in the US$7.00 to US$8.50/lb range.
For the purposes of the Financial Model, metal prices and exchange rates have been
established on the basis of a 3 year rolling average. This approach which is used by the
Securities and Exchange Commission in the United States, considers the behaviour of the
market in the previous three years. By using this approach, we have not included forecast
pricing to establish forward looking pricing for our Financial Analysis.
The frac sand pricing from IM&M suggests that the prices for frac sand will remain at the current
levels with pricing dependent on drilling activity in the oil shales.

CAPITAL COSTS
The capital cost estimate (CAPEX) for the mine, process plant, load out facility and
infrastructure for the Project has been prepared in accordance with standard industry practices.
For feasibility-level studies the required intended range of accuracy for the given level of
definition is assumed to be -10% to +20%.
The estimate includes for direct and overhead cost estimates, based on current pricing for
common items. The Indirect Costs, Owner’s Costs and Contingency Costs are considered as
Overhead Costs in this Capital Cost Estimate. As of December 2009, the estimated CAPEX for
the Project is CDN$596,268,000 subject to the qualifications, assumptions and exclusions
detailed in this report.
The capital cost summary and distribution is shown in Table 13.
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Table 13

Summary Project Capital Costs

Category
Number

Description

Total (CDN$)

PreProduction
(CDN$)

Sustaining
(CDN$)

Direct Costs
00000

General

5,883,000

5,883,000

0

10000

Site Development

37,205,500

37,205,500

0

20000

Site Utilities

47,616,600

45,616,600

2,000,000

30000

Tailings Management Facilities

16,481,400

15,231,400

1,250,000

40000

Frac Sand Development

26,639,000

26,639,000

0

50000

Mine Infrastructure

35,608,600

35,608,600

0

60000

Mobile Equipment

106,975,000

106,975,000

0

70000

Ore Processing Facilities

146,696,900

146,696,900

0

80000

Non-Process Buildings

19,118,900

19,118,900

0

Totals - Direct Costs

442,224,900

438,974,900

3,250,000

X0000

Indirect Costs

91,399,100

91,399,100

0

Y0000

Owner's Costs

12,847,500

12,847,500

0

Z0000

Contingency

Overhead Costs

49,796,500

49,796,500

0

Overhead Cost Total

154,043,100

154,043,100

0

Grand Total

596,268,000

593,018,000

3,250,000

The pricing for commodities or the design/supply of equipment is based on non-binding,
budgetary quotations from vendors and contractors for major equipment and unit rates.
“Budgetary quotations” generally means that indicative pricing has been provided for specified
equipment, materials and productivity, but no commitment has been made to provide the
equipment or materials at this price at a future date.
The PST is included in the Capital Cost Estimates and the GST is excluded with the costs
associated with import duties and tariffs included the Owner’s Costs.
As most equipment was priced towards the end of 2008, where costs are significant these have
been re-priced to confirm that costs are still current. In other cases adjustments have been
made to the rates to bring these into line with current expectations. Where possible costs are
based on current market conditions without provision for future cost escalation.
The project capital cost estimates are expressed in Canadian Dollars with foreign currency
exchange rates applied as set out in Table 14.
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Table 14

Foreign Exchange Rates

Base
Currency

Foreign
Currency

CDN$1.097

US$1.00

The CAPEX is based on the assumption that Victory Nickel will follow the Project
Implementation Plan described in this feasibility study. Any significant deviation from this
Project Implementation Plan may have an impact on both the project schedule and costs. In
particular, the various costs have been calculated assuming the timeframe developed in the
Project Implementation Plan.
The quantities developed are based on general arrangement drawings, process design criteria,
process flow diagrams, and preliminary P&IDs. Design allowances are applied to bulk materials
based on discussions between the respective discipline and the estimator. Engineering,
Procurement and Construction Management costs were provided by Wardrop based upon a
percentage of the expected construction cost for the project.
The Labour rates comprise blended union and non-union rates and include payroll burdens and
overtime shift premium rates. In addition to the labour rates, contractors will be paid a rate for
their overhead which would include site management
Labour rates pertinent to the estimate are summarized in the Study from which an average
labour rate of CDN$75 was evaluated.
The labour rate is based on a construction schedule of three week in and one week out, and a
70-hour work week. Scheduled site hours are 7 days per week at 10 hours per day, totaling 70
hours per week for which 40 hours would be paid at straight time and 30 hours at time and a
half. The associated productivity factor for labour hours in the capital cost is estimated to be
1.15 to 1, or 87% efficiency.
A contingency percentage of the total Direct and Indirect Costs has been included to meet
unanticipated costs within the scope of the estimate. The contingency was estimated on a
discipline-by-discipline basis, taking into account items that have been quoted, estimated, or
factored. Contingency is intended to make provision for cost escalation during construction and
the costs associated with scope change costs and delays. The schedule delays and associated
costs could be due to such factors as unexpected ground conditions, extraordinary climatic
events or labour disputes.

OPERATING COSTS
On-site operating costs are estimated for five cost centres: General & Administrative, Surface
Facilities, Frac Sand Processing, Nickel Ore Processing and Mining (Table 16). To provide a
consistent framework for expressing costs within these cost centres cost, control categories
have been developed for salaries and wages, maintenance, consumables, fuel, power and
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service contracts. The details on each of these five cost centres and the six cost control
categories can be found below.
The salary and wages costs were developed from the organizational chart and the Work Force
Schedule, described in Section 11.0, Staffing and Personnel Development.
Table 15

Operating Cost Summary
Cost Centres

General & Administrative

Project Life

Annual

Daily

109,072

12,450

34.6

Frac Sand Processing

39,871
73,268

4,627
7,404

12.9
30.9

Nickel Ore Processing

249,252

37,568

104.4

Mining

388,242

59,071

164.1

Total

859,705

121,120

346.9

Surface Facilities

Notes:
Year 4 has been taken as the representative year.
Frac Sand daily cost is calculated based on 240 day annual operation.
Nickel Concentrate Processing is based on 360 day operations.
G&A and Surface Facility are credited against Ore Processing

A full breakdown of the costs associated with the various Cost Centres is provided in Section
16.0, Operating Costs. Similarly, details of the following Manitoba Hydro Rates and the diesel
fuel costs have been summarized in Section 16.0 of this Study.

PROJECT ECONOMIC ANALYSIS
An economic evaluation of the Minago Project was prepared by Wardrop based on a pre-tax
financial model. Assuming a 7 year nickel mine life, 7 year mill life and a 10 year frac sand
plant life, the following pre-tax financial indicators were calculated:
•

An IRR of 17.66%

•

A Payback of capital in the fourth year of nickel production

•

A $596 million capital cost

•

A $294 million NPV at 8% discount rate

As the Economic Analysis in this section has been based on the Capital Cost and Operating
Cost Estimates in Sections 15.0 and 16.0, the same qualifications, assumptions and exclusions
apply. Further, this economic analysis is subject to the same allowances for variation in
currency exchange rates and escalation in prices as capital and operating costs.
The results of the Financial Analysis are presented as the Internal Rate of Return (IRR), the
Payback Period and the Net Present Value (NPV) for a given discount rates. To understand the
effect of the variables, parametric sensitivity analyses are performed to describe the influence of
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capital cost, nickel price and operating costs. Specific graphs are prepared to illustrate the
effects of key cost and pricing parameters on the IRR and NPV.
The Financial Analysis has been facilitated through a financial model that describes the
economics of the Minago Project by providing a compact summary of the Business case for the
project throughout the Life of the Mine. The financial model was calculated on a 100% equity
basis. As required by Victory Nickel, Wardrop has not included any post tax financial modeling
for the project in the financial model.
The financial model is based upon 3 year rolling average market prices for nickel and pay
metals and exchange rates as shown in Table 16. Nickel Concentrate losses were estimated at
0.30% for handling from mine to smelter at an average Moisture Content of 6.00%.
Table 16

Pricing and Exchange Rate Assumptions
Base Case

Financial Inputs

Units
$US

CDN$

Nickel

Lbs

11.19

12.27

Copper

Lbs

2.91

3.19

Palladium

Oz

322.40

353.64

Platinum

Oz

1353.78

1,484.97

Gold

Oz

836.25

917.29

Cobalt

Lbs

27.73

30.42

Silver

Oz

14.25

15.63

Oz

2,254.56

2,473.04

n/a

63.02

1.097

1.00

Rhodium
Frac Sand
Exchange Rate

Tonne
n/a

Within Section 14.0, the report by “Reid Resource Consulting Pty Ltd” reviews the typical
progress of pricing from the initial “indicative” to the “final” and reviews Price Participation and
Penalty Schedules. The penalty schedule identified the negative impact of the zinc content and
the MgO on the smelter pricing.
IM&M of Calgary prepared a report to evaluate the anticipated frac sand pricing in January 2009
based upon location and frac sand grading. On the assumption that transportation costs will
follow any pricing increase, the value of the markets available less transportation costs has
been assessed to be $72,019,885 per annum.
Sensitivity analyses were carried out to evaluate the effects of increases in Nickel price from
US$6.00 to US$20.00/lb on NPV, IRR and Payback of Capital. The NPV were calculated at
discount rates of 8%, 6% and 4% for the range of metal prices selected and the results
presented in Table 17 below. The Payback Year is estimated from the beginning of the year in
which first nickel ore production starts.
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Table 17

Summary of Pre-Tax NPV, IRR, and Payback Sensitivities

Nickel
Price
Scenario
US$/lb

NPV at Selected Discount Rates
(in Million$)

IRR
(%)

Payback*
(Years)

8%

6%

4%

$4.00

-286.3

-271.8

-249.6

-4.4%

n/a

$6.00

-119.9

-78.4

-23.7

3.3%

8
6

$8.00

39.5

107.0

192.7

9.4%

$10.00

198.9
358.3

292.3
477.7

409.2
625.6

14.8%

5

$12.00

19.5%

4

$14.00

517.8

663.1

842.1

23.8%

4

$16.00

677.2

848.4

1,058.6

27.7%

3

$18.00

836.6

1,033.8

1,275.0

31.3%

3

$20.00

996.0

1,219.1

1,491.5

34.6%

3

*stated in terms of years of nickel production

The average life of mine operating costs per pound of nickel before by product credits is
estimated to be $6.95 and net of by product credits $2.12. In Table 18 below these costs are
summarized by pound of nickel and by tonne of ore.
Table 18

Total Nickel Cost Summary
Operating Cost
($/lb)

Operating Cost
($/tonne)

General and Administrative

$0.69

$4.33

Surface Facilities

$0.25

$1.58

Ore Processing

$1.57

$9.90

Mining

$2.45

$15.43

Concentrate Transportation

$0.06

$0.39

Smelter and Refining Charges

$1.93

$12.15

Cost Before By-product Credits

$6.95

$43.78

Frac Sand Credit

$4.04

$25.44

Pay Metal Credit

$0.49

$4.97

Cost Net By-product Credits

$2.12

$13.37

PROJECT IMPLEMENTATION PLAN
The Project Implementation Plan (PIP) is intended to ensure the successful execution of
engineering procurement, and construction phases, and the alignment with subsequent mine
development phases. The PIP will ensure that necessary costs have been included in the cost
estimates for the project detail design, procurement, and construction phases. The PIP will
provide a better understanding of the overall risk profile and project risk mitigation strategies.
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P R O J EC T I M P L E M E N T A T I O N S T R A T E G Y
The first stage in establishing a Project Implementation Strategy will be for the Owner to define
a strategy which best fits the needs of the project. Wardrop has assumed that the Owner will
require full support during the detailed engineering, procurement, and construction phases of
the project. The Owner’s plans for the hiring and training of personnel and the operation of the
plant have not yet been considered but will be considered with the PEP.
The full text of the main document describes the various traditional implementation strategies.
The implementation strategy adopted by the Owner will reflect the depth of available skills within
the Owner’s team, and the degree of involvement the Owner wishes to take. The project
management style should reflect the Owner’s role in the management of the project and the
Owner’s risk philosophy.
For the Minago Mine the Implementation Strategy will need to address the schedule restraints
posed by weather and the requirement for a flexible contracting strategy in a remote site
location utilizing local labour.
•

The problems associated with a flooded site dictate that initial winter construction when
the ground is frozen is preferable.

•

A flexible contracting strategy will be required to accommodate the timely procurement
of long-lead items and construction.

•

Being some 225 km from Thompson, Manitoba and 485 km from the major city of
Winnipeg, Manitoba the site may be classified as having a remote location.

•

Wherever possible, labour should be drawn from local labour pools in Norway House,
Grand Rapids, Moose Lake, Cross Lake or Snow Lake.

CONTRACTING STRATEGY
The contracting considerations will include a review of the availability of contractors, a
consideration of Union or Non-Union Contractors and the size of packages to attract tenders.
Where possible, approved contract proformas will be utilized for construction and service
contracts. Generally, construction contractors will be responsible for construction labour,
construction equipment, transportation to site, contract surveying, quality control, safety,
environmental safeguarding, and supplying permanent materials as required by contract. A
summary of the Major Equipment Packages and Major Construction Contracts are outlined in
Section 18.0, Project Implementation Plan.

P R O J EC T S C H ED U L E
The Project Implementation Schedule will address the primary activities required to engineer,
procure, construct, performance testing, commissioning and operation of the Minago Project.
The schedule is based on the following:
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•

An assumed date for the start of Detail Design without a Basic Engineering Phase.

•

Full funding required to meet the schedule.

•

An EPCM contracting strategy.

•

Permitting approvals won’t compromise engineering, procurement & construction dates.

The Project Implementation Schedule is summarized in Section 18.0 with the full schedule
included in the appendices. Given the requirement to commence the dredging early in 2011, the
engineering and procurement for the substation, dewatering and dredging work would need to
be advanced early this year.

PROJECT RISKS

AND

OPPORTUNITIES

The Minago Project, like many large projects carries with it both risks and opportunities which
may influence a successful outcome. Within this Feasibility Study we have attempted to identify
the most likely risks and opportunities. Where we have identified a risk the mitigating
circumstances which might ameliorate that risk have been identified.
Risks and opportunities range from location, financial, economic, social and political fields.
Representative risks and opportunities include commodity issues, construction costs,
environmental and regulatory issues, resource estimates, process design, financial risk,
logistics, political, labour, social and aboriginal issues.
The most significant immediate factor affecting risk and opportunity is the current economic
downturn which has led to a steep deflationary cycle. On the positive side, the economic
downturn has stabilized prices, improved the availability of labour and has improved deliveries.
The inherent risk is that the commodity prices may remain low for the foreseeable future or that
financing may become difficult to obtain.
Wardrop has identified commodity issues as a risk given the recent precipitous drop in the price
of nickel since the $24.00/lb peak. Although the frac sand pricing has been affected by the
slowdown in the development of new wells, the pricing should improve when the gas prices start
to rebound.
On the political front, the aboriginal issues remain to be resolved despite positive press
comments from many aboriginal leaders. Although the benefits of the mine have been
acknowledged, full agreement with all of the native bands has not been realized. However, by
continuing to develop relationships with the local aboriginal bands, Victory Nickel is moving to
mitigate this risk.
Until the Environmental Impact Statement, has been submitted and approved, specific
environmental approvals may not be forthcoming. Nevertheless, environmental issues do not
appear to be insurmountable and Victory Nickel has taken the necessary steps to understand
the environmental issues.
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Victory Nickel is planning to take advantage of Manitoba Hydro’s current power rates which are
the lowest in North America. To lock in these preferential rates to ensure that this power is
available at current prices, steps should be taken to acquire the approval of Manitoba Hydro
early in the process. In addition to determining rates, Victory Nickel needs to finalize the
process for getting approval for the connection to the 230 kV Line.
On the upside, the possibility of reclassifying ore resource from inferred to indicated offers the
greatest opportunity. The calculation of the inferred resource suggests that significant measured
and inferred resources could be realized. In a similar vein, there is the possibility to develop
resource in the north arm of the ore body. With mining and milling infrastructure costs carried
within this project, the costs for developing these contiguous ore bodies would be reduced.
The annual feed rate for production of frac sand for the developing Canadian oil fields has been
set at 1.5 Mt/a.. If advantageous market conditions prevail, additional capacity may be available
the design of the Frac Sand Plant is amenable to increasing production.
During the detail design, significant opportunity exists to reduce the construction costs by
minimizing excavation, structure, and concrete quantities, and more effective equipment
selection. The possibility of utilizing more off-site pre-construction and modularized components
such as pre-mounting and pre-wiring of valve skids complete with controls.
Capital costs may be reduced through the purchase of second-hand equipment which is
becoming increasingly available due to the economic slowdown. In order to defer the immediate
use of capital, Victory Nickel has explored the option of leasing equipment.
Within the site, the location of tailings dams, overburden dump and rock dumps will be
optimized to select zones where the soft clays thicknesses are minimal.
As the present locations are close to the pit, these are optimal in terms of haul distance, the
preferred option going forward would be to improve the load bearing capacity of the clay below
the dumps. By staging construction to consolidate the clay, the dump heights may be increased
and the area required minimized reducing the construction and operational costs.
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