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EXECUTIVE SUMMARY 
 
The Kenbridge property is located in the north-central part of the Atikwa Lake area and 
the south-central part of the Fisher Lake area, Kenora Mining Division, approximately 70 
kilometres east-south east of the town of Kenora, Ontario, Canada. 
 
The Kenbridge deposit occurs within a vertically dipping, lenticular gabbro and gabbro 
breccia with surface dimensions of greater than 250 metres strike length by 60 metres. 
The host volcanic rocks on the western side of the deposit are mostly composed of 
medium green, strongly foliated and sheared, tuffaceous units with fragments defined by 
a lensoid banding of matrix carbonate. Very fine-grained massive green rock, possibly a 
flow or well-indurated tuff, is given the field name of greenstone and occurs throughout 
the volcanic sequence. Volcanic rocks on the eastern side of the deposit are characterized 
by larger fragments and less foliation. Contacts between the mineralized gabbro and the 
enveloping volcanic rocks are marked by a variable thickness of talc schist (1-30 m). The 
talc may or may not be mineralized.  
 
Underground development of the Kenbridge deposit extends from surface to a depth of  
623 metres in a 3 compartment shaft, with 244 metres of drifts and 168 metres of 
crosscuts at the 110 and 150 metre levels. The minimum drill spacing is at 15.2 metres on 
all levels. The deepest hole extends to the 838.4 metres depth and intersected 
mineralization grading 4.25% nickel and 1.38% copper over 10.7 ft, indicating that the 
deposit remains open at depth. Historical surface drilling was completed at 30.5 metre 
spacing.  
 
The mineralized zone has a strike length of about 250 metres as indicated by drill data. 
This mineralization has been investigated in detail on two underground levels and with 
drilling to a depth of 823 metres. Mineralization (pyrrhotite, pentlandite, chalcopyrite ± 
pyrite) is found as massive to net-textured and disseminated sulphide zones, primarily in 
gabbro with lesser amounts in gabbro and talc schist.  Nickel grades within the deposit 
are proportional to the total amount of sulphide with massive sulphide zones locally 
grading in excess of 6% Ni.   Mineralization undergoes rapid changes in thickness and 
grades.  At least three sub-parallel mineralized zones were intersected in the current 
drilling and range in thickness from 2.6 metres to 17.1 metres.  
 
This report updates the resource estimate and Preliminary Assessment for the Kenbridge 
Project, from the original Preliminary Assessment report prepared in February 2008  
entitled “Technical   Report   On   A   Preliminary   Assessment   Study   For   The Kenbridge 
Deposit,  Kenora,  Ontario,  Canada  for  Canadian  Arrow  Mines  Ltd.”.   
 
 
MINERAL RESOURCE 
 
The updated Mineral Resources for the Kenbridge Deposit is tabulated in Table 1.  
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Table 1.  Updated Mineral Resource Statement, Kenbridge Nickel-Copper Deposit, 
Ontario, P&E Mining Consultants, July 2009. 

 

 
(1)  Mineral resources which are not mineral reserves do not have demonstrated economic 
viability.  The estimate of mineral resources may be materially affected by 
environmental, permitting, legal, title, taxation, socio-political, marketing, or other 
relevant issues. 
(2) The quantity and grade of reported inferred resources in this estimation are conceptual 
in nature and there has been insufficient exploration to define an indicated mineral 
resource on the property and it is uncertain if further exploration will result in discovery 
of an indicated or measured mineral resource on the property 
 
It should be noted that the mineral resources in this estimate were calculated using the 
Canadian Institute of Mining, Metallurgy and Petroleum (CIM), CIM Standards on 
Mineral Resources and Reserves, Definitions and Guidelines prepared by the CIM 
Standing Committee on Reserve Definitions and adopted by CIM Council on Dec 11, 
2005. 
  

Open Pit Tonnes Ni % Cu % Co% NSR $C/t
Measured 3,535,358 0.46 0.25 0.007 $63.25
Indicated 659,888 0.37 0.24 0.010 $50.25
Meas & Ind 4,195,246 0.44 0.25 0.007 $61.21

Underground Tonnes Ni % Cu % Co% NSR $C/t
Measured 191,082 1.01 0.44 0.014 $149.65
Indicated 1,486,687 1.00 0.51 0.008 $149.77
Meas & Ind 1,677,769 1.00 0.50 0.009 $149.76
Inferred 904,050 1.15 0.69 0.002 $177.19

Total Tonnes Ni % Cu % Co% NSR $C/t
Measured 3,726,440 0.49 0.26 0.007 $67.68
Indicated 2,146,575 0.81 0.43 0.009 $119.18
Meas & Ind 5,873,015 0.60 0.32 0.008 $86.50
Inferred 904,050 1.15 0.69 0.002 $177.19

Open Pit Cut Off = $13 NSR/t
UG Cut Off = $63 NSR/t
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PRELIMINARY ASSESSMENT STUDY 
 
Mining 
 
Past exploration development on the property included a 3 compartment timber lined 
shaft to a depth of approximately 623 metres.  Underground lateral development includes 
access drifting to the mineralized zones and silling in ore on the 110 and 150 metre 
levels.  Underground lateral development totals approximately 775 metres. 
 
The deposit will be mined by open pit and underground mining techniques. 
 
A potential diluted mineable resource, for open pit mining, of 4,615,000 tonnes at grades 
of 0.40% nickel, 0.23% copper and 0.007% cobalt of measured and indicated resources is 
identified.  This estimate was derived utilizing metal prices of $US7.50 per pound for 
nickel and $US2.50 per pound for copper, with an open pit shell produced by Whittle.  In 
addition a diluted potentially mineable mineral resource estimate for underground 
mining, at a $63 per tonne NSR cutoff, consists of 220,000 tonnes at a grade of 0.92% Ni, 
0.40% Cu and 0.032% Co of measured, 1,710,000 tonnes at a grade of 0.91% Ni, 0.46% 
Cu and 0.027% Co of indicated and 1,040,000 tonnes at a grade of 1.03% Ni, 0.62% Cu 
and 0.021% Co of inferred resources.  A mining recovery of 90 percent and dilution of 15 
percent was included, with the diluting material carrying a background grade of 0.30 
percent nickel and 0.15 percent copper.   
 
The open pit will extend to approximately 150 metres in depth.   Open pit mining would 
utilize diesel powered haul trucks, front end loaders and excavators and other support 
equipment.  The overall stripping ratio would be approximately two to one with open pit 
slopes in the range of 55 degrees.  All mining equipment would be provided by an open 
pit mining contractor. The open pit mining rate would be 1,400 tonnes per day of 
potentially economic mineralization in Years 1 to 6 and then increase to 2,800 tonnes per 
day for the last 1.5 years of mining operations. 
 
The underground mine would be accessed via the rehabilitated existing shaft and a ramp 
collared at surface.  Mining will use all mechanized rubber tired and diesel powered 
equipment.  A Longhole open stoping mining method with cemented and un-cemented 
waste rock backfill would be applied to the mineralized zones.  Mining would proceed at 
the rate of 1,400 tonnes per day from two or three sublevels, mining simultaneously.  
Mining will proceed from 3 sill levels (approximately equal vertical distances over the 
vertical height of the underground mine) mining upwards in 40 metre high stopes. 
 
Surface facilities will include the headframe, hoist and hoist house, ramp portal and main 
intake fresh air ventilation fans.  Mine underground infrastructure will include ore and 
waste passes, fresh air and return air ventilation raises, maintenance shop, mine 
dewatering system, electrical distribution, powder and cap magazines and refuge stations. 
 
The open pit operation will have limited capital expenditures as it being operated by a 
mining contractor who will supply all major equipment.  Capital expenditures for the 
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open pit would include power distribution and pumping which have been included in the 
surface infrastructure capital expenditures.  Mine preproduction development capital 
expenditures total $13.2 million and occur in Year -1.  Total mine development 
expenditures over the life of the mine would total $42.5 million.  Mine underground 
services expenditures would total $5.9 million.  Underground mine mobile equipment 
would be leased with a leasing cost of approximately $2.3 million per year.  Other mining 
equipment capital costs total $529,000. 
 
The open pit mining costs are estimated to be $4.25 per tonne of potentially economic 
mineralization and $3 per tonne for waste rock.  The total mining cost per tonne of 
potentially economic mineralization at the estimated stripping ratio is $11.45.  The 
underground mining, sublevel longhole mining cost, for potentially economic 
mineralization delivered to surface is estimated to be $42 per tonne.  In addition the 
yearly mobile mining equipment leasing cost is $2.3 million or approximately $4.54 per 
tonne of potentially economic mineralization.    
 
 
Processing 
 
The metallurgical testwork review and conceptual process plant design were undertaken 
by Micon International Limited.  The preliminary process plant is sized to process 2,800 
metric tonnes per day. 
 
The conceptual flowsheet for the scoping study has been selected based on the past 
metallurgical testwork, reference to comparable projects and Micon's in-house expertise.  
The flowsheet comprises primary crushing, semi-autogenous grinding (SAG), secondary 
ball milling, flotation, bulk concentrate de-watering and tailings de-watering.  Neither a 
pre-concentration step nor copper/nickel separation is included in the conceptual design. 
 
Nickel and copper recoveries of 74.2% and 85.7%, are estimated for the lower grade open 
pit material.  The average head grade of this mineralization is estimated to be 0.40% Ni 
and 0.23% Cu.  The average estimated underground mineralization plant head grades and 
estimated metallurgical recoveries for this feed material are 0.95% and 92.3% for Ni, and 
0.51% and 93.8% for Cu, respectively. 
 
With respect to cobalt recoveries, the expected average mineral resource Co grades of 
0.007% for open pit material and 0.005% for underground mineralization are well below 
those of the metallurgical samples used and therefore the metallurgical model cannot be 
used to estimate recoveries at these low grades.  For the purposes of the preliminary 
assessment Micon suggests using a metallurgical recovery of 40% for Co. 
 
A bulk concentrate would be produced containing 10 percent  Ni and 6 percent Cu. 
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The total estimated capital expenditure for the non-oxide processing and tailings facility 
is $71.2 million comprising $49.3 million of direct costs and $21.9 million of indirect 
costs, including a 15% contingency. 
 
The estimated order of magnitude unit process operating cost for the 2,800 t/d processing 
facility is approximately $11.69/t milled.   
 
 
Infrastructure and G&A  
 
The main infrastructure required for the mine includes a 7 kilometre access road from the 
old Maybrun Mine to the Kenbridge site; site roads; mine maintenance shop; warehouse 
and laydown yard; mine dry/administration office building; power line; water supply 
system and sewage disposal site. 
 
Total capital expenditures for project infrastructure are approximately $17.2 million (with 
a 15% project contingency included).  The largest component costs are $6.5 million for 
the powerline and power distribution system and $2.4 million for access road 
construction. 
 
The surface services manpower costs total $342,000 per annum. The general and 
administration operating costs are estimated to be approximately $2.8 million per year of 
which $1.8 provides for staff salaries and benefits.  
 
 
Manpower 
 
The Kenbridge operation would employ a total of 131 employees during open pit mining 
and 132 employees during underground mining phases, plus approximately 15 to 20 
contractor employees. 
 
 
Capital Expenditures and Operating Costs 
 
The estimated project preproduction capital expenditures, for the 2,800 tonnes per day 
operation, inclusive of a 15 percent contingency is approximately $107.2 million.  The 
total life of mine sustaining capital outlay would be approximately $45.5 million 
 
 
Financial Analysis 
 
The Preliminary Assessment portion of this report has a level of accuracy of +/- 25 
percent for all aspects, except the processing plant which is order of magnitude accuracy.  
This Preliminary Assessment study includes the use of Inferred Mineral Resources that 
are considered too speculative geologically to have economic considerations applied to 
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them that would enable them to be categorized as Mineral Reserves.  Therefore, there is 
no certainty that the results predicted by this Technical Report and the Preliminary 
Assessment will be realized.  This Technical Report and the Preliminary Assessment also 
speculates on the impact of exploration success on the project economics.  This 
speculation is intended to provide Canadian Arrow Mines Ltd. with direction for future 
exploration only.   
 
The project investment and PRE-TAX returns for the base case prices would provide 
potential IRR’s  of  22%  and  NPV’s  of  $86  million  and  $48 million at 5 and 10 percent 
discount rates, respectively.    
 
At nickel prices higher by 20% (approximating the 2 year moving average price) and 
lower by 20% and equivalent copper prices changes, the project investment and returns 
would provide an IRR in the range of 40% to -1%.   Increases in capital and operating 
costs in the order of 15% reduce  IRR’s  to  18% and 16% respectively, for the base case 
metal prices. 
 
 
RECOMMENDATIONS 
 

1. Proceed with a Bankable Feasibility Study for completion in 2010.  Table 20.1 
presents a preliminary potential budget for a Feasibility Study as a guideline 
with the expenditures required totalling $3.5 million. 

 
1. In moving the Kenbridge Project toward potential production, priorities 

should be: 
 

Geology 
 

a) Continued exploration on the property to improve/upgrade the existing 
mineral resources and expand mineral resources. 

 
Mine 
 

b) A comprehensive geotechnical programme should be instituted as 
soon as possible, through engaging of a geotechnical consultant, to 
improve rock mechanics information for potential open pit slope 
stability and underground openings span parameters.  It would also 
provide geotechnical information on possible facilities sites. 

 
c) Identify other potential long lead time order and delivery items 

(headframe, mine hoists and SAG mill already identified) which are 
on the project critical path and expedite decision making on 
purchasing these items.  
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Metallurgy and Processing 
 

d) Further optimization tests should be undertaken using representative 
samples of Kenbridge mineralization.   Once the optimum flotation 
process has been defined on this material, the flowsheet should be 
tested using a wide range of samples that represent the mineral 
resource both mineralogically and spatially. 
 

e) Additional grinding and crushing tests need to be undertaken so that 
the comminution circuit design can be confirmed. 

 
f) Future testwork should assess potential deleterious elements and 

mineral species that could be detrimental to the marketing of the final 
product.   

 
g) A simple scoping study should be conducted to compare the benefits 

of producing a bulk concentrate or two separate copper and nickel 
products.  This desk-top study should be undertaken prior to any 
additional metallurgical work. 

 
Infrastructure 
 

h) Discussions with Hydro One should commence early in the project 
Feasibility Study stage to determine the feasibility of installing a 
powerline and connection to the Ontario power grid.  This is because 
dealings with Hydro One can be lengthy and complicated, depending 
on the project and its requirements.     
 

Environmental Studies 
 

i) Complete baseline studies and an EIA in a timely manner. 
 
j) Acid base accounting (ABA) tests  performed on representative waste 

rock samples to better determine potentially acid generating rock and 
the waste stockpile(s) design and operational requirements.  This will 
determine whether a special base with or without a lining, to prevent 
groundwater contamination will be required as well. 
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1.0     INTRODUCTION 
 
 
In September 2009 Canadian Arrow Mines Ltd. (Canadian Arrow) initiated an update to 
their original Preliminary Assessment study of February 2008 using the same group of 
consultants (except P&E Mining Consultants Inc. assumed all geological resource 
calculations work from SRK Consultants) that prepared the original Preliminary 
Assessment. 
 
This Preliminary Assessment report presents an updated resource estimate using updated 
metals prices and costs and mine plans adjusted to reflect the latest geological resource.  
This report also summarizes the results of metallurgical testing carried out since the 
original study in 2008.    
 
All data and information is presented in metric units.  For this report the following 
conversion factors were used: 
 
 2.47 acres  = 1 hectare      0.4047 hectares = 1 acre 

3.28 feet  = 1 metre      0.3048 metres = 1 foot 
 0.62 miles  = 1 kilometre      1.609 kilometres = 1 mile 
  
 1.102 tons (short) = 1 tonne       0.907 tonnes = 1 ton 
  
  
Abbreviations 
 
      
     aver.  average 
     cm  centimetres 
     Cu  copper  

g  grams 
     ha  hectares 
     km  kilometres 
     kW  kilowatt 

m   metres 
     mW  megawatt 

Ni  nickel 
     t  tonne 
     tr  trench 
     !  greater than 
 
All financial information is expressed in Canadian dollars ($) unless noted. 
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2.0  DISCLAIMER 
 
This Technical Report was prepared for Canadian Arrow Mines Ltd. by independent 
consultants.  The work undertaken by the consultants was conducted by persons who are 
“Qualified  Persons”  as  defined  by  NI  43-101.  The Preliminary Assessment undertaken 
by the independent consultants was managed, except, for the geology aspects (managed 
by Canadian Arrow), by Project Manager, Malcolm K. Buck, P.Eng., who, as defined by 
NI 43-101,  is  a  “Qualified  Person”. 
 
The presentation of collected drilling and surface exploration data from Canadian Arrow 
Mines  Ltd.’s  Kenbridge  Project  near Kenora, Ontario, Canada, used information obtained 
from (i) Falconbridge Limited (now Xstrata Nickel) (ii) Canadian Arrow Mines Ltd. with 
respect to property rights and ownership obligations and (iii,) geological, drilling and 
assay data collected directly by Canadian Arrow Mines Ltd.  
 
The updated mineral resource estimate sections of this report use information and backup 
information prepared by P&E Mining Consultants Inc.    
 
The Preliminary Assessment portions of this report use information contained in a report 
entitled   “Updated Preliminary Assessment Study for the Kenbridge Project, Kenora, 
Ontario, Canada”  for  Canadian Arrow Mines Ltd. and dated October 2008.  This report is 
available at Canadian Arrow Mines Ltd. offices for inspection.   
 
A site visit was undertaken in June 2008.  The shaft still cannot be accessed for 
inspection except by creating an opening in the concrete cap (left for the feasibility study 
stage).  
 
The Preliminary Assessment portion of this report has a level of accuracy of +/- 25 
percent for all aspects of the project, except the processing plant which is order of 
magnitude accuracy.  This Preliminary Assessment study uses Inferred Mineral 
Resources that are considered too speculative geologically to have economic 
considerations applied to them that would enable them to be categorized as Mineral 
Reserves.  Therefore, there is no certainty that the results predicted by this Technical 
Report and the Preliminary Assessment will be realized.  This Technical Report and the 
Preliminary Assessment also speculates on the impact of exploration success on the 
project economics.  This speculation is intended to provide Canadian Arrow with 
direction for future exploration only.   
 
Prior to a Pre-Feasibility Study or Feasibility Study, there are a number of programmes 
and investigations to be performed in order to achieve the level of confidence and support 
required by such studies.  The extent of recommended programmes and investigations are 
outlined in Section 19 of this report. 
 
This Technical Report and the Preliminary Assessment study documents the 
qualifications and assumptions made by the qualified persons.  The independent 
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consultants preparing this Technical Report and Preliminary Assessment study, believe 
that all information is reliable and confirmation of information has been undertaken to the 
extents possible (subject to the conditions and limitations set forth herein), however none 
of the consultants involved in the work can fully guarantee the accuracy of all 
information.         
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3.0 LOCATION & ACCESS  
 
3.1 LOCATION 
 
The Kenbridge property is located in the north-central part of the Atikwa Lake area and 
the south-central part of the Fisher Lake area, Kenora Mining Division approximately 70 
kilometres east-south east of the town of Kenora, Ontario (Figure 3.1).   
 
The area is well serviced with good road connection to Kenora and from there to the rest 
of Canada via the Trans Canada Highway.  The main Canadian Pacific Railway line 
(Figure 3.2) also passes through Kenora connecting the area to the east and west coast 
ports and could facilitate shipment of concentrate from a mine to overseas smelters and 
refineries.     
 
The property is situated between the southwest bay of Populous Lake, Betula Lake and 
Empire Lake. The centre of the Kenbridge property is situated at 93o38’  W  Longitude  and  
49o29’  N  Latitude. 
 
 
3.2 ACCESS 
 
Access to the property is best achieved by float or ski equipped aircraft from either 
Kenora or Nestor Falls, Ontario. A good, well-maintained, all weather logging road 
connects the former producing Maybrun mine, located 7 kilometres to the south of 
Kenbridge, with Highway 71.  
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Figure 3.1.  Kenbridge Property Location. 
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Figure 3.2.  Railway Network. 
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4.0 PHYSIOGRAPHY & CLIMATE 
 
 
4.1 PHYSIOGRAPHY 
 
Topography in the area is generally quite gentle with elevations ranging from 360 to 430 
metres above sea level. The area is covered by a mixed forest of mostly spruce, poplar 
and birch, with cedar swamps and related vegetation in low-lying wet areas and along the 
numerous lakes, rivers and ponds. 
 
 
4.2 CLIMATE 
 
The project area is in a temperate zone with an annual precipitation exceeding 100 
millimetres. Temperatures range between -40oC in the winter to +30oC in the summer.   
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5.0 PROPERTY DESCRIPTION AND OWNERSHIP 
 
 
5.1 OWNERSHIP 
 
The Kenbridge property consists of 24 patented mining claims held by Kenbridge Nickel 
Mines Limited (KNM) and 50 patented mining claims held by Blackstone Ventures Inc., 
the claims are shown in Figure 5.1.  All claims are contiguous. Annual mining taxes for 
the claims total approximately $1,780.00. Kenbridge Nickel Mines Limited was a private 
company with Falconbridge Limited holding 97.3%. Blackstone has since completed 
three additional purchases to increase its ownership of KNM to 99.1%. The remaining 
0.9% is held by persons deceased or unknown.  
 
 
5.2 OWNERSHIP OBLIGATIONS 
 
Under   the   terms  of   the  agreement   to  acquire  Blackstone’s   interest   in  Kenbridge  Nickel  
Mines  Limited  (“KNB”),  and  the  50  wholly  owned,  patented mining claims in the area, 
Canadian Arrow will issue 2,500,000 units in its capital stock to Blackstone. Each unit 
consists of a common share and a one year common share purchase warrant in which 
each warrant entitles Blackstone to purchase one further common share with each warrant 
having an exercise price equal to 125% of the trading price of the common shares of 
Arrow on the day prior to the issuance. In addition, Canadian Arrow has agreed to spend 
$9 million in exploration and development of the property by December 31, 2010 and 
make a one time payment to Blackstone of $1,000,000 by 2012. Canadian Arrow also 
assumes the terms of the underlying Sale and Purchase Agreement between Blackstone 
and Falconbridge, signed in June 2004. In that agreement, should Blackstone expend less 
than $5 million or less than $3 million on the property by December 31, 2010, then 
Falconbridge will be granted a right to a 51% or 75% interest in the property, 
respectively. Falconbridge will retain a one-time back-in right to acquire a 51% interest 
in any new deposits found on the property, outside of the known historical resource area, 
where tonnage exceeds 10 million tonnes and metal grades indicate economic viability at 
the time of the assessment. In order to exercise the back-in, Falconbridge is required to 
expend two times the amount that Blackstone expended on the new discovery within a 
two-year period. Falconbridge may elect to increase their interest to 70% by completing a 
bankable feasibility study. Falconbridge shall be entitled to receive concentrates from the 
property at commercial purchase rates and shall be entitled to a net smelter royalty in any 
deposit in which it is not an active participant. The net smelter royalty payable shall be: 
1% if nickel is below $4.00 per pound; 1.5% for nickel between $4.00 and $4.50; 2% 
from $4.50 to $5.00; and 2.5% if nickel is over $5.00. 
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Figure 5.1.  Kenbridge Property Claims. 
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6.0 GEOLOGICAL SETTING 
 

 
6.1 REGIONAL GEOLOGICAL SETTING 

The regional geological setting surrounding the Kenbridge project is characterized as a 
Precambrian metavolcanic sequence with coeval ultramafic-mafic intrusions and post 
deformation intermediate-felsic intrusions (Figure 6.1). 

The Kenbridge deposit and its host rock sequence, lies between two granitic bodies, the 
Flora Lake pluton to the west, and the Atikwa batholith to the east. The intervening rocks 
are mainly composed of a sequence of intermediate to mafic volcanic rocks intruded by 
gabbro and numerous dikes that coincide with a prominent northeast-trending deformation 
zone. The exposure of the Flora Lake pluton is roughly elliptical with a length of 5.6 km and 
a width of 3.2 km. The pluton is zoned from an outer rim of monzodiroite to monzonite to a 
core of granite (Davies, 1973) with a strong positive magnetic signature associated with the 
outer part. The Atikwa batholith covers an area of 2,000 square kilometres and is composed 
of inner and outer zones. The inner zone consists of weakly foliated quartz diorite and 
trondhjemite while the outer zone is a heterogeneous diorite with abundant inclusions and 
xenoliths of basalt and gabbro 

The proximity of the granitic intrusions to Kenbridge has resulted in varying degrees of 
hydrothermal and contact metamorphic alteration and recrystallization of the rocks. 

 

6.2 PROPERTY GEOLOGY 

The Kenbridge nickel deposit is hosted by an oval shaped gabbroic suite and has a distinct 
“pipe”   appearance.   Interpretation   of   outcrop   lithological   information   is   complicated   by  
deformation and metamorphism (regionally up to upper greenschist facies and with 
overprints of local contact metamorphism), and limited exposure within the project area. 
Extrusive and intrusive rock types are found on the property with associated nickel sulphide 
mineralization. The following descriptions of the geology of the Kenbridge project have 
been   extracted   from   Keast   and   O’Flaherty   (2006),   who   summarized   previous   detailed  
outcrop mapping and reports: 

 

Mafic   volcanic   rocks   or   “greenstones”   are   described as the oldest rocks of the project 
area. The volcanic rocks are predominantly andesitic to basaltic in composition and 
include both flow and pyroclastic units. A variety of textures and compositions were 
noted in the Falconbridge outcrop mapping and notes  (circa  1950’s)  but  metamorphism  
and alteration combined with the lack of observed contacts resulted in poor definition of 
this group of rocks. A difficulty in distinguishing basalt from gabbro has been noted in 
some of the field reports. The volcanic sequence is intruded by gabbro, granite and quartz 
diorite and by the mafic-ultramafic breccias of the Kenbridge deposit.  



 

 
Kenbridge Project, Kenora, Ontario Updated Preliminary Assessment Study 

18 

 

 

 

 
 

 

 
 

Figure 6.1.  Simplified regional geological setting of the Kenbridge Project. 
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Seven gabbroic groups were   distinguished   including   the   Kenbridge   “ore   zone”   mafic  
body. The occurrence of gabbroic rocks within younger granitic intrusions, probably 
represent rafts within the granites. Tight folding is noted at the contact of the host 
gabbroic intrusive and the country rock volcanics, often in association with the talc 
schists (Figure 6.2). The gabbros range from fine-grained (probable chilled) to medium-
grained with a massive texture to highly sheared and schistose (Figure 6.3), particularly 
near the granitic pluton contacts and fault zones. 

 

Pyroxenite phases and peridotite to pyroxenite bands occur locally. Massive magnetite 
bands have been reported in the more mafic parts. Diorite bodies occurring within the 
project area have been interpreted as a marginal phase of the gabbroic suite.  

Felsic dikes are interpreted as the youngest rocks of the project area intruding the 
granites, volcanic rocks, and the gabbroic suites. There are a variety of dike compositions 
and textures but these likely represent just two magmatic events. A majority of the dikes 
are feldspar phyric and range from feldspar megacrystic porphyry (feldspar phenocrysts 
up to 2 cm) to very fine-grained, almost aphantic. These dikes have a pale grey 
groundmass. The other dikes are more equigranular diorite to monzodiorites.  

 

Four structural trends have been recorded and reflect both syn- and post- gabbro intrusive 
events. Northeast-trending lineaments are the most prominent in the Kenbridge area and 
are reflected in the shearing and faulting of the rocks. The Kenbridge deposit coincides 
with the main northeast-trending deformation zone. North-, east-, and northwest-trending 
lineaments are also common in the region. The east-trending lineaments appear to control 
the larger mafic-ultramafic bodies at Denmark and Overflow Lakes, located south of the 
Kenbridge deposit.  

 
Metavolcanic rocks of the area have been regionally metamorphosed to the almandine-
amphibolite facies and locally retrograded to the greenschist facies co-incident with 
intense shearing and faulting. 

 
Rock types and their relationships with each other are complicated by wide-spread 
shearing, faulting and metamorphism. Recent detailed surface mapping at Kenbridge is 
shown in Figure 6.4. An illustration of the detailed mapping conducted by Falconbridge 
(1952 to 1957) on the 350and 500 underground development levels, showing complex 
structural and lithological relationships is shown in Figure 6.5.  

 
The Kenbridge deposit occurs within a vertically dipping, lenticular gabbro and gabbro 
breccia with surface dimensions of 250 metres by 60 metres. The deposit and host rocks 
are situated within a regional northeast-trending deformation zone. The mafic intrusive 
body is hosted by a vertically dipping volcanic sequence comprised of andesitic flows,  
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Figure 6.2.  Tight folding patterns within talc schists near the contact of the 
mineralized intrusive gabbroic body and the country rock volcanics. 
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Figure 6.3.  Strongly foliated and sheared gabbro from drillhole K05-16. 
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Figure 6.4.  Detailed surface geological map of the Kenbridge Project area (2007). 
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Figure 6.5.  Underground mapping on the 500 and 350 levels (1952 to 1957). 
 

500 Level:

350 Level:
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fragmental units and epivolcaniclastic sediments. A few hundred meters to the south of 
the deposit the host volcanic sequence hosts a thin rhyolite horizon. 

The host volcanic rocks on the western side of the deposit are mostly composed of 
medium green, strongly foliated and sheared, tuffaceous units with fragments defined by 
a lensoid banding of matrix carbonate. Volcanic rocks on the eastern side of the deposit 
are characterized by larger fragments and less foliation. Most of the fragments are fine-
grained greenstone with just subtle changes in shades of green (chlorite content) and 
interstitial carbonate that allows them to be recognized. This unit was logged as a 
volcanic breccia. Contacts between the mineralized gabbro and the enveloping volcanic 
rocks are marked by a variable thickness of talc schist (1-30 metres). The talc may or may 
not be mineralized. The geology of the mineralized gabbro is complex and is composed 
of numerous rock types and sub-types including fine to coarse grained gabbro, quartz-
phyric gabbro with 2-3 percent rounded blue quartz grains, and diorite. In the historical 
literature, terms such as anorthositic gabbro and gabbro were used but these names were 
not used during core logging. Some of the diorite may be later dikes.  

It is difficult to determine whether the gabbro is an intrusive mega-breccia with numerous 
xenoliths of aphanitc to coarse grained feldspar porphyry, diorite and fine grained 
volcanic   rock,   or   whether   it’s   just   a   complexly   folded   gabbroic   sheet   with   screens   of  
country rock that has been intruded by multiple phases of dikes.  

 

6.3 DEPOSIT TYPES  
Economic concentrations of nickel are associated with magmatic sulphide accumulations 
and weathered products of mafic-ultramafic rocks as lateritic nickel ores. Economic 
sulphide nickel deposits span a broad age range from the Achaean to Phanerozoic (2.7 Ga 
to 0.25 Ga). The largest discovered deposits to-date   is   the   Noril’sk   and   Sudbury   ore  
concentrations. Current popular theory for the formation of nickel sulphide deposits 
invokes partial melting of the upper mantle, magma fractionation, magma mixing, and 
contamination by country rock to form a separate sulphide melt from a mafic magma. 
Tectonic setting and structure are also used as a common theme, however all large nickel 
sulphide deposits also have unique characteristics that set them apart. The Kenbridge 
nickel sulphide deposit is a magmatic sulphide accumulation with tectonic, structural, and 
geological similarities to established larger deposits.  
Established nickel sulphide deposits show similarities in geological setting while 
maintaining individual distinct and unique characteristics. The main components include 
nickel-copper association, proximity to a major structure(s), mafic-ultramafic association 
and host rock, and the presence of a possible breccia feeder system.  
Several components of larger nickel sulphide deposits are recognized at Kenbridge, 
however similarities are insufficient to be uniquely correlated with any single major 
nickel deposit. The rifted tectonic setting, proximity to a major regional structure, breccia 
pipe, indications of multiple intrusive phases, and abundance of smaller mafic-ultramafic 
intrusions and nickel sulphide showings provide comparisons with larger nickel sulphide 
deposits. The deposit appears as one of several known (and perhaps additional 
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undiscovered) multiple intrusive breccia pipes that may represent the conduits of a larger 
common system associated with the regional structure. Sulphides appear to be of the high 
nickel tenor variety, with nickel/copper approximating a 2:1 ratio overall. According to 
Keast   and   O’Flaherty   (2006)   there   is   potential   to   discover   additional   similar   deposits  
along strike and/or at depth along the structural corridor which hosts the Kenbridge 
deposit.  
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7.0 MINERALIZATION 
 

Nickel sulphide mineralization in the Kenbridge project area is exposed in trenches over a 
distance of 150 metres, but the nickel-copper mineralized zone has a strike length of 
about 250 metres as indicated by drill data, although the gabbroic host rocks have a 
significantly greater extent. This mineralization has been investigated in detail on two 
underground levels at Kenbridge and with drilling to a depth of 823 metres (2700 feet). 
Mineralization (pyrrhotite, pentlandite, and chalcopyrite ± pyrite) is found as massive to 
net-textured and disseminated sulphide zones (Figure 7.1), primarily in pyroxenite, 
gabbro pyroxenite (Figure 7.2) with lesser amounts in gabbro and talc schist.  
Keast (2006) advocates a model in which the sulphides were remobilized in a breccia 
pipe conduit; this interpretation is consistent with the variable grade and less variable 
nickel/copper ratios of the deposit. Nickel grades within the deposit are proportional to 
the total amount of sulphide with massive sulphide zones locally grading in excess of 6 
percent nickel. 

Mineralized drill core samples were submitted by Blackstone to SGS Lakefield Research 
in 2006 in order to obtain an estimation of modal abundances of high grade gabbro 
(HGG) and low grade gabbro (LGG) samples. The estimated modal abundance summary 
in Table 7.1 shows the percentage modal abundance of the major sulphide minerals 
relative to the silicate minerals at the Kenbridge Project for high and low grade gabbro 
samples. 

Various mineralized occurrences occur within the vicinity of the Kenbridge Project 
(Figure 7.3): 
 

1. The Maybrun Deposit (now called Atikwa Lake property), located 
6 km south of the Kenbridge Deposit, was exploited for copper and 
gold  during  a   short  period  of   time   in   the  1950’s   and   again in the 
1970’s.      Surface  and  underground  development  work  at  Maybrun  
resulted in a partly blocked out 2,824,825 tons of rock with a grade 
of 1.18% copper, 0.08 ounce per ton gold (Davies, 1973). 

 

2. The Denmark Lake Property covers the following historical 
prospects: 

 

● Ross Creek Ni-Cu Occurrence: The showing consists of 
coarse pyrrhotite and chalcopyrite mineralization within a coarse 
grained gabbro.  Limited drilling has intersected 0.35% copper, 
0.27% nickel over 1.2 metres. 
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Figure 7.1.  Massive and disseminated sulphide mineralization (including pyrrhotite, 
pentlandite, chalcopyrite and pyrite) within altered gabbros from drillhole K07-119. 
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Figure 7.2.  Chalcopyrite- pyrite mineralization within gabbro- pyroxenite exposed 
during surface channel sampling at Kenbridge. 
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Table 7.1.  Modal abundances of major minerals in low (LGG) and high (HGG) 
grade gabbro composites. 

 

Mineral Assemblage LGG 
% 

HGG 
% 

Amphibole 28.5 28.2 
Chlorite 24.8 15.0 
Quartz 19.7 11.7 
Talc 2.9 0.7 
Pentlandite 1.2 3.4 
Chalcopyrite 0.9 1.3 
Pyrrhotite 3.1 14.9 
Pyrite 0.8 1.0 
Other 12.1 23.8 
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Figure 7.3.  Plan showing locations of reported mineral occurrences in the 

immediate surrounds of the Kenbridge Project. 
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● Green Bay Ni-Cu Occurrence: Trenching of a sulphide 
occurrence revealed pyrrhotite and chalcopyrite mineralization 
within a medium grained gabbro. 

  
● Nelson Gauthier Ni-Cu Occurrence: The showing consists 
of blebs and disseminations of pyrrhotite and chalcopyrite hosted 
by a coarse grained pyroxenite.  Limited diamond drilling here has 
intersected 0.78% copper and 0.78% nickel over a 15 metre wide 
interval. 

 
● Apex Ni-Cu Occurrence: The showing consists of 
chalcopyrite and nickeliferous pyrrhotite in a discrete gabbro 
intrusion situated at the termination of an oval shaped magnetic 
anomaly.  An unconfirmed historical resource is reported for the 
Apex Occurrence of 237,600 tonnes at 1.03% copper, 0.56% 
nickel, outlined by approximately thirteen diamond drill holes.  
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8.0      EXPLORATION 
 

8.1 EXPLORATION HISTORY 
 
Previous resource estimates relied primarily on past exploration work undertaken by past 
owners and reviewed by Canadian Arrow and SRK for the initial 43-101 compliant 
resource estimate published in the original Preliminary Assessment report of February 
2008  entitled  “Technical  Report  On  A  Preliminary  Assessment  Study  For  The Kenbridge 
Deposit,  Kenora,  Ontario,  Canada  for  Canadian  Arrow  Mines  Ltd.”.   
 
For this updated Preliminary Assessment a new resource was developed by P&E Mining 
Consultants Inc. in August 2009. 
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9.0 DRILLING 
 
From 1937 to 2008, five exploration companies performed various phases of drilling 
activities on the Kenbridge Project, (see Table 9.1). 
 
9.1
 
2007 AND 2008 CANADIAN ARROW DRILL PROGRAM 
 
In 2007 and 2008, Canadian Arrow drilled a total of 206 holes for an aggregate length of 
40,749 metres. Holes up to and including KB-07-146 were reported in the Preliminary 
Assessment dated February, 2008 entitled “Technical   Report   On   A   Preliminary  
Assessment Study For The Kenbridge Deposit, Kenora, Ontario, Canada for Canadian 
Arrow  Mines  Ltd.”.  Results for holes KB-07-147 to KB-08-197 are reported in Table 9-2 
below. 
 
At the commencement of drilling in 2007, Canadian Arrow was able to re-establish the 
original mine grid that was used during the historical surface drilling, underground 
drilling and underground development. Drill casings for many of the surface drill holes 
were left in situ and in conjunction with the historical collar plans, were relatively easy to 
relocate. 
 
Individual holes were identified by chaining from existing infrastructure (old building 
foundations) and from adjacent drill casings and comparing their locations to the 
historical drill plans, which provided an accurate representation of the surface drilling. 
 
The original mine grid baseline was re-established with cross lines established every 100 
feet, as per the historical work. In order to work in a metric coordinate system, all the 
coordinates were transferred from feet to metres (1 foot equals 0.3048 metres). During 
the 2007 Canadian Arrow drill program, intermediate lines were established at 50 foot 
intervals, and in 2008, a minimum drill spacing of 25 x 25 metres was often used close to 
surface, (on occasion, 12.5 x 12.5 metre spacing was used). A wider spacing was used at 
depth. 
 
Upon the completion of a drill setup, a marker was established and labelled with that 
particular drill hole information. In some instances casings were left in place and provide 
a permanent marker for the hole location. Canadian Arrow contracted J.D. Barnes to 
accurately survey the positions of the diamond drill holes. This work was completed with 
a real time differential GPS unit and established permanent markers. 
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Table 9.1.  Summary of Diamond Drilling by Company 
 
 

 
 
  

Company Period Type
holes metres

Coniagas 1937 Surface 35 3,048                             
INCO 1948-1949 Surface 14 3,658                             

1952-1957 Surface 53 12,579                           
1952-1957 Underground 246 15,262                           

Blackstone 2005 Surface 21 4,118                             
Canadian Arrow 2007-2008 Surface 206 40,749                           

Total 575 79,414                          

Total drilled

Falconbridge
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Table 9.2.  Kenbridge Drilling Results for Holes KB-07-147 to KB-08-197 
 
 

 
 
 
  

Drill Hole From (m) To (m) Length (m) Ni % Cu % Co %
KB-07-149 319 368 49.00 1.14 0.30 0.04

175.5 183 7.50 0.35 0.23 0.02
231.4 241 9.60 0.31 0.24 0.01

KB-07-158 196.8 209 12.20 0.31 0.27 0.01
KB-07-159 207 220.6 13.60 0.24 0.23 0.01
KB-07-160 8 12.5 4.50 0.45 0.17 0.02
KB-07-161 117.5 140.8 23.30 0.83 0.41 0.03
KB-07-163 9 21.5 12.50 0.35 0.31 0.01
KB-07-164 49.4 52 2.60 0.5 0.15 0.02
KB-07-169 200.5 206.5 6.00 0.41 0.27 0.01
KB-07-181 284.2 302 17.80 0.77 0.29 0.02
KB-07-182 320.5 349.85 29.35 0.37 0.22 0.01
KB-07-183 337.8 384.1 46.30 1.08 0.46 0.04
KB-08-184 282.5 283.5 1.00 1.26 0.58 0.05

326.3 344.1 17.80 1.22 0.35 0.03
359.8 365 5.20 0.69 0.15 0.03

KB-08-190 239.2 267 27.80 0.43 0.19 0.01
KB-08-192 327.1 339 11.90 0.31 0.31 0.01

303.6 309.7 6.10 1.06 0.55 0.04
320.2 332.3 12.10 0.33 0.15 0.01

KB-08-196 357 395 38.00 0.54 0.35 0.02
KB-08-197 426 445 19.00 0.46 0.28 0.01

KB-07-157

KB-08-185

KB-08-195
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Drill hole accuracy is in the order of 0.01 metres horizontally and 0.02 metres vertically. 
The GPS unit used was a Leica GPS1200 RTK (RTK stands for real time kinematic). 
Kinematic refers to the ability of the rover to maintain contact with the satellites while it 
is being moved around. It will track both the US GPS constellation and the Russian 
Glonass constellation of satellites. 
 
For the diamond drilling program Canadian Arrow completed single shot down the hole 
reflex tests at a spacing of 50 metres. In addition, a reflex test was taken below the casing 
to determine the initial orientation of the drill hole. 
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10.0 SAMPLING APPROACH AND METHODOLOGY 
 

Data reviewed in this study and applied for geological modeling and resource estimation 
was the product of various phases of historical and current exploration by various 
companies.  

SRK’s  review  of  all  aspects  of  sample  collection  methodology,  analysis,  quality  control  
and security was originally published in the February 2008 Preliminary Assessment 
entitled “Technical   Report   On   A   Preliminary   Assessment   Study   For   The Kenbridge 
Deposit,  Kenora,  Ontario,  Canada   for  Canadian  Arrow  Mines   Ltd.”.  All aspects were 
again reviewed by P&E Mining Consultants as part of their due diligence in preparing the 
updated resource estimate contained within this report.  P&E found no discrepancies with 
the SRK information or described procedures.   The original information presented by 
SRK is presented in the next sections for completeness.  

SRK could not review core handling, logging or sampling procedures implemented for 
the Falconbridge programs. The core from the Falconbridge exploration programs is 
stored in  external on site core racks, which after over fifty years of exposure to the 
elements have made examination (and database validation) of historical core impossible.  

Keast   and   O’Flaherty   (2006)   have   summarized   field   procedures   adopted   by   the  
Blackstone exploration team in 2005. These procedures were obtained from personal 
interviews with Blackstone exploration staff. For the Blackstone exploration program in 
2005, all drill holes were logged on site and for the first phase the NQ core was sawn and 
quartered and metallurgical samples taken.  Rapid production during the second phase of 
drilling resulted in most of the core splitters time being spent building drill pads and only 
a small amount of core was actually split on site during the drill program.   
SRK was able to review the exploration protocols of the 2007 Canadian Arrow 
exploration program during a site visit from 29 August to 01 September 2007. This 
includes all aspects of the surface mapping, channel sampling and diamond drilling. 

 

10.1 SAMPLING PROTOCOLS 
The sampling approach and methodology of the Falconbridge exploration programs has 
not been documented. It is unknown what criteria were applied to select sample intervals, 
but it is noted that some very large sample intervals occur in the historical database 
(Figure 10.1). It can be noted that the majority of the drill samples were taken over a one 
metre spacing interval (largely reflecting the Canadian Arrow samples). 
A limited insight into the Blackstone (2005) sampling approach and methodology is 
provided  by  Keast  and  O’Flaherty (2006). Since the initial Kenbridge resource estimation 
by SRK (2007), when it was noted that mineralized Blackstone core had only been 
partially sampled, Canadian Arrow have re-logged and re-sampled all relevant 
Blackstone core. This additional data is now available in the updated Blackstone 
database. 
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Summary statistics for sample lengths for the total Kenbridge drill database constrained 
within the modelled mineralized gabbroic intrusive is tabulated in Table 10.1. 

All core logging and core splitting was completed in a core tent at the Kenbridge Mine 
site.  Boxes of drill core were transported from the drill to the logging tent by ATV. The 
drill core was logged by the following CRO personnel: Todd Keast, Pat Pope, Tamara 
Tarus, Ashley Fifi, Frederick Paulus, Heather Selee and Jason Pattison.  Ongoing 
discussions and observations by the core loggers ensured consistent unit identification  
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Figure 10.1.  Histogram of sampled lengths from the total Kenbridge dataset within 

the modelled mineralized gabbroic intrusive. 
 

 

Histogram of drilled sampled lengths within mineralized 'envelope' in 
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Table 10.1  Summary Statistics for Sampled Lengths Within the Modelled 
Mineralized Gabbroic Intrusive at Kenbridge. 

 
 

 
 

Mean 1.51
Standard Error 0.02
Median 1.00
Mode 1.00
Standard Deviation 2.38
Sample Variance 5.68
Kurtosis 119.96
Skewness 9.36
Range 52.40
Minimum 0.03
Maximum 52.43
Sum 18920.58
Count 12548



 

 
Kenbridge Project, Kenora, Ontario Updated Preliminary Assessment Study 

41 

between the core loggers. The distance between the depth markers added by the drill tags 
placed at the start of a sample interval was measured and checked for misplaced markers 
and for lost core.  All logging information was recorded directly into handheld 
computers, and then downloaded into a camp database and an offsite database.  Core 
intervals identified for sampling were marked with wax crayons, with sample The sample 
length in mineralization was generally one metre or 1.5 metre; however individual 
samples were not allowed to cross lithological contacts or abrupt changes in 
mineralization. Core was split in half using a hydraulic core splitter. After splitting, core 
samples were immediately placed in plastic sample bags, tagged and recorded with 
unique sample numbers. Where possible, contiguous sample tag series were used. Sample 
intervals were recorded on sample ticket books, and later recorded on the computerized 
drill logs.  
The authors are not aware of any drilling, sampling or recovery factors that would impact 
the reliability of the core samples. The core samples are of high quality and representative 
of the material or mineralization being sampled. 
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11.0 SAMPLE PREPARATION, ANALYSES AND SECURITY 
 

11.1 SAMPLE PREPARATION AND ANALYSES 
Information regarding the historical Falconbridge sample preparation, analyses and 
procedures is not available to SRK. Summarized information regarding the Blackstone 
(2005)  program  is  documented  in  Keast  and  O’Flaherty  (2006). 

The Blackstone NQ core was used for metallurgical testing, specific gravity 
determinations as well as for analytical analyses for a pre-selected suite of elements. 
Metallurgical samples were taken from various mineralized intervals with the objective of 
representing a range of mineralization types, grades and locations from Kenbridge. 
Where metallurgical samples were taken, half of the split core was taken and packed in 
nitrogen filled sealed bags, which were then packed within airtight nitrogen filled plastic 
containers and shipped to SGS Laboratories in Lakefield, Ontario. The residual half core 
was then sawn in half (quartered) and samples were used to determine specific gravity, 
before being placed into sealed bags for shipment to SGS Mineral Services in Sudbury, 
Ontario for analyses. Quality control procedures employed include the inclusion of 
blanks and standards at pre-determined  intervals.  It  is  reported  by  Keast  and  O’Flaherty  
(2006) that insufficient blanks and standards were available on site to cater for the entire 
sampling program. 

Analyses were conducted in two phases: all samples were analysed for nickel, copper and 
cobalt by ICP-OES, following a sodium peroxide fusion. Mineralized intervals were then 
identified and samples within those intervals were analysed for platinum, palladium and 
gold by fire assay methods with atomic absorption finish and for silver by multi-acid 
digestion followed by atomic absorption. Sulphur was determined by Leco Furnace. 
Sample sizes used for analyses are not reported. Selective repeat samples were not taken. 
In addition, it is not reported whether an umpire laboratory was used for the Blackstone 
analyses. 

The SGS Mineral Services Laboratory in Sudbury is accredited to ISO 17025 by the 
Standards Council of Canada for a number of specific test procedures. 

SRK is unable to comment on the security measures in place during the sample handling 
processes during the various phases of data generation, as no information relating to this 
aspect is available. 
For the Canadian Arrow drill program, split core samples were collected and processed 
by personnel under contract to CRO and under the supervision of Todd Keast, VP 
Exploration. After splitting and bagging, the sealed individual samples were placed in 
shipping bags, which in turn were sealed with plastic tie straps. The bags remained sealed 
until they were opened by ALS Chemex or Acurassay personnel in Thunder Bay, 
Ontario.  
All samples were initially stored in the field camp to await a scheduled flight to Sioux 
Narrows. Upon arrival in Sioux Narrows the samples were loaded directly on a trailer that 
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was then locked.  Samples were then delivered to the laboratories in Thunder Bay by 
CRO personnel.   

Canadian Arrow Mines Ltd. has submitted a total of 4,901 samples to the ALS Chemex 
Thunder Bay facility since July 2007. ALS Chemex laboratories in North America are 
registered   to   ISO   9001:2000   for   the   “provision   of   assay   and   geochemical   analytical  
services”  by  QMI  Quality  Registrars.   
The preparation and analyses methods and procedures applied at ALS Chemex include 
the following:  

x For preparation, the method generally used was PREP-31 for rock 
samples;  

x For the analysis of platinum, palladium and gold, the method used 
was PGM-ICP23;  

x For multi-element analysis, the method used was ME-ICP81. For 
individual elements, method used was Ag-AA62.  

 
In addition, the sample preparation, precious and base metal analyses and quality control 
procedures implemented by Acurassay on the Canadian Arrow samples have been 
reviewed by SRK and found to conform to industry standards. Accurassay Laboratories 
uses a combination of reference materials, including reference materials purchased from 
CANMET, standards created in-house by Accurassay Laboratories and tested by round 
robin with laboratories across Canada, and ISO certified calibration standards purchased 
from suppliers.  Should any of the standards fall outside the warning limits (+/- 2SD); 
reassays will be performed on 10% of the samples analyzed in the same batch and the 
reassay values are compared with the original values.  If the values from the reassays 
match original assays the data is certified, if they do not match the entire batch is 
reassayed.  Should any of the standard fall outside the control limit (+/- 3SD) all assay 
values are rejected and all of the samples in that batch will be reassayed.  
 

11.2 QUALITY ASSURANCE AND QUALITY CONTROL PROGRAMME 
Quality control measures are typically set in place to ensure the reliability and 
trustworthiness of exploration data. This includes written field procedures and 
independent verifications of aspects such as drilling, surveying, sampling and assaying, 
data management and database integrity. Appropriate documentation of quality control 
measures and analysis of quality control data are an integral component of a 
comprehensive quality assurance program and an important safeguard of project data. 

The field procedures implemented by Falconbridge during exploration programs cannot 
be commented upon by SRK, as documentation to verify exploration aspects such as 
surveying, drilling, core handling, sampling, assaying and database creation and 
management are not available. Reference to the quality assurance and quality control 
program implemented by Blackstone during their exploration program in 2005 is made 
by  Keast  and  O’Flaherty  (2006).   
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Analytical control measures typically involve internal and external laboratory measures 
implemented to monitor the precision and accuracy of the sampling, preparation and 
assaying process. They are also important to prevent and monitor the voluntary or 
inadvertent contamination of samples. Although assay certificates and Quality Assurance 
and Quality Control Reports from SGS Laboratories in Sudbury were not available to 
SRK, it is assumed that internal and external laboratory control measures were in place. 
In addition to the inferred quality assurance measures taken by SGS Laboratories in 
Sudbury, a series of external analytical quality control measures to monitor the reliability 
of assaying results delivered by SGS Laboratories was implemented by Blackstone. A 
series of blanks and standards were inserted at approximately every 10 to 20 samples. It 
is however reported that blanks and standards were only inserted into 16 of the 21 drill 
holes of the program.  
Blank samples used at Kenbridge were taken from previously drilled gabbro units.  These 
gabbro units can contain pyrite and other mineralization, so SRK has reservations 
whether this material can effectively be used as a reliable source of blank material. The 
results  of  the  assayed  nickel,  copper  and  cobalt  ‘blanks’  is  shown  in  Figure 11.1, where 
particularly the wide variance in nickel percentage results confirms that the gabbro is not 
a  suitable  ‘blank’  sample  material. 
 
Two   ‘uncertified’   standards  were   applied   by  Blackstone.  The   results   of   the  Blackstone  
standards for nickel, copper and cobalt percentages are plotted in Figure 11.2. SRK has 
been unable to determine what the certified values of these standards were, so is unable to 
comment  on  the  deviation  of  these  results  from  these  ‘standard’  values. 
 
Three external standards were used during the Canadian Arrow core sampling program in 
2007;;   two   semi   massive   sulphide   “intermediate   grade”   materials   (LBE-1, LBE-3) and 
one   from  non  mineralized  “barren”  mafic  volcanic  material  (KNMV).  For  the  Canadian  
Arrow exploration, CRO staff added a total of 704 standards and blanks to the other 
regular drill core samples submitted for analysis.  

There were 377 KNMV blanks, 230 LBE-1 standards, and 97 LBE-3 standards.  
Standards and blanks were inserted into the drill core sample stream at irregular intervals.  
The general protocol was to insert one blank and one standard into approximately every 
15 to 20 samples.   

The accepted assay grades for LBE-1 and LBE-3 are tabulated in Table 11.1. 
Acceptable value ranges for the two standards, both for individual assays and averages 
were established using the mean and standard deviation (SD) values. The performance of 
KNMV blank was judged a failure if the result returned was greater than three times the 
detection limit.  The performance of Accurassay Laboratories and ALS Chemex are 
measured by the results of the external standards and the blanks. These are summarized in 
Figures 11.3, 11.4 and 11.5. 
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Figure 11.1.   Plot  of  the  Blackstone  ‘Blank’  Analyses  for  Nickel,  Copper                                                              
and Cobalt. 
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Figure 11.2.  Plot of the Blackstone Nickel, Copper and Cobalt Standards Assay 
Results. 
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Table 11.1.  Reference Grades for Standards LBE-1 and LBE-3. 
 

Standard Ni% Cu% Co% 
LBE-1                1.09 0.07 0.01 

LBE-3 1.54 0.78 0.06 
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Figure 11.3.  Plot of the Canadian Arrow Blank KNMV-Ni 
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Figure 11.4.  Plots of the Canadian Arrow Nickel standards LBE-1 and LBE-3 
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Figure 11.5.   Plots of the Canadian Arrow Copper standards LBE-1 and LBE-3 
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The results show that the reported assays have fair precision, and that contamination and 
sample switching are not significant.  CRO imports assay results into a DH Logger 
database on a per assay certificate basis.  QA/QC control sheets are automatically 
generated for each certificate import.  Control charts are reviewed and laboratory 
precision, contamination, or sample switching problems are identified and addressed 
punctually. 
 

11.3 SPECIFIC GRAVITY DATABASE 
Specific gravity measurements were collected during the Blackstone core drilling 
program in 2005. No reliable specific gravity data exist for any of the previous historical 
drilling programs. 

A total of 588 determinations are available for the Kenbridge project. These are all 
assigned to a single weathering profile with no geo-domain differentiation. The statistics 
of this dataset is summarized in Table 11.2. 
A histogram of the resultant specific gravity data is shown in Figure 11.6. It is significant 
to note that specific gravity measurements were only taken for mineralized samples. As 
no distinct weathering surfaces were logged, an average of 2.95 has been applied for 
mineralized samples in this study. No specific gravity data is available from the other 
historical exploration programs. 

A plot highlighting the relationship between nickel grade and specific gravity is shown in 
Figure 11.7. A linear relationship can be established characterized by the equation: 
Specific gravity = 0.167 x (Ni %) + 2.8583. The correlation coefficient between these 
two variables is 0.7569. 

To verify the quality of the Blackstone specific gravity dataset, Canadian Arrow selected 
a set of forty one samples for re-analyses at SGS Lakefield Laboratories. The results of 
this reconciliation are presented in Figure 11.8. Although the two sources of specific 
gravity yield similar average values, the inter-sample correlation coefficient (R2) is 0.46. 

Both specific gravity analyses were conducted by water immersion methodologies. The 
apparent low correlation could be attributed to the use of different lengths of sample from 
within the same sample measured core interval. 
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Table 11.2.  Statistics of the Specific Gravity Database Considered for Resource 
Estimation. 

 
Mean 2.95 
Standard Error 0.01 
Median 2.93 
Mode 2.94 
Standard 
Deviation 0.18 

Sample 
Variance 0.03 

Kurtosis 18.60 
Skewness 3.26 
Range 1.89 
Minimum 2.64 
Maximum 4.53 
Sum 1735 
Count 588 
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Figure 11.6.  Histogram of Specific Gravity Data for the Blackstone Dataset. 
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Figure 11.7.  Scatter Plot Showing the Relationship Between SG and Ni% from the 

Blackstone Drilling Dataset. 
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Figure 11.8.  Reconciliation Plot Between Blackstone and SGS Lakefield Specific 
Gravity Data. 
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12.0 DATA VERIFICATION 
 

12.1 HISTORICAL DATA VERIFICATION  
It is good practice for exploration staff to implement field procedures designed to verify 
the collection of exploration data and to minimize the potential for inadvertent data entry 
errors. SRK was unable to comment on the procedures adopted by Falconbridge and 
Blackstone. No record is available of the procedures adopted by these companies to 
undertake data verifications. 
 

12.2 CONTROL SAMPLING ASSAY PROTOCOLS 
Control sampling procedures include the techniques such as the following: 

 

x Validation of the assay results in the database compared with the 
original assay certificates; 

x Taking replicate core samples from a second split of the pulverized 
sample at the laboratory; 

x Duplicate analyses of selected samples; 
x Sieve tests to verify the grinding on the pulp required for assaying; 
x Insertion of routine blank samples to check for possible sample 

contamination during the preparation and assaying process; 
x Application of appropriate grade certified control samples 

(standards); 
x A check assaying program with an umpire laboratory. 
 

Canadian Arrow (which contributes the largest part of the resource estimation dataset) 
adopted a strict and well maintained QAQC program which has ensured reliable data 
inputs. 

 

12.3 INDEPENDENT VERIFICATIONS 
During the site visit to Kenbridge, SRK was able to verify many of the historical 
Blackstone drill collars positions in the field as well as reviewing the latest phase of 
Canadian Arrow diamond drilling procedures. In addition, SRK selected various drill 
holes from the Canadian Arrow program for high level logging which was compared to 
database information. Generally logging compared well. Canadian Arrow has re-logged 
the all the Blackstone core to ensure logging consistency. In addition, all previously 
unsampled mineralized intervals have been sampled.  
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Assay results were compared to actual core intersections and a good correlation between 
sulphide mineralization and higher grades was observed. SRK did not consider it 
necessary to take additional independent core samples for comparative analyses. 
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13.0 ADJACENT PROPERTIES 
 

The areas surrounding the Kenbridge Project have experienced minor prospecting 
activities including geological mapping and diamond drilling with minor discoveries of 
sulphide mineralization.   Adjacent properties are shown in Figure 13.1.  
 
The Atikwa Lake (also known as Maybrun) copper-gold prospect, owned by Opawica 
Exploration is located approximately 7 km south of Kenbridge.  Atikwa Lake has a NI 
43-101compliant  resource estimate of 7.3million tonnest grading 0.64 grams per tonne 
Au and 0.41% Cu of Indicated mineralization and 10.6 million tonnes grading 0.88 grams 
per tonne  Au and 0.22% Cu of Inferred (Golder Associates, 2009).  
 
Further south is the Caribou Lodge property, a nickel-copper property discovered by 
Canadian Arrow Mines in 2008. Drilling at Caribou Lodge returned 24.6 metres grading 
0.35% Ni, 0.36% Cu, 0.20 gpt Pt, 0.10 gpt Pd, including a 2.6m interval grading 1.72% 
Ni, 0.86% Cu, 0.06% Co, 0.39 gpt Pt and 0.13 gpt Pd.    
 
Other adjacent properties include the Apex nickel-copper, Ross Creek copper and Green 
Bay copper prospects, all located south of Kenbridge in the Denmark Lake group of 
mineral claims. These mineral occurrences, which are also shown in Figure 13.1 for 
reference, are not related to the Kenbridge Project and do not form part of this technical 
report. 
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Figure 13.1.  Adjacent Properties.  
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14.0 MINERAL PROCESSING, MINERALOGY AND METALLURGICAL 

TESTING 
 
All past metallurgical testwork up to the February 2008 Preliminary Assessment report is 
presented in that report entitled “Technical  Report  On  A  Preliminary  Assessment  Study  
For The  Kenbridge  Deposit,  Kenora,  Ontario,  Canada  for  Canadian  Arrow  Mines  Ltd.”.   

Following completion of the February 2008 PA further ongoing testowrk studies have 
been conducted.  Work since February 2008 is summarized in the Section entitled 
Processing and Tailings of this report. 
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15.0 MINERAL RESOURCE ESTIMATES 
 

Falconbridge Mining completed two estimates of the mineral resource at the Kenbridge 
deposit. These estimates include undocumented resource estimation in 1957 and another 
by G.M. Archibald in 1970.  These resource estimations were historical estimates being 
prepared prior to the formulation of NI43-101 protocols. In March 2007, a NI43-101 
compliant resource was estimated by SRK which presented a new resource model for the 
Kenbridge deposit and which superseded the previous two estimates.  These resource 
estimates are presented in the February 2008 report entitled “Technical   Report   On   A  
Preliminary Assessment Study For The Kenbridge Deposit, Kenora, Ontario, Canada for 
Canadian  Arrow  Mines  Ltd.”.   

This section summarizes the data and parameters used by P&E Mining Consultants to 
estimate the August 2008 updated mineral resources for the Kenbridge deposit.  

 
The purpose of this section of the report is to delineate the Kenbridge Deposit Resources 
in compliance with NI 43-101 and CIM standards.  This resource estimate was 
undertaken by Eugene Puritch, P.Eng. and Antoine Yassa, P.Geo. of P&E Mining 
Consultants Inc. of Brampton Ontario along with the assistance of Todd Keast, P.Geo., 
V.P. Exploration for Canadian Arrow Mines Ltd.  The effective date of this resource 
estimate is August 6, 2009.   
 
15.1 DATABASE 
 
All drilling data was provided by Canadian Arrow in the form of Microsoft Excel files, 
drill logs and assay certificates.  Twenty three (23) drill cross sections were developed on 
a local grid on a nominal 15 metre spacing and named 12,207-N to 12,537-N.  A 
Gemcom database was constructed containing 46 surface channels, 246 underground and 
239 surface diamond drill holes.  Of the preceding, 34 channel samples, 205 surface and 
201 underground diamond drill holes were utilized in the resource calculation. The 
remaining data were not in the area that was modelled for this resource estimate.  Due to 
more reliable assaying from recent Canadian Arrow drilling, old Falconbridge drill holes 
were not used in the open pit resource modeling. A surface drill hole and channel sample 
plan and underground drill hole plans are presented in Appendix 1. 
 
The database was validated in Gemcom with minor corrections required.  The Assay 
Table of the database contained 16,847 assays for Ni and Cu and 13,172 assay for Co.  
All data are expressed in metric units and grid coordinates are in a local system. 
 
15.2 DATA VERIFICATION 
 
Verified assay data for use in the Gemcom database was provided by Todd Keast, P.Geo. 
Vice President of Exploration for Canadian Arrow Mines Ltd. 
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15.3 DOMAIN INTERPRETATION 
 
Domain boundaries were determined from lithology, structure and NSR boundary 
interpretation from visual inspection of drillhole sections.  Four domains were developed 
Pit Main, UG Main, UG West and UG East.  The UG East domain was derived from one 
drill hole and constituted only a few thousand tonnes and was dropped from the resource 
estimate due to its size and non inferred category coding. These domains were created 
with computer screen digitizing on drill hole sections in Gemcom by P&E.  The outlines 
were influenced by the selection of mineralized material with NSR’s of greater than 
$13/tonne for the open pit resource model area above 1,360 elevation and an NSR greater 
than $54/tonne for the underground resource model area below 1,360 el.  In addition to 
the NSR value constraint, the mineralization to be constrained also had to demonstrate 
zonal continuity along strike and down dip.  In some cases, mineralization below the 
constraining NSR value was included for the purpose of maintaining zonal continuity.  
Smoothing was utilized to remove obvious jogs and dips in the domains and incorporated 
a minor addition of inferred mineralization.  This exercise allowed for easier domain 
creation without triangulation errors from solids validation. 
 
On each section, polyline interpretations were digitized from drill hole to drill hole but 
not extended more than 30 metres into untested territory.  The minimum constrained true 
width for interpretation was 2.0 metres.  The interpreted polylines from each section were 
“wireframed”   in  Gemcom   into   3-dimensional domains.  The resulting solids (domains) 
were used for statistical analysis, grade interpolation, rock coding and resource reporting 
purposes.  See Appendix 1. 
 

 
15.4 ROCK CODE DETERMINATION 
 
The rock codes used for the resource model were derived from the mineralized domain 
solids.  The list of rock codes follows: 
 
 

Rock Code Domain Description 
 
 

0      Air 
10      Pit Main 
20      U/G Main 
30      U/G West 
40      U/G East 
99      Waste Rock 
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15.5 COMPOSITES  
 
Length weighted composites were generated for the drill hole data that fell within the 
constraints of the domains listed above.  These composites were calculated for Ni, Cu and 
Co over 1.5  metre lengths starting at the first point of intersection between assay data 
hole and hanging wall of the 3-D zonal constraint.  The compositing process was halted 
upon exit from the aforementioned constraint.  Un-assayed intervals were assigned a ½ 
assay detection limit value.  Any composites calculated that were less than 0.4 metres in 
length, were discarded so as to not introduce a short sample bias in the interpolation 
process.  The composite data were transferred to Gemcom extraction files for the grade 
interpolation as X, Y, Z, Ni, Cu and Co files for each domain. 
 
 
15.6 GRADE CAPPING 
 
Grade capping was investigated on the raw assay values in the combined domains to 
ensure that the possible influence of erratic high values did not bias the database.  
Extraction files were created for constrained Ni, Cu and Co data within each mineralized 
domain. From these extraction files, log-normal histograms were generated. Refer to 
Appendix 1 for graphs.  The results are summarized in Table 15.1. 
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Table 15.1:   Grade Capping Values 
  
Pit Main Domain 
Element Capping 

Value 
Number of 

Assays 
Capped 

Cumulative 
Percent for 

Capping 

Raw 
Coefficient 

of Variation 

Capped 
Coefficient of 

Variation 
 Ni % No Cap 0 100 1.81 1.81 
Cu % 5.0 12 99.9 1.71 1.62 
Co % No Cap 0 100 1.36 1.36 

 
UG Main Domain 
Element Capping 

Value 
Number of 

Assays 
Capped 

Cumulative 
Percent for 

Capping 

Raw 
Coefficient of 

Variation 

Capped 
Coefficient of 

Variation 
 Ni % No Cap 0 100 1.34 1.34 
Cu % No Cap 0 100 1.07 1.07 
Co % No Cap 0 100 1.32 1.32 

 
UG West Domain 
Element Capping 

Value 
Number of 

Assays 
Capped 

Cumulative 
Percent for 

Capping 

Raw 
Coefficient of 

Variation 

Capped 
Coefficient of 

Variation 
 Ni % 2.5 6 98.1 1.02 0.90 
Cu % 1.5 2 99.4 0.83 0.82 
Co % No Cap 0 100 0.58 0.58 
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15.7 VARIOGRAPHY  
 
Variography was carried out on the constrained domain composites within each of the 
three domains to be modeled.  Successful anisotropic Ni variograms were developed for 
the Pit Main domain composites, however, only omnivariograms could be developed for 
the Pit Main Cu and Co composites as well as all elements in the UG Main domain.  The 
UG West domain had insufficient data to develop any discernable variograms. Future 
infill drilling will most likely enhance variography in the UG West domain.  Variograms 
can be seen in Appendix 1. 
 
15.8 BULK DENSITY 
 
The bulk density used for the resource model was derived from measurements of test 
work on 175 samples by Accurassay Laboratories of Thunder Bay Ontario.  
Representative samples obtained by P&E of the mineralized zones of the deposit in May 
2008 confirmed the results of the Accurassay testwork.  A bulk density block model was 
created with a simple spherical search ellipse with a resulting average value of 3.08 
tonnes  per cubic metre.  
 
15.9 BLOCK MODELING 
 
The resource model was divided into a 3D block model framework.  The block model 
had 5,189,184 blocks that were 5m in the X direction, 5m in the Y direction and 5m in 
the Z direction.  There were 156 columns (X), 176 rows (Y) and 189 levels.  The block 
model was not rotated.  Separate block models were created for rock type, density, 
percent, class, Ni, Cu and Co.  
 
The percent block model was set up to accurately represent the volume and subsequent 
tonnage that was occupied by each block inside the constraining domain.  As a result, the 
domain boundaries were properly represented by the percent model because of its ability 
to measure infinitely variable inclusion percentages within a particular domain. 
 
The Ni, Cu and Co composites were extracted from the Microsoft Access database 
composite table into separate files for each Mineralized Domain.  Inverse distance 
squared (1/d2) grade interpolation was utilized.   
 
There were three interpolation passes performed on the Pit Main Domain for each 
element, the first for measured, the second for indicated and the third the inferred 
classification. The remaining UG Main and UG West domains all had two interpolation 
passes for each element for the indicated and inferred classifications. 
 
NSR values were developed from the resulting Ni, Cu and Co blocks and were coded into 
the block model with a manipulation script. 
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The resulting Ni, Cu and NSR blocks can be seen on the block model cross-sections and 
plans in Appendix 1.  The grade blocks were interpolated using the parameters shown in 
Table 15.2.  
 
15.10 RESOURCE CLASSIFICATION 
 
For the purposes of this resource, classifications of all interpolated grade blocks were 
determined from the Ni interpolations for measured indicated and inferred, due to Ni 
being the dominant revenue producing element in the NSR calculation.  See block model 
classification cross-sections and plans in Appendix 1.  
 
 
15.11 RESOURCE ESTIMATE 
 
The resource estimate was derived by applying a $13 per tonne NSR cut-off value to the 
block model above 1,360 elevation for open pit resources and a $54 per tonne NSR cut-
off value below 1,360 elevation for underground resources. The following calculations 
demonstrate the rationale supporting the NSR cut-off grade that determines the 
potentially economic portion of the mineralized domains:  
 
NSR Cut-Off Grade Calculation Components (All currency $C unless stated 
otherwise) 
 
$C/$US (Exchange Rate) US$0.90 
Ni Price US$7.50/lb  
Cu Price US$2.50/lb 
Co Price US$25/lb (not utilized in NSR calculation)  
Ni Flotation Recovery 84%  
Cu Flotation Recovery 92% 
Concentration Ratio 31:1 
Ni Smelter Payable 92%   
Cu Smelter Payable 89%   
Ni Refining Charges $US 0.60/lb     
Cu Refining Charges $US 0.40/lb   
Smelter Treatment Charges US$215/tonne ($215/103/.90 = C$7.71/ore tonne milled) 
Concentrate Moisture Content 8% 
Concentrate Shipping $105/tonne ($105/31 x 1.08 = $3.66 ore tonne milled) 
Concentrate Moisture Content 8% 
Net Smelter Royalty                     2.5% 
 
The above data were derived from the Preliminary Assessment completed in February 
2008 and subsequent metallurgical testing at SGS Lakefield. 
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Table 15.2: Block Model Interpolation Parameters 
 

 
Pit Main Domain Ni 
 

Profile 
Dip 
Dir. 

Strike Dip 
Dip  

Range (m) 

Strike 
Range 

(m) 

Across Dip 
Range (m) 

Max #       
per Hole 

Min # 
Sample 

Max # 
Sample 

Measured 115o 25o -45o 20 20 5 2 5 12 

Indicated 115o 25o -45o 40 40 10 2 3 12 

Inferred 115o 25o -45o 100 100 50 2 1 12 

 
 
Pit Main Domain Cu 
 

Profile 
Dip 
Dir. 

Strike Dip 
Dip  

Range (m) 

Strike 
Range 

(m) 

Across Dip 
Range (m) 

Max #       
per Hole 

Min # 
Sample 

Max # 
Sample 

Indicated 115o 25o -45o 10 10 10 2 3 12 

Inferred 115o 25o -45o 100 100 50 2 1 12 

 
 
Pit Main Domain Co 
 

Profile 
Dip 
Dir. 

Strike Dip 
Dip  

Range (m) 

Strike 
Range 

(m) 

Across Dip 
Range (m) 

Max #       
per Hole 

Min # 
Sample 

Max # 
Sample 

Indicated 115o 25o -45o 10 10 10 2 3 12 

Inferred 115o 25o -45o 100 100 50 2 1 12 
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UG Main & UG West Domains Ni 
 

Profile 
Dip 
Dir. 

Strike Dip 
Dip  

Range (m) 

Strike 
Range 

(m) 

Across Dip 
Range (m) 

Max #       
per Hole 

Min # 
Sample 

Max # 
Sample 

Measured 115o 25o -45o 20 20 5 2 5 12 

Indicated 115o 25o -45o 20 20 20 2 3 12 

Inferred 115o 25o -45o 100 100 50 2 1 12 

 
 
UG Main & UG West Domains Cu 
 

Profile 
Dip 
Dir. 

Strike Dip 
Dip  

Range (m) 

Strike 
Range 

(m) 

Across Dip 
Range (m) 

Max #       
per Hole 

Min # 
Sample 

Max # 
Sample 

Indicated 115o 25o -45o 20 20 20 2 3 12 

Inferred 115o 25o -45o 100 100 50 2 1 12 

 
 
UG Main & UG West Domains Co 
 

Profile 
Dip 
Dir. 

Strike Dip 
Dip  

Range 
(m) 

Strike 
Range 

(m) 

Across 
Dip Range 

(m) 

Max #       
per Hole 

Min # 
Sampl

e 

Max # 
Sampl

e 

Indicated 115o 25o -45o 10 10 10 2 3 12 

Inferred 115o 25o -45o 100 100 50 2 1 12 
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In the anticipated open pit portion of the operation, mill processing and G&A costs 
combine for a total of ($10.00 + $3.00) = $13.00/ore tonne milled which became the NSR 
cut-off value for open pit resource reporting.   
 
In the anticipated underground portion of the operation, mining, mill processing and 
G&A costs combine for a total of ($41.00 + $10.00 + $3.00) = $54.00/ore tonne milled 
which became the NSR cut-off value for underground resource reporting.   
 
NSR contribution by the various metals is as follows: 
 
Ni =[(84% Rec. x 92% Payable x 22.05 lb/t x (US$10.00/lb -US$0.60/lb 
Refining)]/$0.90=C$177.98/%/t 
Cu =[(92% Rec. x 89% Payable x 22.05 lb/t x (US$2.50/lb -US$0.40/lb 
Refining)]/$0.90=C$42.13/%/t 
 
In order for the constrained mineralization in the open pit portion of the Kenbridge model 
to be considered as a resource which is potentially economic, a first pass Whittle 4X pit 
optimization (see Appendix IX) was carried out utilizing the following criteria: 
 
Waste mining cost per tonne .............................................................. $3.00 
Ore mining cost per tonne  ................................................................. $4.25 
Ore process cost per tonne ............................................................... $10.00 
General & Administration cost per ore tonne ..................................... $3.00 
Process production rate (ore tonnes per year) .............................. 1,000,000 
Pit slopes (inter ramp angle) ............................................................ 55 deg 
Mineralized Rock Bulk Density .................................................... 3.08t/m3 
Waste Rock Bulk Density ............................................................. 2.80t/m3 
 
The resulting resource estimate is presented in Table 15.3. 
 
 
15.12 CONFIRMATION OF ESTIMATE 
 
As a test of the reasonableness of the estimate, the block model was queried at a 0.01 % 
Ni cut off grade with blocks in all classifications summed and their grades weight 
averaged.  This average is the average grade of all blocks within the mineralized 
domains.  The values of the interpolated grades for the block model were compared to the 
length weighted capped average grades and average grade of composites of all samples 
from within the domains.  Results are presented in Table 15.4. 
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Table 15. 3:  Resource Estimate 
 

 

 
 

(1)  Mineral resources which are not mineral reserves do not have demonstrated economic 
viability.  The estimate of mineral resources may be materially affected by environmental, 
permitting, legal, title, taxation, socio-political, marketing, or other relevant issues. 
 
(2) The quantity and grade of reported inferred resources in this estimation are conceptual in 
nature and there has been insufficient exploration to define an indicated mineral resource on the 
property and it is uncertain if further exploration will result in discovery of an indicated or 
measured mineral resource on the property 
 
It should be noted that the mineral resources in this estimate were calculated using the Canadian 
Institute of Mining, Metallurgy and Petroleum (CIM), CIM Standards on Mineral Resources and 
Reserves, Definitions and Guidelines prepared by the CIM Standing Committee on Reserve 
Definitions and adopted by CIM Council on Dec 11, 2005. 
 
 
 
 

Open Pit Tonnes Ni % Cu % Co% NSR $C/t
Measured 3,535,358 0.46 0.25 0.007 $63.25
Indicated 659,888 0.37 0.24 0.010 $50.25
Meas & Ind 4,195,246 0.44 0.25 0.007 $61.21

Underground Tonnes Ni % Cu % Co% NSR $C/t
Measured 191,082 1.01 0.44 0.014 $149.65
Indicated 1,486,687 1.00 0.51 0.008 $149.77
Meas & Ind 1,677,769 1.00 0.50 0.009 $149.76
Inferred 904,050 1.15 0.69 0.002 $177.19

Total Tonnes Ni % Cu % Co% NSR $C/t
Measured 3,726,440 0.49 0.26 0.007 $67.68
Indicated 2,146,575 0.81 0.43 0.009 $119.18
Meas & Ind 5,873,015 0.60 0.32 0.008 $86.50
Inferred 904,050 1.15 0.69 0.002 $177.19

Open Pit Cut Off = $13 NSR/t
UG Cut Off = $63 NSR/t
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Table 15.4.  Comparison of Weighted Average Grade of Capped Assays and 
Composites with Total Block Model Average Grade. 

 
 

Category Ni (%) Cu (%) Co (%) 
Capped Assays 0.50 0.27 0.015 
Composites 0.45 0.24 0.014 
Block Model 0.48 0.25 0.015 
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The comparison shows the average grade of the Ni, Cu and Co blocks in the domains to be 
similar to the weighted average of all capped assays and composites used for grade 
estimation.   
 
In addition, a volumetric comparison was performed with the block volume of the model 
versus the geometric calculated volume of the domain solids:  
 
Block Model Volume 2,741,494 m3 
Geometric Domain Volume 2,731,194 m3   
 
The resulting difference is 0.38%. 
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16.0     MINING 
 
 
16.1 GENERAL DESCRIPTION 
 
The Kenbridge potentially economic mineralized zones will be mined by a combination 
of open pit and underground mining techniques.  The known potentially economic 
mineralization extends from near surface to the 800 metre below surface elevation. 
 
The resource for the open pit portion of the deposit could sustain open pit mining rates of 
up to 3,000 tonnes per day of potentially economic mineralization.  The long term open 
pit mining rate used was 1,400 tonnes per day (similar to the potential underground 
mining rate) of potentially economic mineralization, though a production rate of 822,000 
tonnes of ore was scheduled in Year 1 and 1.022 million tonnes of ore per year for years 
after the underground mine was exhausted..  Open pit mining would use diesel haul 
trucks, front end loaders and excavators to mine ore and waste.  Open pit waste would be 
stockpiled and used as backfill for underground mining 
 
Underground mining would utilize mobile rubber tired diesel powered equipment in 
conjunction with a ramp and shaft.  The mineralized zones will be mined at a rate of 
1,400 tonnes per day of potentially economic mineralization or 511,000 tonnes per year.  
Waste rock from development and from open pit mining would be placed into mined out 
stopes.   
 
16.2 GEOTECHNICAL 
 
Detailed geotechnical work has not been completed to date.  The general rock types and 
observed quality of the rock suggests that the wall rocks will be reasonably competent, 
with characteristics similar to Sudbury nickel deposits.  Stope geometries and open pit 
slopes similar to conservative Sudbury configurations have been applied in this study.  
There is limited overburden cover over the deposit. 
 
 
16.3 EXISTING MINE INFRASTRUCTURE 
 
Past exploration development on the property includes a 3 compartment timber lined 
shaft to a depth of approximately 623 metres.  The shaft has outside timber dimensions of 
approximately 5 metres by 2.1 metres.  The 3 compartments have dimensions of 1.5 
metres by 1.5 metres, between the timbers.  The shaft is presently flooded and capped 
with a concrete bulkhead.  A video camera has been lowered through the shaft cap and 
initial indications, from the video, is that the shaft excavation and timbers are in excellent 
condition.  To provide access to the shaft and existing development of the underground 
mine the concrete cap will be removed and the shaft dewatered during 2008.  The shaft is 
approximately 50 to 90 metres offset from the footwall of the mineralized zones.  Shaft 
stations of 15 to 20 metres in length were developed at 46 metre vertical intervals.  
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Underground lateral development includes access drifting to the mineralized zones and 
silling in ore on the 110 and 150 metre levels.  Underground lateral development totals    
approximately 775 metres.  Figures 16.1 and 16.2 show the development on the 110 and 
150 metre levels respectively. 
 
There is no other surface or underground mine facilities which could be utilized by future 
mining operations. 
 
 
16.4 OPEN PIT MINING 
 
The deposit extends to surface, with surface expressions.  Open pit mining will be 
employed in the upper 150 metre portion of the deposit.   
 
 
16.5 OPEN PIT OPTIMIZATION 
 
Open pit optimization was undertaken by P&E Mining Consultants Inc.  The parameters 
and operating costs used for the Whittle 4X optimization are: 
 

Ore Density (tonnes/m3)              3.1           
Waste Density (tonnes/m3)              2.8 
Overall Open Pit Slopes (degrees)                   55 degrees 

 
Production Rate (ore tonnes per year)           1,000,000 

 
Waste Mining Cost ($/tonne)                         $  3.00 
Ore Mining Cost ($/tonne)                                     $  4.25 

 
Ore Processing Cost Processing Plant ($/tonne)                   $  10.00 
General & Administration Cost ($/ore tonne)                $    3.00 
Concentrate Transportation Cost ($/conc. tonne)         $  80.00 
Smelting Cost ($US/conc. tonne)           $212.00 

 
Ni Refining Cost ($US/lb.)            $0.55 
Cu Refining Cost ($US/lb.)            $0.40 

 
Ore Processing Recovery (Ni)                                               82% 
Ore Processing Recovery (Cu)            95% 
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Figure 16.1.  110 Metre Level (350 feet) Development 
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Figure 16.2.  150 Metre Level (500 feet) Development  
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Ni Payable Metal              92% 
Cu Payable Metal              89% 
Exchange Rate ($US/$CDN)             $0.90 

  
Xstrata Royalty              2.5% 

 
The above operating costs and parameters were entered into Whittle 4X for the 
optimization run.  Optimizing was carried out so that the open pit can be designed and 
potential mineable resources within the open pit estimated.  A Gemcom block model was 
developed with 3.0 metre x 3.0 metre x 3.0 metre blocks that were considered to be the 
minimum sized SMU (Selective Mining Unit) attainable that would allow good ore/waste 
selectivity along mineralized contacts.  The block model was exported to Whittle 4X 
software where pit wall slopes, mining costs, processing costs and processing recoveries 
were assigned for optimizing purposes. The optimization process utilized prices of 
$US7.50 per pound for nickel and $US2.50 per pound for copper.   
 
 
16.6 POTENTIAL MINEABLE RESOURCE ESTIMATE 
 
The potentially mineable open pit resource is estimated to be 4,615,000 tonnes at grades 
of 0.40% nickel, 0.23% copper and 0.007% cobalt of measured and indicated resources, 
to an ultimate open pit depth of 150 metres.  Dilution of 10 percent at zero grade was 
included.  This estimate was derived by utilizing the $US7.50 per pound for nickel and 
$US2.50 per pound for copper, open pit shell produced by Whittle.  The internal cut-off 
grades were derived from processing, general administration and offsite costs as well as 
process recoveries, taxes and royalties.  This internal cut-off is the minimum ore grade 
required to breakeven from the open pit edge onwards in the processing stream. 

 
16.7 MINE PLAN AND PRODUCTION SCHEDULE 
 
The potentially mineable open pit resource, while open pit and underground mining is 
taking place simultaneously, is scheduled at a mining rate of 511,000 tonnes per annum 
as shown in Table 16.1, the same mining rate as for underground mining.  When 
underground mining ceases the open pit potentially economic mineralization mining rate 
is increased to 2,800 tonnes per day until the open pit potentially mineable resource is 
exhausted.  The open pit schedule was developed using the Whittle software and resource 
model for the different ore zones.  Detailed open pit plans were not developed.  Figure 
16.3 shows a rendering of the Kenbridge deposit and the open pit portion outline created 
by Whittle.  The open pit would extend to a depth of 150 metres below surface.  Waste 
rock would be trucked to a waste stockpile approximately 1.5 kilometres from the open 
pit operation.   
 
A preliminary analysis of ore below the ultimate open pit shell indicated that the cost to 
mine and the returns were essentially equal and decisions on mining would be made  
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TABLE 16.1.  Open Pit Mine Production Schedule. 

 
 
 

 Ore 
Produced 
(tonnes) 

Ni 
Grade 
(%) 

Cu 
Grade 
(%) 

Co 
Grade 
(%) 

Waste 
Mined 

(tonnes) 

Strip 
Ratio 

Total 
Tonnes 
Mined 

Year 1    822,000 0.40 0.23 0.007 1,973,000 2.4 2,795,000 
Year 2    511,000 0.40 0.23 0.007 1,226,000 2.4 1,737,000 
Year 3    511,000 0.40 0.23 0.007 1,226,000 2.4 1,737,000 
Year 4    511,000 0.40 0.23 0.007 1,226,000 2.4 1,737,000 
Year 5    511,000 0.40 0.23 0.007 1,226,000 2.4 1,737,000 
Year 6    511,000 0.40 0.23 0.007 1,226,000 2.4 1,737,000 
Year 7 1,022,000 0.40 0.23 0.007 2,453,000 2.4 3,475,000 
Year 8    216,000 0.40 0.23 0.007 518,000 2.4 734,000 

TOTAL 4,615,000 0.40 0.23 0.007 11,074,000 2.4 15,689,000 
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FIGURE 16.3.  Ore Zones and Open Pit Representation. 
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when a potential mining operation was in place and based on the prevailing metal prices, 
mining costs and resource tonnes and grade available.        
 
 
16.8 OPEN PIT MINING OPERATIONS 
 
Open pit operations would be carried out on two 12 hour shifts, seven days per week for 
51 working weeks per year.  All equipment would be diesel operated.  
 
To blast ore to a size suitable for feeding into the processing plant crusher a drill hole 
pattern of 4 metres by 4 metres would be used in ore.  A pattern of 5.3 metres by 5.3 
metres would be used in waste.  Drilling requirements would be met by 1 drill in the 
1,400 tpd option and 2 drills later in the open pit life when the mining rate is increased to 
2,800 tpd.  Mining benches would be 10 metres in height with drill holes drilled to 11 
metres in depth.    
 
Drill holes would be loaded with ANFO.  

Powder factors would be 0.28 kilograms per tonne (kg/t) in ore and 0.21kg/tonne in 
waste.   
 
Ore and waste would be loaded into trucks using primarily a Cat 988 G loader with an 8 
cubic metre bucket.  Hauling requirements would be met using haul trucks of 40 tonnes 
capacity.  In addition, rock bulk density and swell factors are considered in the equipment 
selection. The maximum haulage gradient is +10%. 
 
Other mining equipment would include 1 Cat D9R track dozer for ripping and levelling 
waste dumps.  The open pit haul roads would be maintained with a grader and water 
truck.  Fuelling of equipment would utilize a fuel/lube/service truck, which can travel to 
equipment requiring fuelling anywhere in the open pit.  Support equipment would include 
a service truck and utility loader.   

 
Pickup trucks would be used by engineering, geology and management personnel for 
travelling on the site and between the site and other facilities.   
 
 
16.8.1 Waste Stockpile 
 
The waste stockpile would be located to the north of the open pit mine.  The average 
haulage distance from the open pit to the waste stockpile is estimated to be 1.5 
kilometres.  This area would be large enough to accommodate the expected waste rock 
produced by the operation and provide extra capacity in the event of a longer mine life.    
 
Potentially acid generating (PAG) waste rock would be segregated from the non-acid 
generating waste rock so that the PAG material can be sent to the underground mine first, 
for backfill to eliminate the need to store long term PAG material on surface. 
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Based on the production schedule the waste stockpile would contain 21 million tonnes of 
waste.   
 
 
16.9 UNDERGROUND MINE DESIGN 
 
The underground mining portion of the Kenbridge Deposit will be accessed via the 
rehabilitated existing shaft and an independent ramp from surface.  The shaft would 
primarily hoist all potentially economic mineralization and waste rock after Year 2.  The 
shaft would be dedicated to skipping of rock during afternoon and night shifts.  Day shift 
shaft operations would include time for shaft inspections and maintenance, moving of 
materials not transported in the ramp, limited manpower travel to non ramp access areas 
and limited skipping where operations permit. 
   
The ramp would be collared approximately 50 metres from the shaft on surface.  The 
ramp would connect all mining horizon levels below the 150 metre depth (planned 
ultimate open pit bottom) and allow for travel of mobile equipment and people between 
levels and to surface.  Figure 16.4 shows the proposed underground mine design. 
 
Sublevels for access to ore mining areas would be developed from the ramp on 40 metre 
vertical intervals.  The sublevel accesses would be located approximately in the middle of 
the overall strike length of the ore zones.  The sublevel access would be developed 4.5 
metre wide by 3.6 metre high to accommodate 27 tonne haul trucks. 
 
Mine ventilation will require a fresh air and a return air ventilation raise each.  Both 
raises would ultimately stretch for the full vertical extent of the mine from surface.  The 
fresh air raise would be located adjacent to the ore body while the return air raise would 
be located off the ramp.  The shaft would be upcast with return air to prevent freezing 
conditions in the shaft.   
 
An ore pass would be developed over the vertical extent of the deposit.  The ore pass 
would feed directly to a rockbreaker station where ore would be sized prior to being sent 
via a raise to the loading pocket for loading onto skips.  Waste would be trucked to the 
nearest stope being backfilled. 
 
All ore would be moved by LHD to the ore passes because the haul distances are 
relatively short (maximum of 150 metres).  Waste development rock would be loaded 
onto trucks and taken to empty stopes for disposal as much as possible.     
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Figure 16.4.  Kenbridge Deposit Proposed Underground Mine Design. 
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Other underground facilities will include a maintenance shop, main dewatering sumps, 
fuel and lube bays, explosives magazines, refuge stations and storage areas. 
 
The proposed mining method is longhole open stoping with unconsolidated and cemented 
rock backfill.  Longitudinal stoping will be used in sections of the potentially economic 
mineralized zones with widths less than 10 metres and transverse mining will be used in 
portions with widths that are greater.  Mining of each 40 metre high block will progress 
from the mineralized zones extremities to the middle and from 3 nearly equally vertically 
spaced sill levels upwards.  Uncemented rock backfill would be used in longitudinal 
stopes and secondary panels (no mining to take place on either side of stope) of 
transverse stopes. Cemented rock backfill would be used in primary transverse longhole 
stopes.  
 
 
16.10 POTENTIAL MINEABLE RESOURCE ESTIMATE 
 
The diluted potentially mineable mineral resource estimate for underground mining, at a 
$63 per tonne NSR cutoff, consists of 220,000 tonnes at a grade of 0.92% Ni, 0.40% Cu 
and 0.032% Co of measured, 1,710,000 tonnes at a grade of 0.91% Ni, 0.46% Cu and 
0.027% Co of indicated and 1,040,000 tonnes at a grade of 1.03% Ni, 0.62% Cu and 
0.021% Co of inferred resources.    

A mining recovery of 90 percent and dilution of 15 percent was included, with the 
diluting material carrying a background grade of 0.30 percent nickel and 0.15 percent 
copper.  The internal cut-off grades were derived from processing, general administration 
and reclamation costs as well as process recoveries, taxes and royalties.  This internal cut-
off is the minimum ore grade required to breakeven from the mine head onwards in the 
processing stream. 

 
16.11 MINE ACCESS AND INFRASTRUCTURE 
 
14.11.1  Shaft Hoisting Facilities 
 
The main shaft infrastructure will be the headframe, hoist and hoisthouse, rockbreaker 
station and loading pocket.  The headframe, hoistroom and hoist would be installed prior 
to dewatering of the existing shaft.   
 
The headframe will be fabricated consisting of conventional bolted steel framing, with 
cladding, construction, insulated for winter, and with back legs for support.  It would be  
approximately 30 metres in height and include an enclosed deck area and ore and waste 
dumps and bins.  The used headframe Canadian Arrow purchased in 2008 had to be 
destroyed for safety reasons.  
 
The Paymaster hoist purchased by Canadian Arrow will be refurbished for the required 
duty.  The production hoist is a 3.05 metre diameter by 1.42 metre face hoist with 2-298 
kW AC electric motors, with a cage over skip side and a skip only side.  This would 
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provide the duty to meet present hoisting depths as well as potential deeper hoisting 
depths of up to approximately 1,200 metres.  The hoist would be located in a foldaway 
hoistroom (also purchased form the Paymaster) of dimensions 30.5 metres long by 12.2 
metres wide by 19.14 high, separate from the headframe.  One hoist operator per shift 
would operate the hoist on manual operation, for example during slinging or shaft 
inspection and maintenance work and monitor automated skipping and cage operations. 
 
16.11.2  Shaft Configuration 
 
One compartment of the shaft would be equipped with a cage over skip which will allow 
hoisting of men at the beginning and end of shift to minimize travel times.  The other 
hoisting compartment will operate a skip only. The skips would have capacities of 4 tons 
each.  The conveyances will operate on timber guides.  The approximate dimensions 
between the guides would be 1.2 metres and from front to back of the shaft 1.5 metres 
between the timbers. 
 
The third compartment on one outside side of the shaft will house services.  This 
compartment will have the following services installed: 
 

- 203 mm compressed air line 
- 152 mm service water line 
- 152 mm dewatering line 
- 4160 power cable 
- Fibre communications and data cable 
- Central blasting line 
- Manway ladders and landings 

 
 
There would be a limited number of levels developed from the shaft to access the 
potentially economic mineralized zones.  Main access levels would be provided on the 
existing 110 and 150 levels and be developed on the 380 and 590 metre below surface 
levels. 
 
 
16.11.3  Shaft Dewatering 
 
To facilitate further underground exploration the shaft would be dewatered.  The 2 
existing levels will also be rehabilitated as required, as part of this exploration 
programme, to facilitate underground diamond drilling.   
 
 
16.12 RAMP AND SUBLEVELS 
 
All underground development would be undertaken by a contractor using 2-boom 
electric- hydraulic development jumbos, 4.5 cubic metre load-haul-dump (LHD) units, 
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and 27 tonne trucks to stopes being backfilled.  Development headings would be blasted 
with ANFO and non-electric caps, initiated by electric caps.  Rockbolts and screen would 
be installed as required in the openings, using stoper and jackleg drills, operating from 
scissor lifts. 
 
The ramp would be a spiral ramp with dimensions of 4.8 metres by 3.8 metres to 
accommodate travel of the largest mobile mining equipment.  The ramp would extend 
from surface to the 830 metre below surface elevation, the present known vertical extent 
of the deposit.   The ramp from the portal to the mining areas will be developed at a 
maximum gradient of 15%.  The ramp would be located to the south side of the shaft, 
offset approximately 30 metres at the closest point from the potentially economic 
mineralized zones.   This ensures that the ramp is not developed at any point near the 
shaft, providing a safety margin.  Level accesses would be developed off the ramp at the 
most northerly sections of the ramp to ensure the level crosscut bisects the potentially 
economic mineralization near the middle of the zones to be mined.  
 
At each sublevel access point, the ramp will be developed horizontally for 20 metres to 
facilitate equipment movement to and from each sublevel.  Remucking stations would be 
developed as required and used in conjunction with sublevel cutouts. 
   
Services located in the ramp will include a 203 mm compressed air pipeline, 152 mm 
service water pipeline, communications fibre optic cable and associated hardware, central 
blasting cable and power distribution cables.  See Figure 14.5. 
 
Sublevel access, at the 40 metre vertical intervals, to ore mining areas will be developed 
from the ramp.  Sublevels will begin at the 175 metre below surface elevation.   Sublevel 
access crosscuts from the ramp will be located approximately in the middle of the overall 
strike length of the ore zones.  A typical sublevel configuration is shown in Figure 14.6.   
Sublevel access dimensions will be 4.5 m wide by 3.8 m high to accommodate haul 
trucks.  A truck loading area will be developed in the access crosscut by taking down the 
backs to a height which will accommodate truck loading by LHDs.   
 
The sublevels will be developed in the footwall of the ore zone in ore.     
 
Access to the ore pass and intake and exhaust ventilation raises will be developed on each 
sublevel. 
 
Services installed on the sublevel will include a 102 mm pipe compressed air line, 51 mm 
pipe water line, communications fibre optic cable, central blasting cable and 220 volt 
power cable. 
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Figure 16.5.  Typical Ramp Cross Section 
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Figure 16.6.  Typical Sublevel Configuration. 
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16.13 OTHER INFRASTRUCTURE 
 
16.13.1  Ore Pass 
 
An ore pass measuring 2.4 metres by 2.4 metres will be developed in two parts by 
Alimak raising.  One leg will extend from the 350 metre level to the 175 metre level.  The 
second  leg would be from the rockbreaker station on the 600 level to the 350 metre level, 
connecting to the upper leg.  This will allow all ore to be delivered to the rockbreaker and 
subsequently via a short raise from the rockbreaker station to the loading pocket.  An ore 
dump would be constructed on each level connected to the main ore pass raise via a short 
finger raise.  
 
The ore pass would be located just off the ramp on each level (see Figure 14.5). 
 
 
16.13.2  Ventilation 
 
The permanent ventilation system would be a push system, with an intake fan located on 
the top of the fresh air raise on surface.  The fresh air raise would be located near to the 
ramp and connected to the access crosscut on each level.  The raise would be connected 
to each level with concrete bulkheads and regulators placed in the access.  Auxiliary 
ventilation fans will be located on the levels to redirect air volumes to the working areas. 
 
The fresh air ventilation raise would be developed with dimensions of 3.6 by 3.6 metres 
using Alimak raising, in legs.  The first leg would be developed from the 350 metre level 
to surface.  The second from the 600 level to the 350 metre level.  Below the shaft the 
fresh air raise would be developed from level to level by Alimak raising with each leg 
driven as required.   
 
An exhaust raise, measuring 3.0 by 3.0 metres, would be located in proximity to the ore 
and waste pass by the ramp.  This raise would be developed level to level using Alimak 
raising. 
 
The ramp would exhaust some air, with the ramp upcast to surface.  A remaining portion 
of the return air would be used to upcast the shaft. 
 
 
16.13.3  Mine Dewatering 
 
Water collection sumps would be located on each sublevel.  The sumps would be located 
near to the point where the ramp and level access crosscut intersect and will be designed 
to prevent water entering the ramp from the sublevels.  Overflow drill holes would be 
located near the entrance of the sump to send water to the main water collection sumps, 
for settling, recirculation and/or discharge from the mine.  All sumps would be 
periodically cleaned using an LHD to remove settled slimes.   
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Main Sumps 
 
The main dirty water dewatering sumps would be installed on the 600 level.  The clean 
water sump would also be located on the 600 level.  
 
The two dirty water sumps would measure approximately 4.5 m wide and 21 m long with 
water overflowing from a dirty water sump into the clean water sump. The clean water 
sumps, with similar size to the dirty water sumps, but at a minus 20% gradient, will be 
utilized to treat and store clean water prior to recirculation within the mine or discharge.  
It will be pumped to a recharge tank for underground process water, as required, or 
discharged to a treatment facility located outside of the 3640 portal. 
 
 
16.13.4  Maintenance Shop 
 
A small underground maintenance shop would be constructed, for the servicing of mining 
equipment, and include a warehouse and fuel and lube bays. 
 
The underground maintenance shop would have an access at each end to allow for two 
pieces of equipment to be maintained in the shop at any time.  The shop would be 
equipped with an overhead bridge crane to facilitate lifting of heavy components.  The 
underground maintenance shop will also include a parts storage area to one side of the 
main bay, a  supervisor’s  office/lunchroom  and  an electrician’s  shop.  A wash bay outside 
the shop area will also be provided. 
 
A small lube bay situated near to the shop will provide lubricants required for refilling 
equipment after maintenance and as required for equipment in operation. 
 
 
16.13.5 Other Facilities 
 
Explosives would be stored in 2 underground powder and cap magazines where several 
days requirements can be held.  There will be separate powder and cap magazines.  One 
powder and cap magazines each will be located in the upper mine and the other set in the 
lower sections of the mine.   
 
Large storage areas for materials would be provided at strategic locations in the mine.  
Smaller storage areas would be located in development and mining areas and be supplied 
from the main storage areas. 
 
Other underground infrastructure includes electrical substation cut-outs and refuge 
stations (equipped with tables, seating, potable water and telephones).   
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16.13.6  Mine Communications and Controls System 
 
The mine will also be provided with a communications and data network to provide voice 
communications, PLC monitoring and control, data via an underground computer LAN 
and video.  A fibre optic cable backbone and fibre wireless data and voice system, based 
on Movius Corporation technology, would provide all applications required to operate the 
mine and undertake data handling within the mine and to surface. 
 
 
16.14 MINING METHOD 
 
The deposit would be mined using longhole open stoping methods with unconsolidated 
and cemented waste rock backfill.   Stopes would contain approximately 50,000 tonnes of 
ore.   
 
Longitudinal Longhole Open Stope mining would proceed longitudinally in potentially 
economic mineralized zones (along the length of each zone) from the extremities of the 
orebody to the central access.  Initial development consists of an overcut and an undercut 
in ore being created at the top and bottom, respectively, of the first 40 metre high mining 
block to the edges of the orebody, along the zones to be mined.  Figure 16.7 shows a 
typical idealized longhole open stope.  A slot raise is driven at the end of each stope and 
opened up to the full width of the zone.  Downhole blastholes of 152mm diameter are 
drilled from the overcut to breakthrough in the undercut.  The holes are loaded with 
ANFO and blasted a number of rows at a time.  After each blast all ore is mucked out 
from the undercut.  This sequence continues until the central access is reached.  When the 
end of the zone to be mine is reached the open stope is backfilled with unconsolidated 
waste rock and the stope above mined with mucking on the fill of the  stope below taking 
place.    
 
In some stoping areas widths substantially greater than 10 metres are known and in these 
areas transverse stoping (mining across the width of the potentially economic mineralized 
zones) would be used.  Transverse stoping progresses from the hangingwall to footwall of 
the mineralized zones. Transverse stopes would have widths of approximately 10 to 15 
metres and lengths of up to approximately 30 metres.   Transverse stopes would be drilled 
off from the overcuts and again mucked from the undercut.  Primary transaverse stopes 
(mining to take place on one or both sides of the mined out stope would be backfilled 
with cemented waste rockfill while secondary stopes (no mining to take place either side 
of the mined out stope) would be backfilled with unconsolidated waste rock.  Transverse 
mining is expected to occur in approximately 25% of the potentially economic 
mineralized zones.  
 
 
The majority of waste rock for backfill would be provided from the surface waste rock 
stockpiles created from open pit mining.  It would be coarsely screened by a contractor 
and stockpiled to ensure material is not too large.      
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Figure 16.7.  Typical Longhole Open Stope.  
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16.15 MINING OPERATIONS 
 
16.15.1 Stope Development 
 
The ore would be accessed centrally from a non-ore access drift developed from the 
ramp.  All other level development would be in ore.  The access drifts would be 
developed 4.8 metres wide by 3.8 metres high.  Sills would be developed to full ore width 
with a height of 3.7 metres.     
 
At the end of each stope a 1.8 metre by 1.8 metre raise would be developed as a slot raise 
for blasting into. 
 
 
16.15.2 Drilling 
 
Drill holes would be drilled in a parallel pattern using 152 mm diameter holes.  Drilling 
of holes for the stopes would utilize an ITH drill mounted on a rubber tired diesel 
powered carrier. 
 
 
16.15.3 Blasting 
 
All holes would be loaded with ANFO and initiated using non-electric caps.  Stopes 
would be blasted in 3 or 4 blasts. 
 
 
16.15.4 Mucking 
 
Mucking of stopes would be carried out in the undercut with 3 or 4.5 cu. metre Load-
Haul-Dump (LHD) units loading at the stope brow and later remotely in the stopes.  The 
LHD would transport ore back to the stope access and to the ore pass. 
 
16.15.5 Backfilling 
 
After a stope has been completely mucked out it would be backfilled by truck or LHD.   
 
 
16.16 MINING SEQUENCE 
 
Mining would proceed at the rate of 1,400 tonnes per day from two or three sublevels 
mining simultaneously.  Mining will commence from 3 sill levels (330, 465 and 600 ) and 
proceed upwards in 40 metre vertical high blocks.  Sill pillars of 15 metres thickness 
would be left below each stoping block and recovered at the end of mining.  During the 
first year of underground mining in Year 2 all mined potentially economic mineralization 
will be trucked in the ramp to surface, as the shaft facilities will not be completed and 
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operational.  After the first year of underground production, all potentially economic 
mineralization would be hoisted in the shaft.  As each block of potentially economic 
mineralization is completed all associated sublevels would be permanently abandoned.  
 
 
16.17 UNDERGROUND PRODUCTION AND DEVELOPMENT SCHEDULES 
 
The underground mine production and development schedules for a mining rate of 1,400 
tonnes of potentially economic mineralization per day are presented in Tables 14.2 and 
14.3, respectively.  Pre-production mine development, including potentially economic 
mineralization development work, would require approximately 1 year.   
 
 
16.18 MINING AND SERVICES MOBILE EQUIPMENT 
 
Mining would require  1  longhole  drill  operating  2  to  3  shifts  and  2  stope  mucking  LHD’s. 
 
Most personnel after Year 1, would at beginning and end of shift enter and leave the mine 
via the shaft.  During shift men will primarily travel into, out of and around the mine in 
personnel vehicles such as Toyota Landcruiser or Hilux vehicles equipped with bench 
seats in the back box for people to sit on.  These will also be used by geology, 
engineering and mine staff to travel to different work places in the mine.  Materials and 
explosives will be transported underground, in the ramp, in service vehicles similar to the 
personnel carriers, except the box will be empty and be provided with a drop tailgate to 
allow for materials to be loaded and unloaded.  Fuel would be transported underground in 
tanker cars towed by the service vehicles which would supply fixed fuel tanks located in 
fuel bays.  The fuel would be pumped from the storage tank to fuel mobile equipment at 
the fuel bays. 
 
 
 16.19 WASTE STOCKPILE 
 
Waste sent to surface from development would be placed on the open pit waste stockpile.  
This material would be considered to potentially acid generating and would be sent back 
underground as a priority along with open pit PAG material. 
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Table 16.2.  Underground Mining Production Schedule. 
 
 

 Ore 
Produced 
(tonnes) 

Nickel 
Grade 
(%) 

Copper 
Grade 
(%) 

Cobalt 
Grade 
(%) 

Year 1    200,000 0.95 0.51 0.005 
Year 2    511,000 0.95 0.51 0.005 
Year 3    511,000 0.95 0.51 0.005 
Year 4    511,000 0.95 0.51 0.005 
Year 5    511,000 0.95 0.51 0.005 
Year 6    214,000 0.95 0.51 0.005 

TOTAL 2,977,000 0.95 0.51 0.005 
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Table 16.3.  Mine Development Schedule. 
 
 

 

Component Size Quantity Units Year -1 Year 1 Year 2 Year 3 Year 4 Year 5 Year 6 Year 7 TOTAL

Ramp 4.5 X 3.6 5,370 metres 1,355 800 800 800 800 815 5,370
370 Level Crosscut from Shaft 4.5 X 3.6 80 metres 80 80
570 Level Crosscut from Shaft 4.5 X 3.6 80 metres 80 80
790 Level Crosscut from Shaft 4.5 X 3.6 80 metres 80 80

170 Level 4.5 X 3.6 105 metre 105 105
210 Level 4.5 X 3.6 105 metres 105 105
250 to 770 Level 4.5 X 3.6 560 metres 160 160 160 80 560

Ore Pass 2.4 X 2.4 630 metres 630 630
FAR Ventilation Raise 3.6 X 3.6 630 metres 390 240 630
Return Air Raise 3.6 X 3.6 630 metres 390 60 60 60 60 630
Backfill Raise 2.4 X 2.4 630 metres 390 240 630

Maintenance Shop 7 X 7 90 metres 90 90
Misc. Excavations 4.5 X 3.6 150 metres 80 70 150
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16.20 MINE SUPPORT FACILITIES 
 
The explosives storage area for the mine would be located 500 metres from mining and 
other facilities.  The magazines would be housed in metal shipping containers and located 
so they can be observed by security located at the services site.  The magazines would not 
be in direct line of sight of the mine or other facilities to protect mine personnel, 
equipment and facilities.  
 
The mine services site would include a maintenance shop, mine supervision, geology, 
engineering and administration offices; power substations; warehouse; and water 
treatment facility. 
 
The maintenance shop would be located at the services site.  In front of the maintenance 
shop facility would be a parking area for open pit mining equipment.  A description of the 
facility is contained in the infrastructure section of this report. 
 
The mine would be technically supported by geology and engineering departments.  The 
geology department would be responsible for mapping and interpretation, sampling of 
production drill holes, grade control and ore reserve estimations.  There is a separate 
exploration group to undertake exploration work on the property and to prove up new 
mineral resources for potential mining.  The engineering department would be 
responsible for mine planning, open pit design, production scheduling, surveying, 
geotechnical design, and performance statistics for the open pit and any other technical 
requirements that support the operation. 
 
 
16.21 CAPITAL EXPENDITURES 
 
The open pit operation would require limited capital expenditures, as mining would be 
performed by a mining contractor, who would supply all major equipment.  Capital 
expenditures for the open pit would include power distribution and pumping which have 
been included in the surface infrastructure capital expenditures. 
 
The underground mine preproduction capital expenditures are required to commence in 
Year -1 of the mine life.  The underground mine access and surface facilities capital 
expenditures are shown in Table 16.4 and total $10.9 million.  The majority of the 
expenditures occur in Year 1, to delay the capital investment until production has 
commenced.  Most of the mine facilities expenditures are related to reactivating and 
equipping the existing shaft.  Mine preproduction development capital expenditures total 
$6.6 million, as shown in Table 16.5 and occur in Year     
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           Table 16.4.  Mine Access and Surface Facilities Capital Expenditures. 
 

 

 
 

Component Quantity Units Unit Total Year TOTAL
Cost Cost -1 1 2

Surface
Headrame, Hoist & Shaft Engineering 1 $900,000 $900,000 $900,000 $900,000
Mine Surface Electrical Distribution 1 lot $500,000 $500,000 $500,000 $500,000
Ramp Portal 1 ea. $75,000 $75,000 $75,000 $75,000
Headframe 1 ea. $1,500,000 $1,500,000 $1,500,000 $1,500,000
Hoist Refurbish & Install and Hoisthouse 1 lot $1,700,000 $1,700,000 $1,700,000 $1,700,000

Total Surface $4,675,000 $75,000 $4,600,000 $0 $4,675,000

Shaft Rehabilitation $0
Mobilization 1 $300,000 $300,000 $300,000 $300,000
Equipping Setup Purchase 1 $200,000 $200,000 $200,000 $200,000
Setup 1 $100,000 $100,000 $100,000 $100,000
Shaft Equipping 565 metres $3,000 $1,695,000 $847,500 $847,500 $1,695,000
Shaft Bottom Installation 1 $100,000 $100,000 $100,000 $100,000

Total Shaft Rehabilitation $2,395,000 $0 $1,447,500 $947,500 $2,395,000

Rockbreaker 
Rockbreaker Station 1 lot $250,000 $250,000 $250,000 $250,000

Total Crushing $250,000 $0 $0 $250,000 $250,000

Loading Pocket
Loading Pocket Level Development 30 $4,000 $120,000 $120,000 $120,000
Loading Pocket Installation 1 $1,000,000 $1,000,000 $1,000,000 $1,000,000

Total Loading Pocket $1,120,000 $0 $0 $1,120,000 $1,120,000

Equipment
Skips and Cage Conveyances & Ropes 1 lot $500,000 $500,000 $500,000 $500,000
Rockbreaker and Services 1 lot $500,000 $500,000 $500,000 $500,000

Contingency (15%) $1,417,000 $11,000 $908,000 $498,000 $1,417,000

Total Capex Shaft $10,857,000 $86,000 $6,955,500 $3,815,500 $10,857,000
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Table 16.5  Mine Development Expenditures. 
 
 

 

Component Quantity Units Unit Units Year -1 Year 1 Year 2 Year 3 Year 4 Year 5 Year 6 Year 7 TOTAL
Cost

Ramp 5,370 metres $4,900 /m 6,640,000 3,920,000 3,920,000 3,920,000 3,920,000 3,994,000 0 0 $26,314,000
370 Level Crosscut from Shaft 80 metres $4,900 /m 0 392,000 0 0 0 0 0 0 $392,000
570 Level Crosscut from Shaft 80 metres $4,900 /m 0 0 392,000 0 0 0 0 0 $392,000
790 Level Crosscut from Shaft 80 metres $4,900 /m 0 0 0 0 392,000 0 0 0 $392,000

170 Level 105 metres $4,900 /m 0 0 515,000 0 0 0 0 0 $515,000
210 Level 105 metres $4,900 /m 0 515,000 0 0 0 0 0 0 $515,000
250 to 770 Level 560 metres $4,900 /m 0 784,000 784,000 784,000 392,000 0 0 0 $2,744,000

Ore Pass 630 metres $4,000 /m 0 0 2,520,000 0 0 0 0 0 $2,520,000
FAR Ventilation Raise 630 metres $4,000 /m 0 1,560,000 960,000 0 0 0 0 0 $2,520,000
Return Air Raise 630 metres $4,000 /m 0 1,560,000 240,000 240,000 240,000 240,000 0 0 $2,520,000
Backfill Raise 630 metres $4,000 /m 0 1,560,000 960,000 0 0 0 0 0 $2,520,000

Maintenance Shop 90 metres $4,900 /m 0 441,000 0 0 0 0 0 0 $441,000
Misc. Excavations 150 metres $4,900 /m 0 392,000 343,000 0 0 0 0 0 $735,000

Total Development Expenditures $6,640,000 $11,124,000 $10,634,000 $4,944,000 $4,944,000 $4,234,000 $0 $0 $42,520,000
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-1.  Total mine development expenditures over the life of the mine would total $42.5 
million.  Mine underground services expenditures would total $5.9 million as presented 
in Table 16.6.  Underground mine mobile equipment and miscellaneous equipment 
capital is shown in Table 16.7.  The mobile equipment would be leased and is included in 
operating costs.  The miscellaneous equipment capital costs total $529,000. 
 
A 15% contingency has been included in all estimated direct capital expenditures. 
 
 
16.22 MANPOWER 
 
Manpower estimates for the mining operation total approximately 72 and 73 employees 
for open pit and underground mining respectively, including supervision, engineering and 
geology staff.  Table 16.8 shows the proposed mine workforce for the open pit mine and 
Table 16.9 shows the underground mine workforce.  The mine maintenance department 
would total approximately 12 and 21 employees for the open pit and underground mining 
operations, respectively.  These are included in the totals of the mine operating personnel.   
 
 
16.23 OPERATING COSTS 
 
The open pit mining costs are estimated to be $4.25 per tonne of potentially economic 
mineralization and $3.00 per tonne for waste rock.  The total mining cost per tonne of 
potentially economic mineralization and given the estimated stripping ratio is $11.45.  
These costs include a 15% contingency.  Salaries for all mining personnel including the 
supervision, geology and engineering staff have been included in the mining costs. 
 
The underground mining, longhole mining cost, for potentially economic mineralization 
delivered to surface is estimated to be $42 per tonne.  In addition the yearly mobile 
mining equipment leasing cost is $2.3 million (as show in Table 16.7) or approximately 
$4.54 per tonne of potentially economic mineralization.  Salaries for all mining personnel 
including the supervision, geology and engineering staff have been included in the 
mining costs for ore.  Table 16.10 shows a breakdown of the underground mining cost 
(detailed calculation included in Appendix 1).    
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Table 16.6.  Mine Services Capital Expenditures. 
 

 

Component Quantity Units Unit Cost Total Cost Year TOTAL
($) ($) -2 -1 COST

Surface Ventilation 1 lot $750,000 $750,000 750,000 $750,000
Surface Backfill Facility 1 lot $800,000 $800,000 800,000 $800,000
Electrical Distribution 1 lot $750,000 $750,000 750,000 $750,000
Communications/Data 1 lot $350,000 $350,000 350,000 $350,000
Compressed Air 1 lot $315,000 $315,000 315,000 $315,000
Process Water Supply 1 lot $50,000 $50,000 50,000 $50,000
Dewatering
  Pumps 2 ea. $80,000 $160,000 160,000 $160,000
  Main Sump Construction & Piping 1 lot $289,000 $289,000 289,000 $289,000
Backfill Chute Setup 1 lot $1,000,000 $1,000,000 1,000,000 $1,000,000
Maintenance Shop Equipping 1 ea. $250,000 $250,000 250,000 $250,000
Cap Magazines 2 ea. $15,000 $30,000 30,000 $30,000
Powder Magazines 2 ea. $15,000 $30,000 30,000 $30,000
Fuel Bays 2 ea. $75,000 $150,000 150,000 $150,000
Refuge Station/Lunchroom 2 ea. $75,000 $150,000 150,000 $150,000
Storage Areas 2 ea. $30,000 $60,000 60,000 $60,000

Contingency (15%) $770,000 $0 770,000 $770,000

Total Mine Services Expenditures $5,904,000 $0 $5,904,000 $5,904,000
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Table 16.7. Mining Equipment Expenditures. 
 

  

Equipment Quantity Unit Total
Price Cost

Trackless Equipment
6 yd LHD 4 $450,000 $1,800,000
2 boom E/H Dev. Jumbo 1 $1,184,000 $1,184,000
L/H Drill 1 $750,000 $750,000
ANFO Loading Truck 1 $455,000 $455,000
27 t rear dump Truck 1 $825,000 $825,000
Scissor Lift (3m  wide Platform) 4 $420,000 $1,680,000
Service Truck 1 $350,000 $350,000
Forklift 1 $350,000 $350,000
Grader 1 $390,000 $390,000
Maintenance Vehicle with Boom 1 $160,000 $160,000
Personnel Carrier 1 $150,000 $150,000
Toyota Hilux (or equiv.) 2 $55,000 $110,000
Miller Cart or Small Personal Vehicle 2 $105,000 $210,000

Mobile Equipment Expenditures $8,414,000
Contingency (15%) $1,262,000
Leasing Cost $2,322,000

Other Mining Equipment
Stopers 10 $5,000 $50,000
Jacklegs 10 $6,000 $60,000
Shotcrete unit 1 $100,000 $100,000
Pumps 5 $15,000 $75,000
Auxiliary ventilation Fans 7 $25,000 $175,000

Other Equipment Expenditures $460,000
Contingency (15%) $69,000

Total Mining Equipment Expenditures $10,205,000



 

 
Kenbridge Project, Kenora, Ontario Updated Preliminary Assessment Study 

102 

 
 
 

Table 16.8.  Open Pit Mine Workforce Complement. 
 
 

Position Quantity Yearly TOTAL
Cost COST
($) ($)

Drill Operator 4 $81,000 $324,000
Excavator Operator 4 $81,000 $324,000
Truck Driver 20 $60,000 $1,200,000
Dozer Operator 4 $81,000 $324,000
Grader Operator 2 $81,000 $162,000
Water Truck Operator 2 $60,000 $120,000
Blaster 1 $81,000 $81,000
Fuel & Lube Truck Operator 2 $60,000 $120,000
Mechanic 10 $81,000 $810,000
Rehandle FEL Operator 2 $81,000 $162,000
Rockbreaker Operator 4 $81,000 $324,000
Service Truck Operator 2 $60,000 $120,000
Labourers 4 $49,000 $196,000
Supervisor 4 $95,000 $380,000

Total Hourly Complement 65 $4,647,000

Chief Engineer 1 $130,000 $130,000
Chief Geologist 1 $130,000 $130,000
Mining Engineer 1 $111,000 $111,000
Geologist 1 $104,000 $104,000
Surveyor 1 $98,000 $98,000
Geology Technician 2 $98,000 $196,000

Total Staff Complement 7 $769,000
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Table 16.9.  Underground Mine Workforce Complement. 
 
 

  

Position Quantity Yearly TOTAL
Cost COST
($) ($)

Driller 4 $145,000 $580,000
Blaster 1 $145,000 $145,000
Blaster Helper 1 $125,500 $126,000
Muckers 8 $145,000 $1,160,000
Cable Bolter 4 $145,000 $580,000
Services 4 $125,500 $502,000
Constuction Crew 4 $138,500 $554,000
Hoistman 4 $104,000 $416,000
Hoist Mechanic 1 $104,000 $104,000
Cage/Skip Tender 4 $104,000 $416,000
Labourers 4 $99,500 $398,000
Mechanics 15 $145,000 $2,175,000
Welder 1 $145,000 $145,000
Electrician 4 $145,000 $580,000
Labourers 4 $99,500 $398,000
Supervisor 4 $158,000 $632,000

Total Hourly Complement 67 $8,911,000

Mine Superintendent 1 $229,500 $230,000
Chief Engineer 1 $175,500 $176,000
Chief Geologist 1 $175,500 $176,000
Mining Engineer/Rock Mechanics 1 $135,000 $135,000
Mine Planner 1 $114,750 $115,000
Ventilation Technician 1 $108,000 $108,000
Geologist 1 $135,000 $135,000
Surveyor Helper 1 $101,250 $101,000
Geology Technician 4 $108,000 $432,000
Mine Trainer/H&S Coordinator 1 $135,000 $135,000

Total Staff Complement 13 $1,743,000
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Table 16.10.  Underground Mining Cost Breakdown ($). 
 
 

Component Unit Cost 
($/t) 

Stope Development $  8.00 
Drilling Consumables $  0.98 
Blasting Consumables $  0.72 
Services Consumables $  7.92 
Mucking Consumables $  1.31 
Backfill $  4.13 
Labour $19.14 
TOTAL MINING COST $42.20 
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17.0     PROCESSING AND TAILINGS 
 
 
Micon International Limited (Micon) of Toronto, Canada, has reviewed the relevant 
metallurgical related studies and prepared a preliminary process engineering package 
consisting of a conceptual process flowsheet, list of process design criteria, material 
balance and order of magnitude process operating and capital cost estimates.  The battery 
limit of Micon's study is the feed to the primary crusher, concentrate production and plant 
tailings disposal pumps.   
 
Recent and historical mineralogical studies and metallurgical tests on samples of 
Kenbridge mineralization suggest that reasonable nickel and copper recoveries can be 
obtained by utilizing conventional grinding and flotation technologies.   
 
 
17.1 ORE CHARACTERIZATION, MINERALOGY AND METALLURGY 
 
The basis for Micon's conceptual process design is a recent program of metallurgical 
testing completed in 2008 by Xstrata Process Support (XPS) based in Falconbridge, 
Ontario Canada.  Historical work reviewed by Micon includes results from a pilot plant 
test conducted in the 1957 by Falconbridge and a report issued by SGS Lakefield in 
March, 2006.  Copies of these documents can be viewed by appointment at the Canadian 
Arrow office.  
 
 
17.1.1 Falconbridge Pilot Plant Tests 
 
The results from a one tonne per day capacity pilot plant program conducted by 
Falconbridge in the 1970's were used by Micon for the conceptual process design.  There 
were no details in the package of information received by Micon regarding the 
metallurgical sample or the pilot plant operation itself.  The results indicate that the 
flowsheet incorporated during the pilot plant operation included the recovery of a bulk 
Cu-Ni flotation concentrate, followed by the production of a pyrrhotite concentrate using 
magnetic separation. 
 
The detailed pilot plant data comprised 43 sets of results.  The average results of the Cu-
Ni bulk flotation for the 10 shifts of pilot plant operation (34 to 43) are presented in Table 
17.1. 
 
The average calculated head grade for the pilot plant tests was 0.62% Cu, 1.22% Ni and 
5.33% S.   
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Table 17.1.  Falconbridge Pilot Plant Test Results 
 

Shifts 
34 to 43 %Wt. 

Grind 
Size 

(%-200#) 

Concentrate Assays Recoveries 

%Cu %Ni %S %Cu %Ni %S 

Average 6.99 89.4 8.41 14.81 34.98 95.06 85.92 46.73 
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17.1.2 SGS Laboratory Tests (2006) 
 
The SGS document entitled "Metallurgical Testing of Mineralization from the Kenbridge 
Deposit, prepared for Blackstone Ventures Inc. 11011-002 Report 1, March 27, 2006”  
reports the results of a metallurgical and mineralogical testwork program undertaken on 
three composite samples of Kenbridge mineralization.  The three composite samples were 
labelled in the SGS report as high grade gabbro (HGG), low grade gabbro (LGG) and 
talc.  The scope of the tests conducted by SGS on these three composites included 
chemical and mineralogical analysis, Bond work index determinations, bench scale 
flotation tests magnetic separation and electromagnetic sorting.  The preliminary flotation 
tests were conducted on the LGG sample only. 
 
The average head assays of the three composite samples are presented in Table 17.2. 
 
Mineralogy 
 
X-ray diffraction (XRD) analysis completed by SGS indicated that the LGG sample 
comprised mainly of chlorite, moderate amounts of hornblende, talc quartz and mica, and 
minor quantities of calcite, sphalerite, pyrite and plagioclase feldspar.  The HGG sample 
consisted of mainly chlorite and amphibole, moderate amounts of quartz, and minor 
quantities of calcite, talc, sphalerite and plagioclase feldspar.  The talc sample comprised 
mainly chlorite and talc, moderate amounts of quartz, amphibole and mica, and minor 
quantities of calcite, dolomite and plagioclase feldspar.   
 
A quantitative modal abundance of minerals in each composite was estimated using 
QEMSCAN, a computer-controlled electron scanning microscope.  The results from 
these analyses are summarized in Table 17.3. 
 
The results of microprobe analyses conducted by SGS on the main nickel bearing 
sulphide and silicate species are summarized in Table 17.4.  .Microprobe analysis for 
copper in chalcopyrite indicted a copper content close to the stoichiometric amount of 
34.6%. 
 
The mineralogical results suggest that the talc may vary within the ore-body thereby 
presenting potential operating challenges.  Microprobe analyses indicate that nickel 
recovery in pentlandite is limited to 82%, 92% and 94% for LGG, HGG and talc 
mineralization, respectively. 
 
Grindability 
 
The standard Bond ball mill work index (metric) test results for LGG, HGG and talc were 
12.4, 12.7 and 11.6, respectively.  These results suggest that the Kenbridge mineralization 
is softer than industry average. 
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Table 17.2.  Average SGS Composite Sample Head Grades 
 

Composite %Ni %Cu %Fe %S %Co g/t Pt g/t Pd g/t Au 

LGG 0.56 0.29 11.0 2.38 <0.02 0.07 0.04 0.09 

HGG 1.40 0.55 13.4 5.66 0.05 0.12 0.06 0.14 

Talc 1.14 0.42 11.5 4.45 0.02 0.10 0.06 0.14 

 

 
  



 

 
Kenbridge Project, Kenora, Ontario Updated Preliminary Assessment Study 

109 

 
 
 
 
 
 

Table 17.3.  QEMSCAN Mineral Modal Abundance Summary 
 

Mineral Assemblage LGG 
(%) 

HGG 
(%) 

Talc 
(%) 

Amphibole 28.5 28.2 16.1 
Chlorite 24.8 15.0 23.8 
Quartz 19.7 11.7 23.4 
Talc 2.9 0.7 9.2 
Pentlandite 1.2 3.4 3.2 
Chalcopyrite 0.9 1.3 0.9 
Pyrrhotite 3.1 14.9 5.7 
Pyrite 0.8 1.0 3.2 
Other 12.1 23.8 14.5 
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Table 17.4.  Summary of Average Microprobe Ni Analytical Results 
 

Mineral Assemblage LGG 
(% Ni) 

HGG 
(%Ni) 

Talc 
(%Ni) 

Pentlandite 38.0 38.0 38.4 
Pyrrhotite 0.6 0.5 0.7 
Amphibole 0.10 0.08 0.08 
Chlorite 0.19 0.15 0.14 
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Pre-Concentration 
 
Tests were undertaken by SGS to investigate the potential of pre-concentration of 
mineralization using dry high-intensity magnetic separation and electromagnetic sorting 
techniques. 
 
Pre-concentration magnetic separation tests indicated that about 80% of the nickel and 
60% of the copper can be recovered into a pre-concentrate containing approximately 40% 
of the feed by weight.  Electromagnetic sorting tests conducted by Utrasort in Australia 
produced similar results to magnetic separation.  With weight recoveries of less than 50% 
the nickel recoveries were between 75% and 89%.   
 
Flotation 
 
Flotation tests were conducted by SGS using the LGG composite sample.  Six batch tests 
were undertaken followed by a locked cycle test (LCT).  The LCT flowsheet comprised 
grinding to 80% passing 90 microns, primary roughing, secondary roughing, regrinding 
of the combined secondary rougher concentrate and secondary cleaner tailings, three 
stages of cleaning, primary cleaner tailings scavenging and copper/nickel separation of 
the final tertiary cleaner concentrate.  
 
The results of the locked cycle test are summarized in Table 17.5. 
 
A combined bulk concentrate containing about 95% of the copper and 77% of the nickel 
was produced from the LGG sample.  The combined nickel and copper assay of the final 
bulk concentrate was approximately 15%.  
 
17.1.3 XPS Laboratory Testwork (2008) 
 
Two phases of testwork were undertaken by XPS during the latter half of 2007 and the 
first half of 2008.  Phase 1 comprised mineralogical and metallurgical testing, and phase 
2 included grindability testing and grinding circuit design. 
 
Phase 1 - XPS Mineralogy Tests 
 
Phase I of the XPS phase 1 program of work included quantitative mineralogical analysis 
of the probable Low Grade Open Pit (LGOP) portion of the Kenbridge deposit.  The three 
composite samples used for this investigation were selected by Canadian Arrow and were 
identified as East, West and Low Grade Pit.  The average nickel grades of these 
composites were 1.27%, 1.03% and 0.42%, respectively.  The scope of the mineralogical 
study included: 

x QEMSCAN (Quantitative Evaluation of Materials by Scanning Electron 
Microscope) on the LGOP deposit and two higher grade samples from the East 
and West zones of the LGOP.  It is noted that QEMSCAN measures modal 
mineralogy and liberation data of the samples tested. 
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Table 17.5.  Summary of SGS Flotation Locked Cycle Test Results 

 

Product %Wt 
Assays Recoveries 

%Cu %Ni %Fe %S %Cu %Ni %Fe %S 

Cu Concentrate 0.7 27.5 2.2 30.8 33.6 76.7 2.9 2.1 10.7 
Ni Concentrate 3.6 1.3 11.0 34.8 35.5 18.4 73.8 11.7 56.6 
Combined Cu/Ni 
Conc. 4.3 5.7 9.5 34.2 35.2 95.1 76.6 13.8 67.3 

Cleaner Scavenger 
Tail 11.1 0.05 0.5 16.9 6.0 2.1 11.3 17.7 29.6 

Bulk Rougher Tail 82.8 0.01 0.1 8.6 0.1 2.3 13.2 67.0 4.6 
Head (calculated) 100.0 0.31 0.58 8.21 2.25 99.5 101.2 98.5 101.6 
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x EPMA (Electron Probe Micro Analysis) on the LGOP deposit to identify the 
mineral compositions of the various minerals present in the Kenbridge deposit. 

Compositional data produced by EPMA and modal mineralogy produced by QEMSCAN 
were combined to provide an accurate Ni deportment for the samples analysed.  
 
The sulphide mineralogy of the three composite samples is presented in Figure 17.1. 
 
Sulphide mineralogy is dominated by pyrrhotite, pentlandite, pyrite and chalcopyrite. The 
Low Grade Pit sample has lower overall sulphide content. Although the pentlandite 
content in the East and West Zones are similar, the East Zone sample is higher grade due 
to the presence of violarite. 
 
Gangue mineralogy of the Low Grade Pit sample compared to East and West Zones is 
presented in Figure 17.2. 
 
Actinolite, chlorite, quartz, feldspar (plagioclase and orthoclase), biotite, epidote, calcite, 
and Fe oxides (magnetite, Cr-magnetite, and ilmenite) dominate the gangue component of 
these ores. The Low Grade Pit sample has higher overall gangue content and 
proportionally more quartz and feldspar as compared to the higher grade East and West 
Zone samples. 
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From XPS Report   “Kenbridge   Phase   I   – Ore Characterisation and metallurgical 
Testwork”,  July  2008. 
 
 

Figure 17.1 - Sulphide Mineralogy of the Three Composite Samples 
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From   XPS   Report   “Kenbridge   Phase   I   – Ore Characterisation and metallurgical 
Testwork”,  July 2008. 
 
 

Figure 17.2.  Gangue Mineralogy of the Three Composite Samples 
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From   XPS   Report   “Kenbridge   Phase   I   – Ore Characterisation and 
metallurgical  Testwork”,  July  2008 

 
 

Figure 17.3.   Ni-Fe Sulphide Liberation in the Low Grade Pit Composite 
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Nickel – Iron sulphide liberation was investigated.  Size by size liberation at a target 
grind size of 56% passing 75 microns which is equivalent to the grind target ahead of 
flotation testwork was plotted for all three composites. The Low Grade Pit sample plot is 
shown in Figure 17.3.  This figure represents the distribution of all Ni-Fe Sulphide in the 
samples, divided into three liberation states.  

x Liberated particles are defined as any particle containing at least 90% of the 
mineral of interest (in this case Ni-Fe sulphide).  

x Middling particles are defined as those containing between 30% and 90% Ni-Fe 
sulphide. 

x Locked particles represent those containing less than 30% Ni-Fe sulphide. 
A comparison of the overall Ni-Fe sulphide liberation for the three composite samples is 
illustrated in Figure 17.4. 
  
This work suggested that between 77% to 88% of the Ni-Fe sulphides indentified in the 
three composite samples occurs as liberated particles. A further 9% to 15% occur within 
middling particles and the remaining 5 to 14% occur in locked particles. 
 
A similar investigation into copper sulphide liberation suggested that between 75% to 
89% of chalcopyrite in the three composite samples occurs in liberated particles.  A 
further 6% to 13% occur within middling particles and the remaining 5 to 12% occur in 
locked particles. 
 
EPMA analysis of Kenbridge Ni samples was completed in order to determine the levels 
of nickel within various sulphide and silicate phases.  For the sulphide phases, 
pentlandite, pyrite and pyrrhotite compositions are relatively consistent between zones 
with the exception of minor variations in nickel and cobalt content. Cobalt was measured 
in solid solution in pentlandite, violarite and pyrite. Nickel in pyrrhotite remains 
relatively constant while nickel in pyrite appears elevated in the East zone relative to the 
West zone. Chalcopyrite compositions are generally stoichiometric.  For the silicate 
phases, low levels of nickel (0.06% – 0.17%) were identified in various silicate phases. It 
was noted that levels of nickel within chlorite were greater than biotite and amphibole. 
 
Compositional data from EPMA was combined with detailed modal mineralogy data 
from QEMSCAN to refine Ni and Co deportment specific to this study. Understanding 
the proportion of nickel or cobalt within recoverable minerals can give an indication of 
maximum achievable recoveries. Figures 17.5 and 17.6 show nickel and cobalt 
deportment for the three composite samples.  
 
Total nickel carried within Ni sulphides (pentlandite and violarite) account for only 
77.8% of the nickel in the Low Grade Pit sample which is considerably lower than the 
values observed in the East (91.9%) and West (91.5%) zone samples. 
 
 



 

 
Kenbridge Project, Kenora, Ontario Updated Preliminary Assessment Study 

118 

 
 
 
 
 
 
 
 
 
 
 
 

 From   XPS   Report   “Kenbridge   Phase   I   – Ore Characterisation and metallurgical 
Testwork”,  July  2008. 
 
 

Figure 17.4.  Ni-Fe Sulphide Liberation for the Three Composite Samples 
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From   XPS   Report   “Kenbridge   Phase   I   – Ore Characterisation and metallurgical 
Testwork”,  July  2008. 
 
 

Figure 17.5.  Ni Deportment in the Three Composite Samples 
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From   XPS   Report   “Kenbridge   Phase   I   – Ore Characterisation and metallurgical 
Testwork”,  July  2008. 
 
 

Figure 17.6.  Co Deportment in the Three Composite Samples 
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A total of 22.2% of nickel in the Low Grade Pit sample is contained within other species. 
Pyrrhotite and pyrite account for 5.2% and 0.9% of the nickel, respectively, while the 
remaining 16.2% of nickel is contained within silicates. East and West zone have 
considerably lower values of 8.1% and 8.5% of nickel contained with non Ni-sulphide 
species. 
 
Cobalt occurs within three minerals, namely pentlandite, pyrite and violarite. Pentlandite 
accounts for 33.6% (Low Grade Pit), 42.6% (West Zone) and 53.8% (East zone) of the 
total cobalt in the samples. Violarite accounts for 3.3% of the Cobalt in the Low grade Pit 
sample and 11.6% of total cobalt in the East Zone. Only trace amounts of violarite were 
measured in the West Zone sample.  Pyrite accounts for 63.2% (Low Grade Pit), 34.6% 
(East Zone) and 56.9% (West Zone) of the total cobalt in the samples.   
 
Phase 1 Flotation Testwork 
 
Two sets of samples were selected by Kenbridge for the developmental metallurgical 
flotation testwork to be undertaken by XPS.  The initial samples comprised split drill core 
from the east and west zones from the potential open pit.  The second set of samples 
consisted of a low grade open pit (LGOP) composite with a similar average grade to the 
expected open pit mineral resources.  In addition to the developmental composites, a total 
of thirty variability samples were selected, twenty variability samples that spatially 
represented the potential open pit and ten samples representing potentially underground 
material. 
 
The grades of the three developmental composite open pit samples and the underground 
composite sample consisting of a blend of the underground (UG) variability samples are 
shown in Table 17.6.  
 
Some comparative rougher tests producing a single concentrate were performed by XPS 
on the East and West open pit composite samples.  These tests suggested that the Ni/Cu 
concentrate grades and flotation kinetics improved when using soda ash compared to lime 
for pH control.  Typical results from these bench scale open circuit tests showed 
recoveries of around 90% for Ni and 95% for Cu into a rougher concentrate containing a 
combined 10% Ni plus Cu. 
 
The main development testwork was undertaken using the LGOP composite sample 
which contained about 1,100 kg of mineralized material.  Initial tests comprised a series 
of eight batch rougher tests to focus on a number of key process variables.  These 
variables were grind size, pH modifier confirmation (soda ash), CMC reagent dosage and 
xanthate addition point.  The results of these tests suggested optimum rougher 
performance with a grind size of 80% passing 150 microns, pH of 10 using soda ash, 300 
g/t CMC addition and staged xanthate addition. 
 
Following the batch rougher flotation optimization tests the cleaner circuit was 
investigated.  These tests considered two cleaner flotation circuits and regrinding.  The 
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cleaner circuits tested included two stage cleaning of the entire rougher concentrate and 
primary rougher bypass to final product with two stage cleaning of the secondary rougher 
concentrate.  The latter cleaner flowsheet without regrind proved to be the best option 
with regard to flotation performance.  The favoured open circuit flotation arrangement is 
presented in Figure 17.7.   The locked cycle tests 
 
Locked cycle flotation tests (LCT) were completed by XPS using the LGOP composite 
sample and a blend of the LGOP and UG composites.  The tests used the flotation circuit 
developed during the batch optimization series of tests.  The final circuit was similar to 
that shown in Figure 17.7 except that the secondary cleaner tailings was routed to the 
scavenger cleaners and the scavenger cleaner concentrate was recycled to the primary 
roughers.  A locked cycle flotation test comprises a series of repetitive batch tests 
designed to simulate a continuous circuit.  
 
The average results of the locked circuit tests using the rougher bypass circuit shown in 
Figure 17.7 are summarized in Table 17.7.   
 
Twenty samples from the LGOP and ten UG samples were selected to establish the 
potential variability in the flotation performance of material found throughout the 
Kenbridge deposit.  Of these samples, only 11 LGOP samples were used for the 
performance modelling as the remaining 9 had Ni contents below 0.15%, which was used 
as an arbitrary cut-off.  Also, only 7 of the 10 UG samples were used for the variability 
testwork.  The results of all the batch variability testwork and the locked cycle tests are 
presented in Figures 17.8, 17.9 and 17.10.   
 
These figures show the Ni, Cu and Co recoveries for the tests plotted against the 
corresponding upgrade ratio (concentrate grade divided by the feed grade [c/f]).  The 
slope of the regression line calculated from the batch rougher variability tests was then 
used to estimate a recovery/upgrade ratio model that fits the locked cycle test results (see 
dotted lines in figures) .  These models can then be used to estimate the recovery of 
Kenbridge mineralization with varying grades into concentrates of different qualities.   
 
The upgrade / recovery models developed from the testwork results are shown below: 
 
%Ni Recovery  =  105.5 - 1.253 * c/f ratio (Ni) 
%Cu Recovery  =  100.5 – 0.68 * c/f ratio (Cu) 
%Co Recovery = 111.0 – 4.3 * c/f ratio (Co) 
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Table 17.6.  Average XPS Composite Sample Head Grades 
 

Composite %Ni %Cu %Co %S %MgO g/t Pt g/t Pd g/t Au 

OP East Zone 1.27 0.49 0.039 5.42 11.27 0.18 0.05 0.05 

OP West Zone 1.03 0.50 0.034 4.29 8.94 0.11 0.06 0.06 

LGOP 0.42 0.19 0.018 1.92 9.93 0.06 0.02 0.04 

UG 1.33 0.55  5.67 10.71    
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Figure 17.7.  Favoured XPS Open Circuit Flotation Arrangement 
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Table 17.7.  XPS Locked Cycle Test Results 
 

Sample Concentrate Assays Recoveries 
%Cu %Ni %S %Cu %Ni %S 

LGOP 3.38 6.62 27.6 89.7 83.9 72.6 

LGOP/UG Blend 5.25 11.52 31.4 93.3 89.8 49.3 
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Figure 17.8.  LCT and Variability Test Flotation Results for Ni 
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Figure 17.9.  LCT and Variability Test Flotation Results for Cu 
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Figure 17.10.  LCT and Variability Test Flotation Results for Co 
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Phase 2 Preliminary Grinding Circuit Design 
 
Ore hardness characterization tests were undertaken on Low Grade Open Pit (LGOP) 
East, West and Waste material and reported by SGS Lakefield on behalf of XPS.  Using 
this data XPS designed and simulated a theoretical Kenbridge grinding circuit using JK 
SimMet modelling software.  The modelling assumed the use of the SAG mill already 
purchased by Canadian Arrow and a milling rate of 110 to 130 t/h.  The specifications of 
this SAG mill are as follows: 
 

x 1989 Fuller Taylor SAG Mill 
x 23’  3”  diameter  x  8’  10.5”  length 
x GE 1509 kW, 4000v motor 
x No liners included 

 
Drill core and 6 inch rock samples were selected by Canadian Arrow that were spatially 
representative of the potential LGOP.  The samples were delineated as follows: 
 

x LGOP East Zone 
x LGOP West Zone 
x LGOP Talc Zone 
x LGOP Waste (dilution) 

 
These samples were used for the hardness testing that generated the parameters required 
for JK SimMet modelling.  Tests undertaken using these samples comprised JK 
Dropweight,  Bond’s  Ball  Work  Index,  Bond’s  Rod  Work  Index,  SAG  Mill  Comminution  
(SMC), Crusher Work Index and Abrasion Index testing. Comminution Economic 
Evaluation Tool (CEET) Crusher Index and MinnovEX SAG Power Index (SPI) tests 
were also undertaken for use in potential future CEET modelling if so required by 
Canadian Arrow Mines. 
 
Three samples from the underground portion of the deposit gathered at a later date and 
were later tested at SGS Lakefield.  These results were not available for the modelling 
exercise so only LGOP parameters were used for the XPS grinding circuit design. 
 
A summary of the hardness testing results is presented in Table 17.8.   
 
Table 17.9 shows a summary of the results from the simulations in the JK SimMet 
grinding circuit modelling software. The simulations were run at 130 t/hr which is 
equivalent to 2800 t/d at about 90% mill availability. A simulation was also run at 110 
t/hr to assess the impacts on motor power draw when running lower tonnages. 
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Table 17.8.  Summary of XPS Hardness Test Results 

 

From  XPS  Report   “Kenbridge  Phase   II  Grinding  Circuit  Design  Preliminary  Report”,  
June 2008 
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Table 17.9.  Summary of JK SimMet Grinding Circuit Results 

From  XPS  Report   “Kenbridge  Phase   II  Grinding  Circuit  Design  Preliminary  Report”,  
June 2008 
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Simulations  confirmed  that  the  23’3”  x  8’10.5”  SAG  mill  with  1509  kW  motor  could  be  
used with an estimated throughput of 110-130 t/h open-pit ore providing that an 
additional cone or pebble crusher is installed, and 38 mm grate and high grate & pebble 
open area in the SAG Mill are instrumented. Simulations seem also to demonstrate that a 
single  ball  mill  of  12’ x  18’  with  1120  kW  (1500  hp)  will  be  required  in  order  to  produce  
the target flotation feed of about 80% passing 150 microns. 
 
However, XPS opined that the existing 1509 kW SAG mill motor is under-sized for 
processing the relatively hard open pit ore at the target throughput of 130 t/h (2800 t/d at 
90% availability). XPS recommended that a larger variable speed driven motor in the 
range of 2000-2250 kW be purchased to replace the existing one and provide more 
operating flexibility and the old 1509 kW motor could be reused in the associated ball 
mill.  XPS also noted that this simulation was run using data generated from samples 
taken from the LGOP portion of the deposit only. Data for the samples representing the 
UG  portion of the Kenbridge deposit were not available for the initial simulation.  Once 
received, XPS stated that it will rerun the model with the UG data in order to crosscheck 
the  grinding  design  for  a  feed  of  50/50  UG  and  LGOP  material” 
 
For the preliminary design and order of magnitude capital cost estimate Micon has 
assumed that a new 3000 HP (2240 kW) motor will be purchased for the existing SAG 
mill and the existing SAG mill motor will be used by a new ball mill. 
 
17.2 CONCEPTUAL PROCESS DESIGN 
 
17.2.1 Process Flowsheet 
 
The conceptual flowsheet for the scoping study has been selected based on the 
metallurgical testwork presented above, reference to comparable projects and Micon's in-
house expertise.  The flowsheet, which is presented in Figure 17.11, comprises primary 
crushing, semi-autogenous grinding (SAG), secondary ball milling, flotation, bulk 
concentrate de-watering and tailings de-watering.   
 
The conceptual process plant was initially sized to process 2,800 metric tonnes per day 
(584,000 tonnes per year) with an operating regime of 365 days per year and 7 days per 
week.  The higher processing rates of 2,800 and 3,000 tonnes per day of potentially 
economic mineralization were factored from the 1,600 tonnes per day design.  The 
processing rate of 2,800 was selected as the base case for the scoping study.  The average  
base case design (2,800 t/d) hourly throughput to the grinding section of the plant is 127 
tonnes and an average plant utilization of 92% is assumed.   
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Figure 17 .11.  Conceptual Process Flowsheet 
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Run-of-mine mineralization will be crushed in a primary jaw crusher and stored in a 
2,800 tonnes live capacity storage bin.  Mineralization will be fed from the bin at a 
controlled rate to the grinding circuit. 
 
A typical two stage SAG mill/ball mill circuit will be used to grind mineralization to 80% 
passing 133 microns.  The recommended design from XPS was used for the grinding 
circuit. 
 
The cyclone overflow product from the comminution circuit will feed a conventional 
bulk nickel-copper flotation circuit consisting of a rougher/scavenger circuit and three 
stage of cleaning.  A re-grind mill will be included in the flotation circuit to improve the 
liberation of the rougher and scavenger concentrates. 
 
The rougher and primary cleaner tailings will be combined and pumped to the tailings 
disposal area.  Excess water from the tailings area will be collected and pumped back to 
the plant to be reused as process water. 
 
The final cleaner concentrate will feed the concentrate dewatering circuit where it will be 
thickened, filtered, stored and loaded on to trucks for transportation to a smelter and 
refinery for further processing. 
 
 
17.2.2 Process Design Criteria 
 
A detailed list of conceptual process design criteria, used as a basis for the process 
equipment selection and sizing, has been developed for the project.  Table 17.10 provides 
a summary of key process design criteria.    
 
The average feed grade is based on mining plans developed for the near surface open pit  
mineralization and the underground material..  The estimated recoveries, flotation circuit 
and sizing criteria are based on the 2008 XPS testwork results.    
 
A conventional flotation circuit comprising roughing and scavenging with bypassing of 
the primary rougher concentrate to final product, two stages scavenger concentrate 
cleaning and a scavenger cleaning circuit is included in the preliminary design to recover 
nickel and copper sulphides to a single product.    
 
A typical suite of flotation reagents based on the XPS testwork is assumed, comprising 
SIBX, CMC, MIBC and soda ash.   
 
The metallurgical recovery models developed from the XPS testwork for a 10% Ni 
product are shown in Figure 17.12.    
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Table 17.10.  Summary of Key Process Design Criteria 
 

Criterion Units Value 
Nominal throughput rate t/d 2,800 
Average open pit Ni head grade % 0.40 
Average open pit Cu head grade % 0.23 
Average open pit Co head grade % 0.016 
Average underground Ni head grade % 0.95 
Average underground Cu head grade % 0.34 
Average underground Co head grade  % 0.022 
Ore specific gravity  2.97 
Ore average moisture content wt% 3 
Operating regime  d/y 365 
Bond ball mill work index kWh/t 13.09 
Grinding product size (80% passing size) microns 133 
Flotation circuit rougher/scavenger retention time mins 35 
Number of scavenger flotation cleaning stages  2 
Flotation concentrate copper grade % 6.0 
Flotation concentrate nickel grade % 10.0 
Average concentrate production dry t/d 140 
Total average estimated Ni recovery % 81.3 
Total average estimated Cu recovery % 88.9 
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Figure 17.12.  Ni, Cu and Co Recovery Models for a 10% Ni Concentrate Product 
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Nickel and copper recoveries of 74.9% and 82.8%, are estimated for the lower grade open 
pit material.  The average head grade of this mineralization is estimated to be 0.41% Ni 
and 0.23% Cu.  The average estimated underground mineralization plant head grades and 
estimated metallurgical recoveries for this feed material are 0.85% and 90.8% for Ni, and 
0.37% and 89.5% for Cu, respectively.  The conceptual design assumes that the life-of-
mine average blend of open pit and underground mineralization is recovered into a bulk 
concentrate containing 10.0% Ni and 6.0% Cu. 
 
Regarding cobalt recoveries, the model illustrated in Figure 17.12 was developed from 
the variability samples where the average Ni to Co feed grade ratio was about 25, which 
corresponds to Co grades of around 0.016% to 0.04% for material grading between 0.4% 
to 1% Ni.  However, the reported average mineral resource Co grades are 0.007% for 
open pit material and 0.005% for underground mineralization.  These grades do not 
correspond to the metallurgical samples used therefore the model cannot be used to 
estimate recoveries at these low grades.  For the purposes of the preliminary assessment 
Micon suggests using a metallurgical recovery of 40% for Co. 
 
The conceptual design assumes that the final concentrate is dewatered to around 8% 
moisture by weight by using a thickener and continuous pressure type filters. 
 
 
17.3 TAILINGS MANAGEMENT 
 
Options for storage of tailings were studied by DST Consulting Engineers Inc. and the 
location adjacent to Empire Lake selected.  Figure 17.13 shows the tailings area general 
arrangement.  This area can store in excess of 10 million tonnes of tailings more than 
enough to meet project requirements. 
 
 
17.4 ORDER OF MAGNITUDE PROCESS CAPITAL COST ESTIMATE 
 
The capital cost estimate for the base case 2,800 t/d scenario is factored from the 
mechanical equipment supply costs developed for the 1,600 t/d option.  The original 
estimate, which was produced in the second quarter 2007 has been adjusted to third 
quarter 2009 Canadian dollars.   
 
The mechanical equipment costs were developed by Micon from the preliminary 
equipment list, and its in-house cost database.  The equipment selection and sizing is 
based on the preliminary design criteria, process flowsheet, material balance and Micon's 
in-house expertise.  The cost for the SAG mill included in the capital cost estimate is 
based on the purchase of a used 22 ft diameter by 8 ft long SAG mill by Canadian Arrow.  
The estimate assumes that a new 3,000 HP motor will be purchased to power the SAG 
mill while the 2,000 HP capacity motor that was connected to the SAG mill will be used  
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Figure 17.13.  Tailings Storage Area. 
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by the new ball mill.  The cost for the supply of all other process equipment assumes it is 
purchased new. 
 
Installed plant costs are based on factors which were applied to each process area for 
installation, freight, excavation/backfill, concrete and steel.  Factors applied to the 
mechanical equipment supply costs were also used to estimate the electrical, 
instrumentation and control, and piping costs.  Allowances are included in the direct cost 
estimate for mobile equipment, laboratory (including laboratory equipment), site 
preparation, electrical sub-station and the tailings dam. 
 
The indirect costs incorporated in the estimate include the engineering, procurement and 
construction management (EPCM), equipment spares, first-fill reagents, construction 
costs, commissioning and insurance.  A contingency of 20% of direct costs is also 
included in the indirect cost estimate. 
 
A summary of the order of magnitude capital cost estimate for the processing and 
associated facilities is presented in Table 17.11.  Estimated process capital expenditures 
total approximately $70.3 million.  The process capital cost estimate can be regarded as 
better  than  “order  of  magnitude”,  which,  according  to  the  American  National  Standards  
Institute, suggests an accuracy of -30 %, +50 %. 
 
Based on the required tailings storage area volume a capital cost estimate was developed 
for the facility.  The total capital expenditures required to build the tailings area is 
$890,000 initial expenditures and $1,313,000 to raise the dams and add dams in Year 3 of 
production.  The detailed capital expenditures calculations are included in Appendix 2.   
 
 
17.5 ORDER OF MAGNITUDE PROCESS OPERATING COST ESTIMATE 
 
The order of magnitude process operating costs were developed from first principals.  A 
summary of the estimated costs is presented in Table 17.12. 
 
The estimated order of magnitude unit process operating cost for the 2.800 t/d processing 
facility is approximately $11.7 /t milled.  The major cost area is process consumables 
which make up about 39% of the total estimated processing operating cost.   
 
It is assumed that the electrical power will be procured from the regional grid at an 
average cost of 8 cents per kilowatt-hour.     
 
The process labour list and associated costs are tabulated in Table 17.13. The labour costs 
include an allowance for overheads and burdens. 
 
A breakdown of the estimated power requirements at the plant and associated costs are 
presented in Table 17.14. These power consumptions are based on availability and 
utilization factors applied to the estimated process equipment installed power. Using a 
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unit power cost of $0.08 /kWh, the average unit process power cost equates to $3.07 /t of 
ore processed.  
 
 

 
 
 

Table 17.11.  Order of Magnitude Capital Cost Estimate 
 

Component Units Total Cost 
($) 

Total Plant  35,962,000 
Mobile equipment  1,148,000 
Laboratory  492,000 
Lab equipment  328,000 
Site preparation, includes plant site roads  410,000 
Sub Station  200,000 
Electrical  (% of equip supply costs) 30% 5,276,000 
Automation (% of equip supply costs) 9% 1,583,000 
Piping (% of equip supply costs) 17% 2,989,000 

TOTAL DIRECT COSTS  48,388,000 

EPCM (% of direct costs) 12% 5,807,000 
Equipment Spares (% of equipment cost) 5% 2,419,000 
First fill reagents (1 month supply)  385,000 
Construction (% of direct cost) 4% 1,936,000 
Commissioning (% of equipment cost) 2.5% 1,210,000 
Insurance (% of direct cost) 1% 484,000 
Contingencies (% of direct costs) 20% 9,678,000 

TOTAL INDIRECT COSTS  21,919,000 

TOTAL CAPITAL EXPENDITURES  70,307,000 
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Table 17.12.  Summary of Estimated Process Operating Costs 
 

Operating Cost Area Annual Costs 
(k$) 

Unit Costs 
($/t) 

Percent 

Labour 3,373 3.30 28% 
Electrical power 3,138 3.07 26% 
Process consumables 4,620 4.52 39% 
Maintenance 818 0.80 7% 

Total Operating Costs 11,950 11.69 100% 

 
  



 

 
Kenbridge Project, Kenora, Ontario Updated Preliminary Assessment Study 

142 

 
 
 
 
 

Table 17.13.  Estimated Process Labour Costs 
 

Labour 
 

Number 
Employed 

Annual Cost 
per Person 

Total 
Annual 

Cost 

Unit Cost  
 

($/t) 

Plant 
Superintendent/Metallurgist 1 189,000 189,000 0.18 

Senior metallurgist 1 189,000 189,000 0.18 
Plant supervisors 4 102,000 408,000 0.40 
Crusher - operators 3 78,000 234,000 0.23 
Plant operators 8 79,000 632,000 0.62 
Utility/reagent/operators 2 79,000 158,000 0.15 
Operator helpers 4 57,000 228,000 0.22 
Maintenance supervisor 1 145,000 145,000 0.14 
Electrical/Instrumentation 
technicians 2 92,000 184,000 0.18 

Mechanics 5 89,000 445,000 0.44 
Chief chemist 1 123,000 123,000 0.12 
Sample prep/assayers 4 73,000 292,000 0.29 
Assayers 2 73,000 146,000 0.14 

Sub-total mill labour costs 38 - 3,373,000 3.30 
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Table 17.14.  Estimated Process Power Usage and Costs 
 

Power Area Installed 
kW 

Operating 
Utilization 

kWh/t MWh/a 

Primary crushing 410 45% 1.34 1,374 
Coarse ore reclaim system 150 92% 1.01 1,028 
SAG pebble crushing 450 92% 3.02 3,083 
Grinding area equipment 3,920 92% 24.73 25,274 
Flotation area equipment 610 92% 4.09 4,179 
Reagents area 90 50% 0.33 335 
Concentrate dewatering equipment 170 60% 0.74 759 
Tailings area equipment 130 92% 0.87 891 
Water systems area equipment 340 50% 1.24 1,266 
Services 280 50% 1.02 1,042 

Total 6,550  38.39 39,230 
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A summary of the process consumables showing the assumed unit usage rates and costs 
are shown in Table 17.15.  The major process consumable is steel balls which makes-up 
about 36% of the total estimated cost for consumables.   
 
The estimated process plant maintenance costs are calculated as a percentage of the direct 
capital costs.  The estimated total average annual maintenance supply cost is $818,300. 
 
 
17.6 SUMMARY AND RECOMMENDATIONS 
 
Pilot plant testwork conducted by Falconbridge (now Xstrata) in the 1970's indicated that 
good nickel and copper recoveries into a bulk concentrate can be achieved by using 
conventional flotation technology.  More recent bench scale work undertaken by SGS and 
XPS show that reasonable recoveries can be achieved in producing a saleable concentrate 
from relatively low grade mineralization from the Kenbridge deposit. 
 
Micon recommends that further optimization tests should be undertaken using 
representative samples of Kenbridge mineralization.   Once the optimum flotation process 
has been defined on this material, it is recommended that the flowsheet be tested using a 
wide range of samples that represent the mineral resource both mineralogically and 
spatially. 
 
Additional grinding and crushing tests need to be undertaken on representative samples 
of potential underground Kenbridge mineralization so that the comminution circuit 
design can be confirmed. 
 
Future testwork should take into account potential deleterious elements and mineral 
species that could be detrimental to the marketing of the final product.  From a review of 
the limited amount of information available, it is anticipated that these elements and 
compounds could include MgO, Zn and silica. 
 
It is recommended that a simple scoping study be conducted to compare the benefits of 
producing a bulk concentrate or two separate copper and nickel products.  Indicative 
smelter/refining terms will need to be obtained for both scenarios to complete this 
comparative study.  This desk-top study should be undertaken prior to any additional 
metallurgical work. 
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Table 17.15.  Estimated Process Consumable and Costs 

 
Reagents and Supplies Unit Cost 

($/t 
consumable) 

Consumption 
(kg/t ore) 

Total Annual 
Cost  
($) 

Unit Cost 
($/t) 

Jaw crusher liners 4,500 0.02 85,000 0.08 
Cone crusher liners 4,500 0.03 153,000 0.15 
SAG Mill liners 4,500 0.05 245,600 0.24 
Ball mill liners 4,500 0.06 260,100 0.25 
SAG mill grinding balls 1,150 0.69 813,900 0.80 
Ball mill grinding balls 1,140 0.73 854,400 0.84 
SIBXanthate 2,500 0.10 253,900 0.25 
CMC 3,000 0.23 689,900 0.68 
MIBC 4,210 0.12 514,600 0.50 
Soda Ash 560 0.19 107,300 0.10 
Conc. thickener flocc. (per t of 
conc.) 5,660 0.0025 1,100 0.00 

Dryer fuel (propane cost per 
litre) 0.90 0.00 0.00 - 

Heating fuel (300,000 litres per 
year) 0.90  270,000 0.26 

Assay supplies    200,000 0.20 
Fuel and lube. For mobile equip.   120,000 0.12 
Fresh water 0.05 1,000 51,100 0.05 

Total   4,619,900 4.52 

 
 



 

 
Kenbridge Project, Kenora, Ontario Updated Preliminary Assessment Study 

146 

  
 
 

18.0     INFRASTRUCTURE 
 
The Kenbridge Project is located approximately 70 kilometres from Kenora and with 
smaller communities closer, means that the mine workforce can locate within these 
communities and utilize local community services.     
 
There is an existing exploration camp with float plane dock (Figure 18.1) which would 
continue to be used until the project begins the construction phase. 
 
The main infrastructure required for the mine would be: 
 

● Access road from old Maybrun Mine (now called Atikwa Lake property) 
to the Kenbridge site; 

 ● Site Roads; 
● Mine Maintenance Shop; 

 ● Warehouse and Laydown Yard; 
 ● Mine Dry/Administration Office Building; 
 ● Power Line; 
 ● Water Supply System; and 
 ● Sewage Disposal Site. 
  
Figure 18.2 shows the general site plan for the Kenbridge project. 
 
 
18.1 ACCESS ROAD 
 
There are paved main roads which provide good road access, connected to a good, well-
maintained logging road as far as the old Maybrun Mine (see Figure 18.3), located 
approximately 7 kilometres to the south of the Kenbridge Deposit.  An 8 kilometre 
distance road be constructed from the old Maybrun Mine to the Kenbridge project site is 
required.  The road would have a final surface of gravel capable of all weather operation. 
 
The route for the road would have to be cleared of trees where required and overburden 
removed to bedrock where feasible.  Course rock and gravel would be used for the base.  
The road would be elevated by 2 metres above the immediate topography and have 
ditches on both sides.  The routing would place the road as much as possible on higher 
ground.  The surface top cover would consist of compacted finer gravel.  The road would 
be constructed from local gravel material found in local quarries or in deposits near to the 
mine site. 
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Figure 18.1.  Existing Exploration Camp Facilities 
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Figure 18.2.  Kenbridge Project General Site Plan. 
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Figure 18.3.  Maybrun Mine Road  
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18.2 SITE ROADS   
 
Roads on site would be required to connect the surface mine facilities, processing plant 
support services areas tailings facilities areas together.  A total site roads distance of 3 
kilometres was used for this study based on site conditions. 
 
A total haul roads distance of 3 kilometres connecting the open pit to the processing plant 
and waste stockpile is also included in the capital costs. 
 
 
18.3 MINE SUPPORT SERVICES SITE 
 
The support services facilities would be located in proximity to the headframe and 
processing plant complex.  The support services site would include the surface 
maintenance shop, administration office building, warehouse/laydown yard and main 
electrical substation.  
 
 
18.3.1 Surface Maintenance Shop 
 
The surface maintenance shop would be responsible for maintaining all surface 
equipment and light vehicles for the mine, processing plant and surface services.  The 
shop building would consist of 2 service bays large enough to accommodate the largest 
surface equipment, offices (mechanical and electrical supervisors), lunchroom and 
storage areas for tools and parts.  The service bays would be equipped with an overhead 
crane on crawl beams for lifting of heavy components and to aid in tire changes.  An 
outdoor wash bay would be located next to the building.  The building would be 
prefabricated from steel structural framing and metal cladding, with concrete floors. 
 
 
18.3.2 Mine Dry/Administration Building 
 
All mine and surface workers would change from street clothes to work clothes and vice 
versa and shower each day in the mine dry.  The dry would be divided into clean and 
dirty clothes sections, a showering area and a washroom area.  There would be a separate 
changing and washing facility for women.   Staff requiring change and washing facilities 
would also be housed here.  This facility would be sized to house approximately 90 
persons.  The processing plant would have a separate dry for mill personnel.   
 
The administration building would provide office and work space for the mine 
supervision, geology, engineering, accounting and purchasing, health and safety, 
personnel staff and senior management.  As well it would have a lunchroom, conference 
room and washrooms facilities.  A network room would house the mines computer LAN 
and telephone communications systems.  This building would be a prefabricated structure 
with steel structural framing and metal cladding. 
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18.3.3 Warehouse/Laydown Yard 
 
The warehouse facility would have areas for pallet shelving storage of materials and 
parts, a lockup area for supplies and office space for purchasing and warehousing 
personnel.  A laydown yard for large material and equipment which could be stored 
outdoors would be provided next to the warehouse building and a cold storage building to 
house large materials equipment which require cover.  The warehouse building would be 
a prefabricated structure with steel structural framing and metal cladding with concrete 
floors. 
 
 
18.4 ELECTRICAL POWER  SUPPLY 
 
The mining/processing/support complex at Kenbridge will require RMS power of 
approximately 7.5 megawatts (mW) of power.  Of the total 2 mW of power is required 
for the mine, 5 mW for the processing plant and the remainder for support services 
facilities. 
 
A 50 kilometre 4 kVa power line from the town of Sioux Narrows will be constructed to 
provide power to the minesite.   
 
 
18.5 WATER  SUPPLY 
 
Service and potable water for the operation would be supplied from one of the local lakes 
for service water and or from the lake or a well drilled on site for potable water. 
 
The water would not require treatment as it would meet or exceed drinking water quality 
standards. 
 
  
18.6 WASTE DISPOSAL 
 
Sewage generated on the site would be treated in a septic tank and filtration bed systems 
with one each at each facility.  Sewage would be collected in septic tanks and overflow 
water sent to a filtration bed for treatment and release. 
 
All non toxic garbage from the operation would be transported by contractor to the 
landfill site for Sioux Narrows or Kenora on a weekly basis.   
 
 
18.7 TELECOMMUNICATIONS AND COMPUTER NETWORKING 
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Telephone and Internet services infrastructure are available at Sioux Narrows but no 
closer to the property.   
 
 
18.7.1 Telecommunications 
 
A cabled telephone trunkline would be installed, from the Sioux Narrows main telephone 
switch, with the powerline to provide telephone and internet services to the Kenbridge 
facilities. 
 
18.7.2 Computer LAN’s  and Networking 
 
The corporate computer systems of the mine would be based on Microsoft.NET 
Enterprise Servers.  The following software would be used: 
  
A mid tier accounting package capable of general ledger, accounts payable and 
receivable, purchasing and inventory and mine maintenance planning would be 
implemented at site. 
 
The wireless networking system, for the underground mine would provide voice, data and 
internet services to the mine.  It would provide the mine with worldwide internet access 
and systems to allow for sending electronic data to head office and also facilitate 
worldwide data transfers as required. 
 
 
18.8 CAPITAL EXPENDITURES 
 
Total capital expenditures for project infrastructure are approximately $17.2 million (with 
a 15% project contingency included).  Table 18.1 provides the infrastructure capital costs 
breakdown.  The largest component costs are $6.5 million for the powerline and power 
distribution system and $2.4 million for access road construction. 
 
 
18.9 MANPOWER 
 
The surface services department primarily is responsible for operating and maintaining 
the surface support facilities and overseeing overall maintenance programs in all 
departments.   Table 18.2 presents the manpower complement which totals 4 employees. 
 
 
18.10 OPERATING COSTS 
 
Power costs have been included in the mine, processing plant and G&A operating cost 
estimates.  Other infrastructure operating costs, other than the surface personnel and staff 
costs, have been included in those departments as well and therefore there are no direct 
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operating costs associated with infrastructure.  The surface services manpower costs are 
shown in Table 18.2 also and total $342,000 per annum. 
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Table 18.1.  Infrastructure and Services |Capital Expenditures ($). 
 
 

  

Description Quantity Units Unit Year -2 Year -1 TOTAL
Price COST

Access Road 8 km $325,000 $1,300,000 $1,300,000 $2,600,000
Site Roads 3 km $75,000 $225,000 $225,000

Maintenance Shop/Warehouse 700 sq.m. $800 $560,000 $560,000
Maintenance Shop Equipment & Tools 1 lot $100,000 $100,000 $100,000
Administration Building 617 sq. m. $1,000 $617,000 $617,000
Changehouse 400 sq.m. $1,000 $400,000 $400,000
Explosives Magazines 1 lot $75,000 $75,000 $75,000
Fuel Storage & Distribution 1 each $400,000 $400,000 $400,000

Potable Water System 1 each $100,000 $100,000 $100,000
Lined Water Collection and Treatment 1 each $500,000 $500,000 $500,000
Septic Tank & Filter Bed Sewage System 1 each $120,000 $120,000 $120,000

Forklift 1 each $200,000 $200,000 $200,000
Warehouse Forklift 1 each $80,000 $80,000 $80,000
Services Truck 1 each $120,000 $120,000 $120,000
Pickup Trucks 3 each $35,000 $105,000 $105,000
Bus 2 each $120,000 $240,000 $240,000

Power Line 50 each $100,000 $5,000,000 $5,000,000
Main Substation 1 each $1,000,000 $1,000,000 $1,000,000
Services Substation 1 each $100,000 $100,000 $100,000
Surface Power Distribution 1 lot $400,000 $400,000 $400,000

Telecommunications 1 lot $150,000 $150,000 $150,000
LAN & Computers & Software 1 lot $150,000 $150,000 $150,000
Engineering & Geology Software 1 lot $80,000 $80,000 $80,000
Office Furnishings and Equipment 1 lot $120,000 $120,000 $120,000

Capital Spares 1 lot $150,000 $150,000 $150,000

EPCM (12%) 12 % $156,000 $1,457,000 $1,613,000

Contingency (15%) 15 % $195,000 $1,844,000 $2,039,000

TOTAL INFRASTRUCTURE COST $1,651,000 $15,593,000 $17,244,000



 

 
Kenbridge Project, Kenora, Ontario Updated Preliminary Assessment Study 

155 

 
 
 
 
 
 
 
 
 

Table 18.2.  Surface Services Manpower Complement and Costs ($). 
 
 

 
 

Position Quantity Yearly TOTAL
Cost COST

Maintenance Superintendent 1 $117,000 $117,000
Maintenance Clerk 1 $75,000 $75,000

Total Maintenance Staff 2 $192,000

Electrician 1 $80,000 $80,000
Maintenance Labourers 1 $70,000 $70,000

Total Maintenance Staff 2 $150,000

TOTAL COMPLEMENT 4 $342,000
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19.0     GENERAL & ADMINISTRATION 
 
 
The General and Administration components would be associated with surface facilities 
and personnel not included under the mining, processing or maintenance groups.  General 
Services and Administration would comprise of four groups: administration; 
procurement; human resources; and security. 
 
 
19.1 ADMINISTRATION 
 
Administration comprises senior and general management, accounting, off site 
environmental and information technology functions.  As well as direct salaries and 
fringe benefits for personnel, other components include employee relocation, travel 
allowances for business away from the property, insurance (property, business 
interruption and political risk), permits and licences, mining rights fees, professional fees 
and operating surface vehicles for the personnel. 
 
Accounting functions would include providing payroll, accounts payable and receivable 
processing, expenditures budgeting and forecasting and other corporate cost accounting 
for the entire operation and reporting to Head Office.   
 
Information technology comprises all components associated with operating and 
maintaining the telephone, computer network, internet, fax and radio systems for the 
mine site.  Allowances for local and overseas telephone services and the internet charges 
are also included.   
 
The environmental components costs would be associated with monitoring  of  the  mine’s  
environmental performance and reclamation work. 
 
 
19.2 PROCUREMENT 
 
Procurement encompasses all functions associated with on and off site procurement of 
materials and supplies; warehousing and inventorying; transportation from point of origin 
to site and other associated support services.  Actual freight costs for items required by 
the mine, processing plant and maintenance departments are included in those 
department’s  costs.  The main cost components comprise wages and warehouse supplies.  
Salaries and fringe benefits for staff and warehouse supplies such as personal protective 
gear (gloves, etc.) and small equipment (pallet lifters, forklifts, etc.) parts for operating 
the warehousing, purchasing and logistics groups are included.  Surface support includes 
unloading and loading of trailers and shipping containers, movement of materials on site 
and maintenance of the warehousing and associated facilities. 
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19.3 HUMAN RESOURCES 
 
Human resources encompass all functions associated with personnel and industrial 
relations, health and safety, training and community relations.  Personnel and industrial 
relations costs comprise salaries and fringe benefits for staff to undertake recruitment of 
required personnel, managing of company salary policies and fringe benefits, managing 
and negotiating of collective agreements with hourly employees and overseeing of 
company policies and procedures. Health and safety provides for salaries, fringe benefits 
and supplies for the services of on-site first aid personnel and all first aid supplies and 
vehicles required by them. 
 
Community relations costs will provide funds to aid in supporting local community 
efforts and facilities.   
 
 
19.4 SECURITY 
 
Security would be provided on a contract basis by a security firm and include all 
personnel and supplies.  Security surveillance equipment would be provided by the mine 
to the security firm.  Small security equipment for the security personnel (metal detectors, 
etc.) would be provided by the contractor.  
 
 
19.5 MANPOWER 
 
The general and administration manpower requirements are presented in Table 17.1.  It is 
estimated that there would be 18 staff. 
 
  
19.6 OPERATING COSTS 
 
The general and administration operating costs are all operating costs associated with 
operating the offices and providing materials and supplies for the staff functions.  The 
total yearly operating costs are estimated to be approximately $2.8 million of which $1.8 
provides for staff salaries and benefits.  The yearly operating costs are presented in Table 
17.2.  The general and administration operating costs equates to $2.75 per tonne of ore 
processed. 
 
The staff remuneration component breakdown is also shown in Table 17.1 and represents 
65 percent of G&A operating costs.  The benefits component is approximately 30% 
percent of the total salary shown. 
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Table 19.1.  General & Administration Manpower Complements and Costs ($). 

 
 

Position Quantity Yearly TOTAL
Cost COST

General Manager 1 $260,000 $260,000

Comptroller 1 $117,000 $117,000
Accountant 1 $98,000 $98,000
Payroll 1 $98,000 $98,000
Personnel Officer 1 $98,000 $98,000

Head of Health/Safety and Security 1 $117,000 $117,000
Safety/Training Officer 1 $98,000 $98,000
Office Clerk/Secretary 1 $78,000 $78,000

Purchasing Agent 1 $104,000 $104,000
Warehouseman 2 $91,000 $182,000
Warehouse Stocktaker 2 $78,000 $156,000
Loader Operator 1 $78,000 $78,000

Security Officers 4 $84,500 $338,000

TOTAL COMPLEMENT 18 $1,822,000
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Table 19.2.  General and Administration Costs ($). 
 
 

Per
Year

Salaries & Overhead $1,822,000

Communications/Telefax $28,000

Equipment Rental & Maintenance $25,000

Computer Supplies & Software $35,000
Office Supplies $25,000
Warehouse Supplies $10,000
Postage, Courier & Light Freight $20,000

Insurance $130,000
Permits & Licences $25,000
Bank Charges $8,000
Professional Fees - Accounting $30,000
Professional Fees - Legal $20,000

Recruitment/Relocation $40,000
Security $15,000
Safety, Clothing and Training $30,000
First Aid $40,000
Dues & Subscriptions $5,000
Public Relations $30,000
Environmental $70,000

Power $175,000

Surface Transportation - Pickups $50,000

Professional Fees - General $75,000
Travel & Accommodation - Business $30,000

Freight $20,000
Miscellaneous $50,000

TOTAL G&A COSTS $2,808,000
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20.0     MANPOWER 
 
 
The operations workforce for the Kenbridge mine and associated facilities would total 
approximately 131 employees during open pit mining and 132 employees during 
underground mining phases, plus approximately 15 to 20 contractor employees in mine 
development and other services.  The complete workforce would comprise of people 
housed locally in the smaller communities or Kenora.  A summary of the yearly 
operational workforce is shown in Table 20.1 as the departmental workforce listings have 
already been presented in each appropriate chapter.     
 
The operation will be managed by a Senior Management team led by the Mine Manager.  
The other Senior Management will be: 
 
 Mine Superintendent 
 Processing Plant Superintendent 
 Maintenance Superintendent 
 Chief Engineer 
 Chief Geologist 
 Head of Health/Safety and Security 

Comptroller 
 

All supervision, employees and contractors report to or through these positions.   
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Table 20.1.  Kenbridge Project Employee Complement 
 
 

Department Open Pit 
Complement 

(Yearly) 

Underground 
Complement 

(Yearly) 

Mining   72   73 
Processing   37     37 
Surface Services    4     4 
G&A   18   18 

TOTAL 131 132 
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21.0     SOCIO ECONOMIC AND ENVIRONMENTAL 
 

The Kenbridge project and associated access corridor leading from Highway 71 is located 
near the community of Sioux Narrows and within the traditional territory of the 
Anishinaabe Nation of Treaty No. 3 (Figure 21.1).   Four first nation communities are 
located near the project; the Naotkamegwanning First Nation, the Northwest Angle No. 
33 First Nation, the Northwest Angle No. 37 First Nation and the Onigaming First 
Nation. These communities are located approximately 60 kilometres southeast of Kenora, 
Ontario, with a total band membership of approximately 980 and an on-reserve 
population of approximately 720. Canadian Arrow management has been in regular 
communication with Treaty No. 3 representatives since the spring of 2007, discussing the 
exploration program and plans for potential development.    
 
Formal consultations began in January 2008 between Canadian Arrow Mines and the 
First Nation communities near the project.  A task force was formed by Treaty 3 with 
representatives from these communities and the direction of the Anishinaabeg of 
Kabapikotawangag Resource Council (AKRC) to negotiate an Exploration Agreement 
with the company.   The following First Nations are participating in this process: 
 

x Naotkamegwanning First Nation (aka Whitefish Bay) 
x Northwest Angle # 33 First Nation 
x Northwest Angle # 37 First Nation 
x Onigaming First Nation (aka Sabaskong) 
x Big Grassy First Nation 
x Big Island First Nation 

 
The Exploration Agreement is similar to a Memorandum of Understanding (MOU) and 
provides  a  legal  framework  for  the  parties  to  respect  each  other’s  interests  in  the  area  and  
formalizes processes for employment and business opportunities for participating First 
Nations members and companies.  In addition and as part of the Exploration Agreement,  
Canadian Arrow in cooperation with the First Nations agrees to finance a community 
fund based on the level of exploration work conducted at Kenbridge or in the area and 
complete a Traditional Ecological Knowledge (TEK) study on the project lands.   
 
Baseline environment studies were initiated in the second quarter of 2007 and continued 
throughout 2008.  These studies were conducted by DST Consulting Engineers of 
Thunder Bay, Ontario were designed to provide a thorough assessment of the baseline 
environmental conditions that would support future permitting for the Kenbridge project.   
In addition to the baseline program, Canadian Arrow held numerous public information 
sessions in the surrounding communities as well as inter-agency meetings with the 
various ministries of the Provincial and Federal governments to provide information 
about the project. 
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Figure 21.1.  Treaty 3 Communities 



 

 
Kenbridge Project, Kenora, Ontario Updated Preliminary Assessment Study 

164 

22.0     CAPITAL EXPENDITURES 
 
 
The capital cost estimates are based on general budget pricing from suppliers, 
consultants, contractors and other Canadian projects.  Smaller equipment and facilities 
component costs were factored based on norms for the kind of facility being constructed 
and, where possible, adjusted to reflect local conditions.   
 
Construction and installation labour rates are based on contractor costs in the region, and 
country, for similar types of work.  Where costs were either not available or irrelevant, 
costs from other similar projects, in Canada, were used. The rates include all cost and 
profit components required by contractors.   
 
All cost estimates are in year end Constant 2009 Canadian Dollars. 
 
 
22.1 PROJECT CAPITAL EXPENDITURES 
 
The estimated project preproduction capital expenditures, for the 2,800 tonnes per day 
operation, inclusive of a 15 percent contingency is approximately $107 million.  A 
summary of project capital expenditures is presented in Table 22.1.  This estimate 
includes working capital which is recovered at the end of the project life.  
 
 
22.2 PROJECT SUSTAINING CAPITAL 
  
Sustaining capital reinvestment costs have been estimated for the mine life. The total 
sustaining capital outlay would be approximately $45.5 million, as also presented in 
Table 22.1.  Sustaining capital costs include a 15% contingency. 
 
The major sustaining capital costs are associated with underground mine development, 
tailings storage area capacity increases and mine closure.  Periodic costs are also 
associated with maintaining operations at existing levels, equipment rebuilding and 
replacement.  Mine closure provisions have been assumed to be paid mainly by the 
salvage values of equipment and facilities. 
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Table 22.1. Capital Expenditures Schedule Summary ($). 
 

 

 
 

 
 
 
 
 
 
 

 

Preproduction Operating Years Total
-2 -1 1 2 3 4 5 6 7 8

  Mine Facilities and Equipment 6,519,000 6,955,500 3,815,500 100,000 100,000 100,000 50,000 50,000 10,000 $17,700,000

  Underground Mine Development 6,640,000 11,124,000 10,634,000 4,944,000 4,944,000 4,234,000 $42,520,000

  Infrastructure 1,651,000 15,593,000 100,000 100,000 100,000 100,000 100,000 100,000 100,000 10,000 $17,954,000

  Processsing Plant & Tailings 5,000,000 66,197,000 50,000 100,000 1,363,000 100,000 50,000 100,000 50,000 50,000 $73,060,000

  Non-Processing EPCM 100,000 489,000 131,000 $720,000

  Reclamation and Closure 750,000 $750,000

  Working Capital 5,000,000 3,735,000 0 0 0 0 0 0 -8,735,000 $0

TOTAL EXPENDITURES $6,751,000 $100,438,000 $21,964,500 $14,649,500 $6,638,000 $5,244,000 $4,484,000 $250,000 $200,000 -$7,915,000 $152,704,000
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23.0     OPERATING COSTS 
 
The operating cost estimates for the different areas of the operation have been presented 
in earlier chapters of this report.  All costs are quoted in year end Constant 2009 
Canadian Dollars. 
 
Consumables costs are based on budget prices from other projects in Canada.  The cost of 
power, included in the operating costs, is based on rates in Ontario, with power supplied 
by a power line. 
 
Labour costs for the operating period are based on the manpower schedules presented for 
each department and the associated labour costs (based on the rates for each category of 
employee).  The costs include a fringe benefit component of 30 percent.   
 
Administration operating costs also include costs and taxes for maintaining the property 
in good standing, paying land taxes, etc and resource usage fees (water, etc.).    
 
The total average to smelter operating cost over the mine life is $33.14 per tonne of 
potentially economic mineralization. Table 23.1 presents a summary table showing the 
total annual operating costs for each department and the cost per tonne of potentially 
economic mineralization processed.  The average mining cost per tonne of potentially 
economic mineralization mined would be approximately $23.99 (not including equipment 
leasing costs).  Underground equipment leasing costs average $2.27 per tonne of 
mineralization.  The processing cost would be approximately $11.69 per tonne and 
concentrate transport costs $1.72 per tonne of potentially economic mineralization 
processed, over the mine life.  The surface services cost would be $0.49 per tonne of 
potentially economic mineralization and the general and administration costs would 
average approximately $2.78 per tonne.   
 
Smelting and refining costs based on average costs expected by other nickel projects are 
estimated average between $8.7 and $11.8 million per year.  Refining costs for nickel and 
copper would average between $7.8 and $10.5 million per year, respectively. 
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Table 23.1.  Summary of Mine Operating Costs ($). 
 
 

 

Year Total/
1 2 3 4 5 6 7 8 9 10 Average

MINING Total $18,232,500 $28,385,250 $27,311,750 $27,311,750 $27,311,750 $27,311,750 $22,279,000 $4,923,500 $0 $0 $183,067,250
$/tonne Mined $17.84 $27.77 $26.72 $26.72 $26.72 $26.72 $21.80 $11.45 $0.00 $0.00 $24.14

U/G MINING EQUIPMENT LEASING Total $909,000 2,322,000 2,322,000 2,322,000 2,322,000 2,322,000 972,000 0 0 0 $13,491,000
$/tonne Mined $0.89 $2.27 $2.27 $2.27 $2.27 $2.27 $0.95 $0.00 $0.00 $0.00 $2.27

PROCESSING PLANT Total $11,947,000 11,947,000 11,947,000 11,947,000 11,947,000 11,947,000 11,947,000 5,027,000 0 0 $88,656,000
$/tonne Ore $11.69 $11.69 $11.69 $11.69 $11.69 $11.69 $11.69 $11.69 $0.00 $0.00 $11.69

CONCENTRATE TRANSPORTATION Total $1,301,000 1,852,000 1,852,000 1,852,000 1,852,000 1,852,000 1,324,000 412,000 0 0 $12,297,000
$/tonne Mined $1.27 $1.81 $1.81 $1.81 $1.81 $1.81 $1.30 $0.96 $0.00 $0.00 $1.62

SURFACE SERVICES Total $492,000 492,000 492,000 492,000 492,000 492,000 492,000 246,000 0 0 $3,690,000
$/tonne Mined $0.48 $0.48 $0.48 $0.48 $0.48 $0.48 $0.48 $0.57 $0.00 $0.00 $0.49

GENERAL SERVICES & ADMINISTRATION Total $2,808,000 2,808,000 2,808,000 2,808,000 2,808,000 2,808,000 2,808,000 1,404,000 0 0 $21,060,000
$/tonne Ore $2.75 $2.75 $2.75 $2.75 $2.75 $2.75 $2.75 $3.27 $0.00 $0.00 $2.78

TOTAL OPERATING COSTS $35,689,500 $47,806,250 $46,732,750 $46,732,750 $46,732,750 $46,732,750 $39,822,000 $12,012,500 $0 $0 $322,261,250
TOTAL COST PER TONNE  OF ORE $34.92 $46.78 $45.73 $45.73 $45.73 $45.73 $38.96 $27.94 $0.00 $0.00 $42.49
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24.0 PROJECT SCHEDULE 
 

The Kenbridge Project has a number of opportunities which guarantee a potentially 
shorter and lower cost preproduction period for mining operations.  Because of this other 
aspects of the project will necessarily require acceleration of design, procurement and 
installation.  This means that the operation could be in production in a substantially 
shorter time frame than other equivalent projects. 
 
The main advantages which can accelerate development are: 
 
 1. Open pit mining potential. 

2. Shaft already developed to the 620 metre level. 
 

 
This means that the mine can be placed in production in approximately one and one 
quarter years from completion of detailed surface infrastructure engineering. 
 
The total time required from Feasibility Studies to production, given favourable 
economic results is approximately 3 years.   
 
To ensure all aspects of the project could be completed in approximately 36 months the 
critical path items would be: 
 

1. Completing the environmental permitting studies. 
 
2. Obtaining permits for mining. 
 
3. Completing metallurgical testwork. 
 
4. Preparing a Bankable Feasibility Study requiring approximately 6 to 8 

months, assuming environmental studies can be concluded in the same 
time period. 

 
5. Completing processing plant final design and identifying the long lead 

delivery items, such as SAG mills. 
 
6. Design and permit a tailings storage area based on the potential that it 

contains potentially acid generating material. 
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25.0 FINANCIAL ANALYSIS 
 
 
The potential base case cashflows from the Kenbridge property are calculated at an 
average nickel price of $US7.50 per pound and copper price of $US2.50 per pound.   
 
The cashflow model is included at the end of this section for the combined open pit and 
underground operation at base case metal prices.   
 
Total nickel and copper produced during the mine life is 102.9 million pounds of nickel 
and 56.8 million pounds of copper.   
 
The cashflows exclude any element or impact of financing arrangements.  All exploration 
and acquisition costs incurred prior to the production decision are also excluded from the 
cashflow analysis.  
 
The mine life is estimated at approximately 7.4 years at a production rate of 2,800 tpd of 
potentially economic mineralization. 
  
Capital expenditures, as shown in the capital section, have been scheduled to incur over a 
one and a half year period, which is reflected in the discounted cash flow calculations. 
The cash flows include sustaining capital. 
 
Revenue is based on a bulk concentrate produced at the mine and shipped to a 
smelter/refiner.  Costs for metal sales and shipping are included in the deductions that the 
refiner makes.   
 
The maximum NSR royalty of 2.5 percent paid to Xstrata Nickel is included as all nickel 
price estimates used in the cashflows are above $US 5.00  per pound,  the price above 
which the highest NSR rate (2.5%) applies.  
 
The discounted cash flow analysis uses year end 2009 Constant Canadian Dollar values.   
 
The base case cashflow analysis used metal prices indicated above and CDN:US Dollar 
exchange rate of 1.11.   
 
 
25.1 FINANCIAL RETURNS 

 
The Preliminary Assessment portion of this report has a level of accuracy of +/- 25 
percent.  This Preliminary Assessment study includes the use of Inferred Mineral 
Resources that are considered too speculative geologically to have economic 
considerations applied to them that would enable them to be categorized as Mineral 
Reserves.  Therefore, there is no certainty that the results predicted by this Technical 
Report and the Preliminary Assessment will be realized.  This Technical Report and the 
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Preliminary Assessment also speculates on the impact of exploration success on the 
project economics.  This speculation is intended to provide Canadian Arrow Mines Ltd. 
with direction for future exploration only.   
 
The project investment and PRE-TAX returns for the base case prices would provide 
potential IRR’s  of  22%  and  NPV’s  of  $86 million and $48 million at 5 and 10 percent 
discount rates, respectively.    
 
At nickel prices higher by 20% (approximating the 2 year moving average price) and 
lower by 20% and equivalent copper prices changes, the project investment and returns 
would provide an IRR in the range of 40% to -1%.   Increases in capital and operating 
costs in the order of 15% reduce  IRR’s  to  18%  and 16% respectively, for the base case 
metal prices. 
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Canadian Arrow Mines Ltd. Kenbridge Project Cashflow Model - Base Case
Ni Cu Co  

Pit grade 0.40 0.23 0.007  

U/G Grade 0.95 0.51 0.005

Mill tpd 2,800

Unit Units Year -2 Year -1 Year 1 Year 2 Year 3 Year 4 Year 5 Year 6 Year 7 Year 8 Year 9 Year 10 Total
Value

PRODUCTION

O/P Ore Mined  (tonnes ) 4,615,000 822,000 511,000 511,000 511,000 511,000 511,000 808,000 430,000 4,615,000
O/P Waste Mined (tonnes) 2.40 1,973,000 1,226,000 1,226,000 1,226,000 1,226,000 1,226,000 1,939,000 1,032,000 11,074,000
U/G Ore Mined (tonnes) 2,969,000 200,000 511,000 511,000 511,000 511,000 511,000 214,000 2,969,000
Total ore tonnes 1,022,000 1,022,000 1,022,000 1,022,000 1,022,000 1,022,000 1,022,000 430,000 7,584,000

Ore Grade
  Nickel  ( % ) 0.51 0.68 0.68 0.68 0.68 0.68 0.52 0.40 1.01
  Copper  ( % ) 0.28 0.37 0.37 0.37 0.37 0.37 0.29 0.23 0.56
  Cobalt (%) 0.007 0.006 0.006 0.006 0.006 0.006 0.007 0.007

Contained Metal
  Nickel  (pounds )  11,437,465 15,208,433 15,208,433 15,208,433 15,208,433 15,208,433 11,607,219 3,791,912 102,878,761
  Copper  (pounds ) 6,416,709 8,336,474 8,336,474 8,336,474 8,336,474 8,336,474 6,503,129 2,180,349 56,782,559
  Cobalt (pounds) 148,899 135,186 135,186 135,186 135,186 135,186 148,281 66,358

Mill Recovery Open Pit U/G
  Nickel  ( % ) 74% 92% 78% 83% 83% 83% 83% 83% 78% 74% 0.81
  Copper  ( % ) 86% 94% 87% 90% 90% 90% 90% 90% 87% 86%
  Cobalt (%) 40% 40% 40% 40% 40% 40% 40% 40% 40% 40%

Recovered Metal
  Nickel  (pounds )  8,891,722 12,661,021 12,661,021 12,661,021 12,661,021 12,661,021 9,052,472 2,813,599 84,062,896
  Copper  (pounds ) 5,600,832 7,481,986 7,481,986 7,481,986 7,481,986 7,481,986 5,683,480 1,868,559 50,562,801
  Cobalt (pounds) 59,559 54,074 54,074 54,074 54,074 54,074 59,313 26,543

Concentrate Grade  ( % nickel ) 12% 12% 12% 12% 12% 12% 12% 12% 12%
Concentrate Produced  ( tonnes) 33,610 47,858 47,858 47,858 47,858 47,858 34,218 10,635 317,756

Payability of Metal
  Nickel  ( % ) 0.92 92% 92% 92% 92% 92% 92% 92% 92%
  Copper  ( % ) 0.89 89% 89% 89% 89% 89% 89% 89% 89%
  Cobalt (%) 0.50 50% 50% 50% 50% 50% 50% 50% 50%

Payable Metal
  Nickel  (pounds )  8,180,385 11,648,139 11,648,139 11,648,139 11,648,139 11,648,139 8,328,275 2,588,511 77,337,865
  Copper  (pounds ) 4,984,741 6,658,967 6,658,967 6,658,967 6,658,967 6,658,967 5,058,297 1,663,018 45,000,893
  Cobalt (pounds) 29,780 27,037 27,037 27,037 27,037 27,037 29,656 13,272
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METAL PRICES

  Nickel  ( US $ / pound ) 7.50 $7.50 $7.50 $7.50 $7.50 $7.50 $7.50 $7.50 $7.50 $7.50 $7.50
  Copper  ( US $ / pound ) 2.50 $2.50 $2.50 $2.50 $2.50 $2.50 $2.50 $2.50 $2.50 $2.50 $2.50
  Cobalt (US $ / pound) 12.00 $12.00 $12.00 $12.00 $12.00 $12.00 $12.00 $12.00 $12.00 $12.00 $12.00

  Exchange Rate  ( US $ / Cdn. $ ) 0.90 $0.90 $0.90 $0.90 $0.90 $0.90 $0.90 $0.90 $0.90 $0.90 $0.90

  Nickel  ( Cdn. $ / pound ) $8.33 $8.33 $8.33 $8.33 $8.33 $8.33 $8.33 $8.33 $8.33 $8.33
  Copper  ( Cdn. $ / pound ) $2.78 $2.78 $2.78 $2.78 $2.78 $2.78 $2.78 $2.78 $2.78 $2.78
  Cobalt  ( Cdn. $ / pound ) $13.33 $13.33 $13.33 $13.33 $13.33 $13.33 $13.33 $13.33 $13.33 $13.33

REVENUE AND EXPENDITURE  ( Cdn. $)
Revenue From Metal Sales
  Nickel 0 $68,170,000 $97,068,000 $97,068,000 $97,068,000 $97,068,000 $97,068,000 $69,402,000 $21,571,000 $0 $0 $644,483,000
  Copper 0 $13,847,000 $18,497,000 $18,497,000 $18,497,000 $18,497,000 $18,497,000 $14,051,000 $4,619,000 $0 $0 $125,002,000
  Cobalt $397,000 $360,000 $360,000 $360,000 $360,000 $360,000 $395,000 $177,000 $0 $0 $2,769,000

      TOTAL SALES REVENUE 0 $82,414,000 $115,925,000 $115,925,000 $115,925,000 $115,925,000 $115,925,000 $83,848,000 $26,367,000 $0 $0 $772,254,000

OPERATING COSTS
  O/P Mining Ore 4.25 $3,493,500 $2,171,750 $2,171,750 $2,171,750 $2,171,750 $2,171,750 $7,474,000 $1,827,500 $0 $0 $23,653,750
  O/P Mining Waste 3.00 $5,919,000 $3,678,000 $3,678,000 $3,678,000 $3,678,000 $3,678,000 $5,817,000 $3,096,000 $0 $0 $33,222,000
  U/G Mining 42.00 $7,720,000 $19,725,000 $21,462,000 $21,462,000 $21,462,000 $21,462,000 $8,988,000 $0 $0 $0 $122,281,000
  U/G Trucking Cost 5.50 $1,100,000 $2,810,500 $3,910,500
  U/G Mining Equipment Leasing 4.54 $909,000 $2,322,000 $2,322,000 $2,322,000 $2,322,000 $2,322,000 $972,000 $0 $0 $0 $13,491,000
  Processing 11.69 $11,947,000 $11,947,000 $11,947,000 $11,947,000 $11,947,000 $11,947,000 $11,947,000 $5,027,000 $0 $0 $88,656,000
  Concentrate Transportation 38.70 $1,301,000 $1,852,000 $1,852,000 $1,852,000 $1,852,000 $1,852,000 $1,324,000 $412,000 $0 $0 $12,297,000
  Surface Services $492,000 $492,000 $492,000 $492,000 $492,000 $492,000 $492,000 $246,000 $0 $0 $3,690,000
  General and Administration $2,808,000 $2,808,000 $2,808,000 $2,808,000 $2,808,000 $2,808,000 $2,808,000 $1,404,000 $0 $21,060,000
  Smelting  ( $US212 / tonne conc. ) 235.56 0 $7,917,000 $11,273,000 $11,273,000 $11,273,000 $11,273,000 $11,273,000 $8,060,000 $2,505,000 $0 $0 $74,847,000
  Refining - Nickel  ( $US0.55/ pound ) 0.61 0 $4,999,000 $7,118,000 $7,118,000 $7,118,000 $7,118,000 $7,118,000 $5,090,000 $1,582,000 $0 $0 $47,261,000
  Refining - Copper  ( $US0.40 / pound ) 0.44 0 $2,215,000 $2,960,000 $2,960,000 $2,960,000 $2,960,000 $2,960,000 $2,248,000 $739,000 $0 $0 $20,002,000

      TOTAL OPERATING COSTS 0 $50,820,500 $69,157,250 $68,083,750 $68,083,750 $68,083,750 $68,083,750 $55,220,000 $16,838,500 $0 $0 $464,371,250

      OPERATING PROFIT 0 $31,593,500 $46,767,750 $47,841,250 $47,841,250 $47,841,250 $47,841,250 $28,628,000 $9,528,500 $0 $0 $307,882,750

Less Xstrata Net Smelter Royalty 2.5% $970,000 $1,421,000 $1,448,000 $1,448,000 $1,448,000 $1,448,000 $899,000 $296,000 $0 $0 $9,378,000
Less : Federal & Provincial Taxes 30%

      CASH FLOW AFTER TAX 0 $30,623,500 $45,346,750 $46,393,250 $46,393,250 $46,393,250 $46,393,250 $27,729,000 $9,232,500 $0 $0 $298,504,750

CAPITAL EXPENDITURES

  Mine Facilities and Equipment 6,519,000 6,955,500 $3,815,500 $100,000 $100,000 $100,000 $50,000 $50,000 $10,000 $17,700,000
  U/G Mine Development 6,640,000 11,124,000 $10,634,000 $4,944,000 $4,944,000 $4,234,000 $42,520,000
  Infrastructure 1,651,000 15,593,000 $100,000 $100,000 $100,000 $100,000 $100,000 $100,000 $100,000 $10,000 $17,954,000
  Processsing Plant 5,000,000 65,307,000 $50,000 $100,000 $50,000 $100,000 $50,000 $100,000 $50,000 $50,000 $70,857,000
  Tailings Management 890,000 $1,313,000 $2,203,000
  Non Processing EPCM 100,000 $489,000 $131,000 $720,000
  Reclamation and Closure $750,000 $750,000
  Working Capital $5,000,000 $3,735,000 $0 $0 $0 $0 $0 0 -$8,735,000 $0

      ANNUAL CASH FLOW -6,751,000 -$100,438,000 $8,659,000 $30,697,250 $39,755,250 $41,149,250 $41,909,250 $46,143,250 $27,529,000 $17,147,500 $0 $0 $145,800,750

NET PRESENT VALUE OF CASH FLOW  

      Discounted at 5 % / year $86,349,000
      Discounted at 10 % / year $47,559,000
      Discounted at 15 % / year $21,888,000

INTERNAL RATE OF RETURN 22.0%
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26.0     CONCLUSIONS AND RECOMMENDATIONS 
 
 
26.1 CONCLUSIONS 
 
This study has identified a potential diluted mineable resource, for open pit mining, of 
4,615,000 tonnes at grades of 0.40% nickel, 0.23% copper and 0.007% cobalt of 
measured and indicated resources.  In addition a diluted potentially mineable mineral 
resource estimate for underground mining, at a $63 per tonne NSR cutoff, consists of 
220,000 tonnes at a grade of 0.92% Ni, 0.40% Cu and 0.032% Co of measured, 1,710,000 
tonnes at a grade of 0.91% Ni, 0.46% Cu and 0.027% Co of indicated and 1,040,000 
tonnes at a grade of 1.03% Ni, 0.62% Cu and 0.021% Co of inferred resources.    
 
A proposed mining and processing rate of 2,800 tonnes per day and the proposed 
crushing grinding, flotation and bulk concentrate production flowsheet for the processing 
plant would provide recoveries of approximately 82% for nickel and 95% for copper. 
 
This Preliminary Assessment has a level of accuracy of +/- 25 percent.  All IRR and NPV 
results are calculated on a before tax basis.   
 
Using base case metal prices for nickel of $US7.50 per pound and copper of $US2.50 per 
pound the project PRE-TAX IRR is approximately 22% with  NPV’s  of  $86  million  and 
$48 million at 5 and 10 percent discount rates, respectively.  At nickel prices higher by 
20% (approximating the 2 year moving average price) and lower by 20% and equivalent 
copper prices changes, the project investment and returns would provide an IRR in the 
range of 40% to -1%.   Increases in capital and operating costs in the order of 15% reduce 
IRR’s  to  18%  and 16% respectively, for the base case metal prices. 
 
This study indicates that the Kenbridge Property has a highly promising resource which 
at base case nickel and copper prices would provide Canadian Arrow with reasonable 
financial returns and a relatively quick payback (2.8 years) of the initial capital 
investment.    
 
Given the results the project should proceed to a Bankable Feasibility Study.   
 
    
26.2 RECOMMENDATIONS 
 

1. Prepare a Bankable Feasibility Study on the Kenbridge Project for completion 
in 2010.  Table 26.1 presents a preliminary potential budget for a Feasibility 
Study as a guideline with the expenditures required totalling $3.5 million. 
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2. Priorities for the Bankable Feasibility Study should be: 

 
Geology 
 

a) Continued exploration on the property to improve/upgrade the existing 
mineral resources and expand mineral resources. 

 
Mine 
 

b) A comprehensive geotechnical programme should be instituted as 
soon as possible, through engaging of a geotechnical consultant, to 
improve rock mechanics information for potential open pit slope 
stability and underground openings span parameters.  It would also 
provide geotechnical information on possible facilities sites. 

 
c) Identify other potential long lead time order and delivery items 

(headframe, hoists and SAG mill already identified) which are on the 
project critical path and expedite decision making on purchasing these 
items.  

 
Metallurgy and Processing 

 
d) Further optimization tests should be undertaken using representative 

samples of Kenbridge mineralization.   Once the optimum flotation 
process has been defined on this material, the flowsheet should be 
tested using a wide range of samples that represent the mineral 
resource both mineralogically and spatially. 
 

e) Additional grinding and crushing tests need to be undertaken so that 
the comminution circuit design can be confirmed. 

 
f) Future testwork should assess potential deleterious elements and 

mineral species that could be detrimental to the marketing of the final 
product.   

 
g) A simple scoping study should be conducted to compare the benefits 

of producing a bulk concentrate or two separate copper and nickel 
products.  This desk-top study should be undertaken prior to any 
additional metallurgical work. 
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Table 26.1.  Potential Feasibility Study Expenditures Preliminary Estimate 
 
 

Component Total Cost 
($) 

Environmental Base Line Studies/EIA $1,000,000 
Tailings & Water Management $   300,000 
Geology $   180,000 
Rock Mechanics Incl. Drilling &Testing $   250,000 
Mining $   420,000 
Metallurgical Testwork $   450,000 
Processing $   400,000 
Infrastructure $   320,000 
Report Compilation $     80,000 
Study Project Management $   100,000 

TOTAL COST $3,500,000 
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Infrastructure 
 

h) Discussions with Hydro One should commence early in the project 
Feasibility Study stage to determine the feasibility of installing a 
powerline and connection to the Ontario power grid.  This is because 
dealings with Hydro One can be lengthy and complicated, depending 
on the project and its requirements.     
 

Environmental Studies 
 

i) Complete baseline studies and an EIA in a timely manner. 
 
j) Acid base accounting (ABA) tests  performed on representative waste 

rock samples to better determine potentially acid generating rock and 
the waste stockpile(s) design and operational requirements.  This will 
determine whether a special base with or without a lining, to prevent 
groundwater contamination will be required as well. 
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Canadian Arrow Mines Ltd.
Kenbridge Project

OPEN PIT OPERATING COST ESTIMATE
ORE MINING

BASED ON 1400 TPD
(estimated mine life daily average)

LABOUR COST
(including payroll burden-incl. absenteeism, off site crew)

SUPERVISORY/TECHNICAL LABOUR NUMBER/DAY YEARLY COST/ YEARLY COST
EMPLOYEE

SUPERINTENDENT 0.2 $168,000 $25,200
SUPERVISOR 0.6 $140,000 $84,000
TECHNICIAN/SURVEYOR 0.2 $112,000 $16,800
GEOLOGY TECHNICIAN/SAMPLER 0.2 $112,000 $16,800

TOTAL 1.1 $142,800

COST $/TONNE $0.28

EQUIPMENT OPERATING LABOUR NUMBER/DAY YEARLY COST/ YEARLY COST
EMPLOYEE

DRILL OPERATOR 1.0 $114,750 $114,750
EXCAVATOR 1.0 $114,750 $114,750
TRUCK OPERATOR 1.3 $114,750 $152,618
DOZER OPERATOR 1.2 $114,750 $137,700
GRADER OPERATOR 0.0 $101,250 $0
WATER TRUCK OPERATOR 0.0 $101,250 $0
BLASTER 0.6 $114,750 $68,850
MECHANIC 2.0 $114,750 $229,500
FUEL & LUBE TRUCK DRIVER 0.6 $101,250 $60,750
LABOURERS 1.0 $87,750 $87,750
 TOTAL 9 $966,668

COST $/TONNE $1.92

EQUIPMENT PARTS

EQUIPMENT NUMBER DAILY COST HOURLY COST hr/day

DRILL 0.3 $60 $20 10
EXCAVATOR 0.3 $139 $33 14
TRUCK (CAT 769D) 1 $216 $12 18
DOZER 0.1 $22 $14 16
GRADER 0.1 $6 $8 8
WATER TRUCK 0.1 $6 $7 8
EXPLOSIVES TRUCK 0.1 $4 $7 5
FUEL & LUBE TRUCK 0.1 $3 $7 4
PICK UP TRUCKS 1 $40 $5 8

TOTAL $495

COST $/TONNE $0.35

FUEL
$0.90 /LTR.

EQUIPMENT NUMBER DAILY COST lt/hr hr/day

DRILL 0.3 $81 30 10
EXCAVATOR 0.3 $265 70 14
TRUCK 1 $567 35 18
DOZER 0.1 $86 60 16
GRADER 0.1 $19 26 8
WATER TRUCK 0.1 $11 15 8
EXPLOSIVES TRUCK 0.1 $7 15 5
FUEL & LUBE TRUCK 0.1 $5 15 4
PICK UP TRUCKS 1 $36 5 8

TOTAL $1,077

COST $/TONNE $0.77

EXPLOSIVES



AN/FO
P/F(kg/t) $/kg DAILY COST

0.28 0.550 $216
TOTAL $216

COST $/TONNE $0.15

EXPLOSIVES ACCESSORIES

CAPS, PRIMERS, DET. CORD
# HOLES COST/EA DAILY COST

4 $20.00 $80
TOTAL $80

COST $/TONNE $0.06

DRILLING SUPPLIES

BITS AND STEEL
# HOLES COST/EA DAILY COST

4 $7.00 $28
TOTAL $28

COST $/TONNE $0.02

HAULAGE TRUCK TIRES

TIRES
TRUCK HRS/DAY COST/HR DAILY COST NO. OF TRUCKS

18 $5.25 $95 1
TOTAL $95

COST $/TONNE $0.07

MISCELLANEOUS SUPPLIES

SUPPLIES
COST/DAY DAILY COST

$130.00 $130
TOTAL $130

COST $/TONNE $0.09

KENBRIDGE OPEN PIT OPERATING COST SUMMARY

ITEM TOTAL COST/ TONNE MINED @ 1,400 ORE TPD

SUPERVISORY/TECHNICAL LABOUR $0.28
EQUIPMENT OPERATING LABOUR $1.92
EQUIPMENT PARTS $0.35
FUEL $0.77
EXPLOSIVES $0.15
EXPLOSIVES ACCESSORIES $0.06
DRILLING SUPPLIES $0.02
HAULAGE TRUCK TIRES $0.07
MISCELLANEOUS SUPPLIES $0.09

TOTAL COST $/TONNE   $3.71

Equipment Leasing/Contractor Cost $0.54

TOTAL COST $/TONNE $4.25



Canadian Arrow Mines Ltd. - Kenbridge Project
Longhole Stoping Costs

S.G. 3.1
Production (tonnes per day) 1,414

Stope Width (m) 8
Stope Length (m) 50
Stope Height (m) 40
Tonnes Per Stope (tonnes) 49,600

Drilling
Blasthole Spacing (m) 2.3
Blasthole Ring Spacing (m) 2.3
Blastholes Per Stope 88
Metres Drilled Per Stope 3,124

Key Consumables Prices
Diesel Fuel $1.05
Lube 20% of fuel cost
ANFO $0.74 /kg
Backfill per tonne

Unit Cost Units Quantity Units Total Cost
($)

DIRECT MINING COSTS

LONGHOLE STOPE DEVELOPMENT
Sill Development $4,800 /metre $360,000
Fuel & Lube $28 /hr. 22 l/hr. $1,000 $7.28

LONGHOLE MINING
Drilling
L/H Drilling Consumables $5.9 /m $18,000
L/H Drilling Maintenance Parts $8.3 /m $26,000 $0.89

Blasting
L/H Blasting Materials
Fragmax $0.74 /kg 7 kg/m $16,000
Accessories $30 /hole $3,000
Fixed Costs $25,000 /mth $13,000 $0.65

Mucking
L/H Mucking Operating $32 /hr. 30 l/hr. 45 tonnes per hour $23,000
L/H Mucking Maintenance Parts $50 /hr. $36,000 $1.19

BACKFILL $3.75 /tonne of ore $186,000 $3.75

TOTAL STOPING COST PER STOPE $682,000
STOPING COST PER TONNE $13.80

MINE INDIRECT COSTS

Operating Days Per Year 350
Yearly Cost

Service Vehicles
Service Trucks $25 /hr. $158,000
Mancarriers $20 /hr. $126,000
TOTAL SERVICE VEHICLES COST $284,000

Services & Ventilation Power
Surface Fans $0.08 /kwhr 336 kW/hr. $235,000
U/G Fans $0.08 /kwhr 373 kW/hr. $261,000
Pumping & Misc. $0.08 /kwhr 350 kW/hr. $245,000
TOTAL POWER COST $741,000
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MINE AIR HEATING $896,000

Hoisting C&M
Hoist Power $0.08 /kwhr 485 kW/hr. $244,000
Hoist Maintenance $50,000 /year $50,000
Shaft & Conveyance Maintenance $50,000 /year $50,000
Loading Pocket Maintenance $50,000 /year $50,000

Total Hoisting Facilities C&M Cost $394,000

Hoisting Labour
Hoistman $104,000 4 $416,000
Cage/Skip Tender $104,000 4 $416,000
Hoist Mechanic $104,000 1 $104,000
Labourer $99,500 4 $398,000

Total Hoisting  Labour Cost 13 $1,334,000

TOTAL HOISTING COST $1,728,000

TOTAL YEARLY SERVICES COST $3,649,000
SERVICES COST PER TONNE $7.20

TOTAL HOISTING COST PER TONNE $3.40

MINE LABOUR (Incl. Fringes)

Yearly Complement Total 
Cost Cost

Driller $145,000 4 $580,000
Blaster $145,000 1 $145,000
Blasting Helpers $125,500 1 $125,500
Muckers $145,000 4 $580,000
Cable Bolter $145,000 4 $580,000
Services $125,500 4 $502,000
Mechanics $145,000 15 $2,175,000
Welder $145,000 1 $145,000
Electrician $145,000 4 $580,000
Labourers $99,500 4 $398,000
Construction Crew $138,500 4 $554,000
Supervisor $158,000 4 $632,000

TOTAL LABOUR COST 50 $6,996,500
LABOUR COST PER TONNE $13.80 /t

MINE STAFF (Incl. Fringes)

Position Annual Total
Salary Complement

Mine Superintendent $229,500 1 $230,000
Chief Engineer $175,500 1 $176,000
Mine Engineer/Rock Mechanics $135,000 1 $135,000
Mine Plannner $114,750 1 $115,000
Ventilation/Surveyor Technician $108,000 1 $108,000
Surveyor Helper $101,250 1 $101,000
Chief Geologist $175,500 1 $176,000
Mine Geologist $135,000 1 $135,000
Geological Technician $108,000 4 $432,000
Mine Trainer/H&S Coordinator $135,000 1 $135,000

TOTAL MINE STAFF 13 $1,743,000
MINE STAFF COST PER TONNE $3.40 /t

TOTAL MINING COST PER TONNE $38.20 /t
Contingency (10%) $3.80 /t

MINING COST PER TONNE $42.00 /t
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