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1.2

1.3
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INTRODUCTION

MANDATE AND SCHEDULE OF WORK

In September 2014, Labec century Iron Ore inc. (LCIO) granted the mandate to WESA, a
division of BluMetric, (WESA) and LVM inc., a Division of Englobe Corporation inc. (LVM) to
respectively perform Hydrogeological and Geotechnical Feasibility Studies for the Joyce Lake
and Area Direct Shipping Ore (Joyce Lake DSO) Project.

The mandate included site work consisting of drilling boreholes, logging cores and in situ
testing for both the Hydrogeological and Geotechnical aspects. The site investigation work was
followed by laboratory testing and a series of three study reports cover the site investigation.
WESA is responsible for the Hydrogeology feasibility Study and LVM is responsible for the
Geotechnical Feasibility Study. The geotechnical Feasibility Study is two folds: one part
concerns the pit slope analysis and design and, the other one concern the mine infrastructures
of the surrounding areas. This report presents the results of the pit slope analysis and design.

The three stand-alone reports are:

» Joyce Lake and Area DSO Project - Hydrogeological Study;

» Joyce Lake and Area DSO Project — Geotechnical Engineering Feasibility Study — Open Pit
Design (Current Report);

» Joyce Lake and Area DSO Project — Geotechnical Feasibility Study — Surrounding Areas.
The site investigation work, the study and the reporting have been completed during Fall 2014.

PROJECT DESCRIPTION

The Joyce Lake property is located in the western part of the Labrador Trough iron range and
about 1,200 km northeast of Montreal and 20 km north east of the town of Schefferville (see
Appendix 1). The Joyce Lake DSO project mainly consists of an Open Pit Mining, Beneficiation
Plant, Access roads, Workers Camp, Haul road leading to a railway loop and loading station.
The ore is extracted from the pit, sent to a dry plant to be processed, loaded on trucks, hauled
to the loading railway loop and loaded on train for shipment to the Pointe Noire Harbour facility
near Setp-iles, Québec. The general layout of the installations is shown on Appendix 1.

REPORT ORGANIZATION

The report is composed of 10 chapters. The current chapter introduces the scope and
schedule of the project and the structure of the report. The general site characteristics and
geological settings are presented in chapter 2. The field investigation work is described in
chapter 3. The geotechnical characteristic of the lithology, of the intact rock and the rock mass
are presented in chapter 4. Chapters 6 and 7 address the pit slope design and stability issues.
Finally, chapters 8 and 9 present the recommendations and conclusion of the report. While
chapter 10 presents the list of references.
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SITE PHYSICAL SETTING

Most of the background and geological information was obtained from previous studies and
reports, conducted for the Joyce Lake project. This includes reports prepared by CIMA+
(Preliminary Economic Assessment (PEA) Study Report for the Joyce Lake DSO Project), SRK
(Independent Technical Report, Attikamagen Iron Project, Schefferville Area, Québec) and
SGS (Mineral Resource Update Joyce Lake DSO Iron Project Newfoundland & Labrador /

NI 43-101 Technical Report Joyce Lake DSO Iron Project NewfoundLand & Labrador). Some
excerpts from these reports are presented in this chapter.

LOCATION

The Joyce lake property is located on a peninsula, bordered by the Attikamagan Lake. The
peninsula is about 3.5 km wide where Joyce Lake is located. The lake itself is oblong and
oriented approximately N300 with roughly a length of 1360 m and a width of 340 m. The
proposed open pit mine is located north-west of Joyce Lake and intercepts the lake in its West
part.

The South part of the Attikamagan Lake, named Iron Arm range, separates the Joyce Lake
peninsula from the South shore of Attikamagan Lake.

There is no access road connecting the Joyce Lake property to western Labrador or elsewhere
in Quebec. There is a gravel road connecting Schefferville to Iron Arm South shore. Some
locals have seasonal cabins along the Iron Arm range south shore.

There are presently no roads connecting the Iron Arm Camp South shore to Joyce Lake
property on its North Shore. Helicopter or floatplane can access Joyce Lake at Summer time or
skidoos can be used to cross Iron Arm range during winter time.

Figure 1 shows the location of the project.
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2.2

Figure 1: Project Location
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Figure 2 shows regional geology and major geological structures (faults, foliation and bedding)

around Joyce Lake.
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Figure 2: Regional geology around Joyce Lake (after Geology of the South-Central Labrodor Trough, Map 82-5, Government of
Canada)
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2.2.1 Lithology
The Labrador Trough, that is also called the Labrador-Quebec Fold Belt, extends North-South
for more than 1,000 km along the eastern margin of the Superior craton from Ungava Bay to
Lake Pletipi, Quebec. The belt is about 100 km wide in its central part and becomes narrower
at the north and south.
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The Labrador Trough is a sequence of Proterozoic sedimentary rocks including iron formation,
volcanic rocks and mafic intrusions forming the Kaniapiskau Supergroup. The Kaniapiskau
Supergroup is comprised of the Knob Lake Group in the western part and the Doublet Group
which is primarily volcanic in the eastern part. To the west of Schefferville, rocks of the Knob
Lake Group lie unconformably on Archean gneisses and, to the east; they pass into the
eugeosynclinal facies of the Labrador Trough. The Kaniapiskau Supergroup has been intruded
by numerous diabase dikes known as the Montagnais Intrusive Suite. These dikes along with
the Nimish volcanic rocks are the only rock types representing igneous activity in the western
part of the central Labrador Trough.

The Knob Lake Group includes the Sokoman Formation which is the main exploration target of
the Joyce Lake Iron Project.

Deposit Geology

The iron formations of the Sokoman Formation are classified as Lake Superior type. They
consist of a banded sedimentary unit composed principally of bands of magnetite and hematite
within chert-rich rocks and variable amounts of silicate-carbonate-sulphide. Such iron
formations have been the principal sources of iron throughout the world. Superior-type iron
formations with low iron tenor can be locally brought to “ore grade” through the process of
enrichment by leaching and deep weathering processes due to seepage of meteoric and
syn-orogenic fluids. Hydrothermal and meteoric fluids circulating through the banded iron
formation during the Hudsonian orogenesis recrystallized iron minerals to hematite, and
leached silica and carbonate gangue. The result is a residually enriched iron formation that
may be further enriched, whereby iron oxides (goethite, limonite), hematite and manganese are
redistributed into the openings left by the primary leaching phase, and/or deposited along
fracture/cleavage surfaces and in veinlets. Almost all the iron deposits near surface in the
Labrador Trough are enriched to some degree by these processes. The minimum iron content
required to be considered as economic at a given market price is generally greater than thirty
percent iron. Iron oxides must also be amenable to concentration (beneficiation) and the
concentrates produced must be low in manganese, aluminum, phosphorus, sulphur and
alkalis. Beneficiation involves segregating the silicate and carbonate gangue and other rock
types inter-bedded within the iron formation from the iron-rich oxides.

The iron formation occurring on the Joyce Lake Iron Project consists mostly of subunits of the
Sokoman Formation characterized by recrystallized chert and jasper with bands and
disseminations of magnetite, hematite and martite; a type of hematite pseudomorph after
magnetite and specularite. Other gangue minerals are a series of iron silicates comprised of
minnesotaite, pyrolusite and stilpnomelane and iron carbonate, mainly siderite.
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Major Structures

Three major structural zones have been identified in the area of Joyce Lake:

» Western marginal zone (Howells River area);
» Zone of close spaced folds and thrust faults (Schefferville Mining District);

» Eastern zone of more widely spaced folds and faults.

The Iron Arm - Attikamagen Lake area is within the Eastern Zone and lies on the eastern limb
of the Petitsikapau Synclinorium, a major structural feature in the central part of this zone.

The Eastern Zone lies to the northeast of the Knob Lake thrust fault and extends to the Iron
Arm - Attikamagen Lake area (Harrison et al., 1972). It is believed to be underlain by strata of
the Attikamagen, Denault, Dolly, Wishart, Ruth, Sokoman and Menihek Formations. Apart from
the Knob Lake fault, only one other major thrust fault was defined by Harrison et al. (1972) in
this area. This fault lies about 3.2 km east of the Knob Lake fault and brings strata of the
Denault against the Sokoman Formation.

As shown on figure 2, the structural picture is a confused one around Joyce Lake. At least
three episodes of deformation have identified on previous field exploration.

CLIMATE AND PHYSIOGRAPHY

The Schefferville area has a subarctic continental taiga climate with very harsh winters. Daily
average temperatures exceed 0°C for only five months a year. Daily mean temperatures for
Schefferville average - 24.1°C and -22.6°C in January and February respectively. Mean daily
average temperatures in July and August are 12.4°C and 11.2°C, respectively. Snowfall in
November, December and January generally exceeds 50 cm per month and the wettest
summer month is July with an average rainfall of 106.8 mm.

The Joyce Lake Property is located within a relatively rugged physiography with rolling hills and
valleys reflecting the structure of the underlying bedrock. Elevation in the Project Area can vary
from 472 m on the shores of Iron Arm up to 583 m at the high point. Joyce Lake surface is
about 502 m in elevation. The natural overburden material in the area is mainly composed of till
and glacial deposits are present throughout the area, except on the ridgelines.

PERMAFROST

Permafrost in the area of Schefferville is described as Sporadic. Usually, permafrost is found in
high grounds where snow cover is minimized by winds and is not generally present near and
under wetlands and lakes. Visual observations at the open pit site have shown that the
overburden thickness is not important and that rock outcrops are well present.
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GEOTECHNICAL SITE INVESTIGATION
PLANNED OPEN PIT MINE

An optimized open pit shell was developed by others based on the block model of the resource
for Joyce Lake project. The optimised open pit constitutes the minimal excavation required for
access to the iron ore, meeting the DSO mining criteria. The optimized open pit layout as of
September 22™ 2014 is shown in Appendix 1. The proposed open pit reaches a depth of about
150 m and it extends approximately 700 m in East-West and 600 m in North-South direction.

SITE INVESTIGATION PROGRAM

The geotechnical site investigation for the feasibility study of the open pit consisted of four
inclined boreholes (BH-P-01 to BH-P-04), driven to a vertical depth of 150m. The field work
campaign took place from September 22™ to October 13", 2014. This investigation included:

» Drilling of four inclined HQ-3 size diamond coring geotechnical holes with core orientation;

v

Geotechnical core logging including description and orientation of discontinuities;

v

Core photographs; and

v

Collection of rock samples for laboratory testing.

A total of 653 m core was drilled. The geotechnical boreholes were oriented against the pit
wall slopes. The locations of the four boreholes are shown in Appendix 1 along with the
locations of the four vertical boreholes performed by WESA within the scope of the
hydrogeological feasibility study. Rock description of the WESA boreholes were taken into
consideration within this study.

In order to respect the schedule and to meet the high quality requirement of the project, three
senior geologists of LVM were mobilized on the site. The drilling work was undertaken 24
hours a day under the supervision of two senior geologists (day and night shifts). A first logging
was performed by one of these senior geologists at the drill shack as drilling proceeds. A
second logging and verification was done by a third senior geologist, after transporting the core
boxes by helicopter to Schefferville at the LCIO core shack.

BOREHOLE DRILLING

The boreholes were drilled using a Boart-Longyear LF-70 drill rig. The LF-70 modular design
consists of seven sections that can be moved by helicopter for reaching remote locations. The
drilling core size was HQ-3 (triple core barrel) and occasionally HQ size was used in highly
crushed rock zones. The diameter of the rock cores are 61.1 and 63.5 mm, respectively.

Core orientation is considered an essential piece of data in order to assess the main
orientation of discontinuities and estimate geomechanical properties of rock masses. It allows
identifying precisely the original orientation of a core sample prior to its extraction from the
ground. The CorientR device developed by Fordia inc. in Canada was used to identify the
bottom of the core in order to determine its original orientation in the rock mass. Based on the
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orientation data collected from these holes, stereographic projections were prepared and are
presented in chapter 4.

BOREHOLES SURVEY

Initials boreholes ground survey was performed using a hand held GPS and by measuring the
elevation of the surface ground on the LIDAR 3D topographic model available for the project.
The drilling sites were flat and horizontal. The precision of the location and elevation using this
method is satisfactory in view of the open pit size and depth.

Final survey was performed by LCIO at the end of site investigation work using high precision
differential GPS (DGPS).

DOWNHOLE SURVEY

Deviation of the inclined holes during drilling advancement is sometimes significant, especially
with long boreholes and small drilling sizes. A Ranger Borehole Survey System was used to
monitor the plunge angle and azimuth deviations along the full boreholes lengths. The
instrument is inserted in the borehole after completion.

Deviations from the hole alignment were measured and represent less than 2% of the angles
which is considered acceptable.

GEO-MECHANICAL CORE LOGGING

The core logging was performed in two steps. A first core logging was performed by a senior
geologist at the drill rig, as drilling proceeds. It consisted in documenting the rock cores and
nature of the rock formation, the run length and the depth of the beginning and the end of the
run. The following parameters were recorded and measured at this stage:

» Rock Type and Geological Description.

» TCR: Total Core Recovery (%) is the total length of the core recovered, including broken
zones, divided by the total length of the core drilled.

» RQD: Rock Quality Designation- is determined from the following expression proposed by
Deere et al. (1969): RQD (%) =100 times the sum of the lengths of core in pieces equal to or
longer than 10 cm divided by the length of core run.

» Fracture frequency is the number of natural fractures which occur over the length of core
examined or per unit length (Mechanical breaks and fractures with length of persistence less
than the core diameter is not included in this calculation).

Once these parameters were included in the borehole log, the rock cores were photographed
to document the state of the cores prior to shipment to the core shack located in Schefferville.
The Core boxes were transported by helicopter directly from the drill rig to the core shack.

A second geologist, in Schefferville, completed the core logging by assessing the strength of
intact rock and its weathering and/or alteration indices as well as measuring the structural
properties of discontinuities of the cores.
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The hardness scale shown in Table 1, based on the International Society of Rock Mechanics
(ISRM, 1981), was employed for field estimation of intact rock strength.

The ISRM strength classification is based on simple mechanical tests, which can be easily
performed in the field. Wherever possible, the full range of tests was performed to determine
hardness, including hitting the core with a rock hammer, scraping or peeling with a knife and
scratching with the thumbnail, as per the procedures described in the table.

Table 1: Strength Index description (after ISRM, 1981)

APPROXIMATIVE RANGE
OF UNIAXIAL
GRADE | DESCRIPTION FIELD IDENTIFICATION COMPRESSIVE
STRENGTH (MPa)
Extremely weak :
RO Indented by thumbnail 0.25-1.0
rock
Crumbles underfirm blows with point of
R1 Very weak rock | geological hammer, can de peely by a pocket 1.0-5.0

knife

Can be peeled by a pocket knife with difficulty,
R2 Weak rock shallow indentations made by firm blow with 50-25
point of geological hammer

Medium strong Cannot be scraped or peeled with a pocket

R3 knife, specimen can be fractured with single 25-50
rock . )
firm blow or geological hammer
R4 Strong rock Specimen requires more than one plow of 50— 100
geological hammer to fracture it
R5 Very strong rock Specimen requires many blows .of geological 100 — 250
hammer to fracture it
Extremely Specimen can only be chipped with geological
R6 > 250
strong rock hammer

The degree of weathering and/or alteration was recorded on a per run basis during the
geotechnical core logging. The weathering process describes the breakdown of rock by
physical processes, while the hydrothermal and/or supergene alteration processes cause the
alteration and breakdown of the intact rock by chemical processes. The degree of weathering
or alteration tends to cause a reduction in the rock strength and competency. Table 2 was used
to describe the degree of weathering as defined by the ISRM (1981).
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Table 2: Weathering Index determination (after ISRM, 1981)

TERM / DESCRIPTION DISCOLORATION FRACTURE CONDITION /
SYMBOL EXTENT SURFACE CHARACTERISTICS
Fresh/ No visible sign of rock material N Closed or Discolored /
\ one
W1 weathering. Unchanged
Slightly D|sgolorat|on |nd|cat§s <20 % of fracture . e
weathering of rock material on . Discolored, may contain thin filling /
weathered / . e spacing on both o .
discontinuity surfaces. Less : Partial discoloration
W2 0 sides of fracture
than 5% of rock mass altered.
Less than 50% of the rock
Moderately mqtenal is decompoged and/or > 20 % of fracture D|sco]ored, may contam thin f|I.I|ng /
disintegrated to a soil. Fresh or . Partial to complete discoloration,
weathered / . . . spacing on both .
discolored rock is present either : not friable except poorly cemented
W3 . . sides of fracture
as a discontinuous framework rocks
or as corestones.
More than 50% of the rock
Highl material is decomposed and/or
gnly disintegrated to a soil. Fresh or Filled with alteration minerals /
weathered / . . . Throughout . I
Wa discolored rock is present either Friable and possibly pitted
as a discontinuous framework
or as corestones.
100% of the rock material is
Completely . Qecomposed an@/or Filled with alteration minerals /
weathered / disintegrated to soil. The Throughout .
. L Resembles soil
W5 original mass structure is still
largely intact.
All rock material is converted to
soil. The mass structure and
Residual soil / | material fabric are destroyed. Throuahout Non available /
W6 There is a large change in g Resembles soil
volume, but the soil has not
been significantly transported.

All intercepted natural discontinuities were described and when possible oriented. The

following fracture types will be used to identify each discontinuity measured in the core interval:

» Fracture (FR): A discontinuity of uncertain origin (e.g., possible mechanical break).

» Joint (JN): A discontinuity with no infilling and no evidence of previous movement.

» Fault (FLT): A discontinuity across which there has been substantial movement. Infill will be
relatively thick.

» Shear (SHR): A discontinuity across which there has been limited movement. Infill will be
relatively thin, generally associated with polished or slicken sided surfaces.

» Bedding (BD): A discontinuity associated with sedimentary processes (e.g. mud seam in
sandstone).
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Foliation (FO): A preferential direction of structural weakness in the rock due to alignment of
weak minerals, caused by metamorphism.

Vein (VN): A discontinuity infilled or healed by another mineral (e.g. quartz). Veins are
generally of limited interest unless material is particularly weak or broken.

Contact (CO): A discontinuity that represents a change between two geological bedrock
units.

The orientation of discontinuities measured when it was possible. The discontinuities angles
were measured using a cylindrical Ezi-logger core goniometer. The measured angles are
defined as follow, (see Figure 3):

>

The dip angle (alpha) is measured for each natural discontinuity observed in the core. This
angle is measured relative to the core axis, where 0° = parallel to core axis and 90° =
perpendicular to core axis.

The dip direction (beta) angle is measured for each natural discontinuity observed in the
core. This angle is measured clockwise to the reference line looking down the core axis in
the direction of drilling.

Figure 3: Measurement of angles Alpha and Beta

£\ D

Face of Discontinuity
\ Maximum dip vector
& of discontinuity

o

Reference Line — |

pointing in down-hole v
direction C::}'

The discontinuities conditions were measured for each natural discontinuity observed and is
based on the joint shape and roughness which describe the joint surface irregularity. The
shape of the discontinuity is described using the following terms: Planar (PL), Curved (CU),
Undulating (UN), Stepped (ST) and Irregular (IR). The surface roughness of the fracture is
described using the following terms: Polished (PO), Slickensided (K), Smooth (SM), Rough
(RO, Very Rough (VR) and Closed (C).
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The discontinuities infill material is described as the material contained within the
discontinuities: Broken rock; minerals such as biotite, chlorite, calcite, hematite, quartz, sulfide,
iron, epidote; Gravel, sand, clay; Gouge, intrusive material such as chert.

Finally, Fault Gouge & Breccia intervals and intervals of broken core are also noted on the log.
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ENGINEERING GEOLOGY MODEL

The aim of the site investigations was to gather geotechnical rock mass characteristics for the
preparation of a preliminary Engineering Geology Model. Pit slope design parameters will be
engineered based on the information and conclusions presented in the geotechnical model.The
following sections present the main results of the site investigation that address the various
aspects of the preliminary engineering model.

SUMMARY OF STRATIGRAPHY

The stratigraphic conditions encountered within boreholes consist typically of a downward
sequence of overburden or highly weathered bedrock followed by bedrock.

Table 3 illustrates the stratigraphy encountered at each borehole location in terms of depths and
elevations. Detailed descriptions of materials encountered in boreholes may be consulted on
individual borehole reports in Appendix 2.

Table 3: Subsoil stratigraphy observed in boreholes

LENGTH
GEODESIC ELEVATION (m)

BOREHOLE

VERBURDEN OR
ELEVATION (m) OVERBU 0

HIGHLY
WEATHERED
BEDROCK *

IRON FORMATION SHALE SANDSTONE

4.2

BH-P-01 0.00-7.00 7.00-118.90 118.90 - 134.10 134.10 - 2160.00
[627.85] [5627,85 - 520,85] [520,85 - 416.12] [416,12 - 401,84] [401.84 - <377,50]
BH-P-02 0.00-3.00 3.00-2173.00

[5622,18] [622,18 - 519,18] [619,18 - <372.36]

BH-P-03 0.00-9.00 9.00-78.00 78.00 - 108.50 108.50 - 2160.70
[5626,33] [526,33 - 517,87] [617,87 — 453.03] [453,03 - 424,37] [424.37 - <375,32)
BH-P-04 0.00-1.50 1.50 - 2160.00

[519,26] [619,26 - 517,85] [5617,85 - <368.91]

* Thickness of overburden may be lower than indicated

OVERBURDEN

From 3 to 9 meters thick of either overburden or highly weathered rock was found at the surface
within boreholes BH-P-01 to BH-P-04.

It should be noted that in all boreholes location, visual observations showed that overburden
seems to be thin and that rock outcrops are frequent. No recovery was possible down to a
certain depth when initiating the boreholes. It is therefore impossible to assess if the first runs
are in highly weathered bedrock or in overburden.
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Bedrock

Iron Formation (rock type A and B and group )

Iron Formation consists of iron oxide with white and red chert, fine to medium grained, dark
grey, with centimetric bands of white to reddish medium grained chert and millimetric bands of
fine grained red chert. We note the presence of nodules of white chert and pockets of iron oxide.

This formation is highly fractured with limonite in most fracture. Mostly non-magnetic with few
weakly magnetic zone were observed.

This formation is also highly weathered as illustrated in histograms presented in Appendix 3
with very low RQD values were measured.

Two mains lithology have been identified within Iron Formation:

» Massive, weakly to highly hydroxidized (limonite, goethite) Iron Oxide (Hematite) with chert
(white, gray or red) - rock type A;

» Mainly massive, weakly to highly hydroxidized (limonite, goethite) Iron Oxide (Hematite) —

rock type B.

No thickness of more than 5 meters has been identified for rock type A and B From a
geomechanical point of view, these 2 lithology were grouped (group ).

In the Preliminary Economic Assessment (PEA), 3 members of units have been identified
within the Iron Formation for a geological point of view. From a geomechanical point of view, all
these members were grouped in one lithology (Group ).

Shale (rock type C and group ll) from Ruth Formation

This rock unit was only intercepted in BH-P-01 and BH-P-03. The shale unit consists generally
of black shale with zone of interbedded siltstone. This formation is not weathered as illustrated
in histograms presented in Appendix 3 and medium to high RQD values were measured.

Sandstone (rock type D and group lll) from Wishart Formation

As mentioned in the PEA document, the lithology was described as a sedimentary quartzite
(metamorphic sandstone) and arkose, a quartz and feldspar clastic deposit. For the purpose of
this study, this unit was described as grey sandstone from on-site geologists since no
petrographic analysis has been performed on sample.

Similar to Shale rock unit, the Sandstone was only intercepted by BH-P-01 and BH-P-03. Grey
Sandstone, fine to medium grain centimetric interdedded with black shale. This formation is not
weathered as illustrated in histograms in Appendix 3 and high RQD values were measured.
Classification of Rock units

Arising from the previous section, three (3) principals lithology have been identified in the Pit
area:

» Banded Iron Formation (Group |);
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» Shale (Group Il);
» Sandstone (Group llI).

INTACT ROCK LABORATORY TEST

Introduction

An essential part of a rock mass characterization program is the evaluation of intact rock
strength for the various geological units. Laboratory testing of selected rock samples was
carried out to measure the intact rock properties. This section presents the laboratory rock test
results, carried out at Rock Mechanics Laboratory of Laval University, Quebec City, and at
LVM’s rock and soil laboratory at Boucherville using the core samples obtained from the
geotechnical holes including: BH-P-01, BH-P-02, BH-P-03 and BH-P-04. The geotechnical
drilling program was performed during the fall 2014. The results of the tests are presented in
this section.

Rock Strength Testing

Rock laboratory testing was performed on the selected samples obtained from Iron oxide
(Group I), Shale (Group Il) and Sandstone (Group IIl) rock units of the site under investigation
in the Joyce Lake project. The samples were selected to cover all major rock units at the site.
The samples were sent to the Rock Mechanics Laboratory of Laval University in three different
shipments. The first batch of samples was sent on October 14" 2014, the second batch was
sent on October 22" 2014 and finally the third batch was sent on October 28" 2014. From the
three batches of rock samples sent to the Rock Mechanics Laboratory of Laval University,
overall 66 samples were strength tested. In addition to the samples that were tested at Laval
University, one batch of rock samples was sent to the LVM’s rock and soil laboratory at
Boucherville. Among the total samples that were sent to Boucherville 31 samples were
subjected to strength tests.

Of the 66 tested rock samples at Laval University (including the first, the second and the third
batch of samples), 27 rock samples were tested for uniaxial compressive strength (UCS),

33 samples for Brazilian Indirect Tensile Strength and 6 samples for triaxial compressive
strength. The results of the strength tests are summarized in Tables 4 and 5. In addition, the
reports of Laval University testing program results for the current geotechnical investigation are
included in Appendix 4. The report includes the picture of samples before and after testing.

Of 31 tested samples at Boucherville laboratory, 3 rock samples were tested for uniaxial
compressive strength (UCS), 9 samples for Brazilian Indirect Tensile Strength and 19 samples
for point load test. Table 5 summarizes the results of the strength tests performed at
Boucherville laboratory.

The core samples collected from the geotechnical drilling program are of the HQ-3 and HQ
size (61.1 mm and 63.5 mm of diameter). These core sizes are larger than the NQ (50 mm)
size recommended by the International Society for Rock Mechanics (ISRM), as a standard size
for compressive strength tests, Ulusay and Hudson (2007). Consequently, a specimen size
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correction factor proposed by Hoek and Brown (1980) was used to correct the strength results
recorded for the larger samples. This correction was mainly done for the UCS tests, while for
the triaxial strength tests the samples had to be trimmed to the NX size in order to be fitted in
the pressure cell. Therefore, no size effect correction was performed for these results.

Table 4: Summary of UCS, Triaxial, and Brazilian Laboratory Tests performed at Laval University

supie | RO | oeprym | TEST DMV @ e TEST
ot (MPa)

PLT-07-A A 76.60 -76.90 ucs 31.5 105.1 0 - Yes

PLT-07-B A 76.60 -76.90 TRX 32.7 256.7 8.2 - Yes

PLT-03 A 61.50-61.75 ucs 28.9 20.1* 0 No

RS-41 A 69.65-69.90 TRX 271.0 112.4 4.9 - Yes

Table 4: Summary of UCS, Triaxial, and Brazilian Laboratory Tests performed at Laval University (suite)

e | RO ogpruey | TEST DIy o oy TEST
ot (MPa)
RS-39 A 63.50-63.85 BRZ 291 - - 5.371* No
RS-51-A A 149.0-149.27 TRX 30.9 5.4 91.2* - No
RS-51-B A 149.0-149.27 BRZ 33.2 - - 747 Yes
RS-03 A 170.40-170.60 | BRZ 30.3 - - 6.7 Yes
RS-08 A 142.65-142.85 BRZ 31.2 - - 9.72 Yes
RS-13A A 133.25-133.6 ucs 311 106.74 0 - Yes
RS-13B A 133.25-133.6 BRZ 27.9 - - 9.00 Yes
RS-16A A 114.65-115.15 | UCS 34.3 98.34 0 - Yes
RS-16B A 114.65-115.15 BRZ 33.4 - - 7.20 Yes
RS-17 A 87.60-87.80 ucs 30.1 96.09 0 - Yes
RS-19 A 87.45-87.65 BRZ 28.9 - - 270 No
RS-01A B 161.02-161.33 BRZ 28.8 - - 5.20 Yes
RS-01B B 161.02-161.33 BRZ 34.8 - - 10.40 Yes
RS-02 B 164.47-164.76 BRZ 443 - - 16.30 Yes
RS-09 B 139.65-139.85 | BRZ 37.9 - - 6.10 Yes
RS-11 B 143.75-144.0 ucs 34.7 120.28* 0 - No
RS-14 B 139.25-139.42 BRZ 413 - - 7.80 Yes
RS-15A B 119.80-120.20 BRZ 35.4 - - 23.20 Yes
RS-15B B 119.80-120.20 BRZ 47.2 - - 28.10 Yes
RS-18 B 60.65-60.84 BRZ 28.7 - - 4.80 Yes
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e RO fvee iy STRENSTH | iy
RS-04A B 148.10-148.33 | UCS 26.3 30.62 0 - Yes
RS-04B B 148.10-148.33 BRZ 26.2 - - 297 Yes
RS-05 B 148.55-148.71 BRZ 26.7 - - 2.90 Yes
RS-06A B 157.12-157.39 | UCS 28.3 39.25* 0 - No
RS-06B B 157.12-157.39 BRZ 29.5 - - 2.33" No
RS-07 B 157.50-157.67 | UCS 28.4 51.35 0 - Yes
RS-10A B 137.80-138.10 | UCS 23.9 15.84 0 - Yes
RS-10B B 137.80-138.10 BRZ 30.1 - - 10.32 Yes
RS-12A B 135.05-135.30 | UCS 24.6 25.63 0 - Yes
RS-12B B 135.05-135.30 BRZ 21.5 - - 3.25 Yes
PLT-11A B 161.40-161.70 | UCS 26.8 24.32 0 - Yes
PLT-11B B 161.40-161.70 BRZ 27.6 - - 1.62 Yes
PLT-12A B 161.70-161.95 | UCS 32.9 39.49* 0 - No
PLT-12B B 161.70-161.95 BRZ 28.5 - - 4.52 Yes

Table 4: Summary of UCS, Triaxial, and Brazilian Laboratory Tests performed at Laval University (suite)

e | RO ogpruey | TEST DIy o ey TEST
ot (MPa)
PLT-16A B 123.85-124.10 | UCS 30 51.26 0 - Yes
PLT-16B B 123.85-124.10 BRZ 48.8 - - 13.69 Yes
PLT-16C B 123.85-124.10 BRZ 46.9 - - 11.09 Yes
PLT-17A B 138.20-138.50 BRZ 37.3 - - 3.47 Yes
PLT-17B B 138.20-138.50 | TRX 37.9 58.4 8.1 - Yes
RS-50 B 123.10-123.27 | TRX 38.3 39.3 3.4 - Yes
RS-46 B 123.0-123.23 ucs 38.2 29.29 0 - Yes
RS-52 B 157.80-158 ucs 40.5 88.39 0 - Yes
RS-45 B 121.70-121.87 | TRX 414 71.4 5.7 - Yes
RS-54A C 81.0-81.26 ucs 27.2 44.86 0 - Yes
RS-54B C 81.0-81.26 BRZ 21.5 - - 19.99 Yes
RS-58A C 89.60-89.96 ucs 21.7 68.21 0 - Yes
RS-58B C 89.60-89.96 ucs 29 137.67 0 - Yes
RS-58C C 89.60-89.96 BRZ 30.6 - - 411 Yes
RS-57A C 87.0-87.20 ucs 30.2 114.36 0 - Yes
RS-57B C 87.0-87.20 BRZ 30.7 - - 10.41 Yes
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ROCK TEST | DENSITY 03 TEST
SAMPLE TYPE DEPTH (m) TYPE! (kNm3) o1 (MPa) (MPa) STRENGTH VALIDITY
ot (MPa)

RS-27 C 125.25-125.50 | UCS 26.7 138.18 0 - Yes
RS-28 C 125.70-125.90 | UCS 26.3 134.53 0 - Yes
RS-29A C 126.25-126.55 | UCS 26.1 137.15 0 - Yes
RS-29B C 126.25-126.55 | BRZ 26.0 - - 12.05 Yes
RS-30 C 128.05-128.2 BRZ 25.9 - - 16.97 Yes
RS-32A D 135-135.35 ucs 26.2 228.63 0 - Yes
RS-32B D 135-135.35 BRZ 25.3 - - 12.06 Yes
RS-33 D 148.04-148.46 | BRZ 26.2 - - 19.19 Yes
RS-34 D 148.26-148.50 | UCS 26.4 237.40 0 - Yes
RS-37A D 154.83-155.20 | UCS 26.7 340.19 0 - Yes
RS-37B D 154.83-155.20 | BRZ 26.6 - - 28.51 Yes
RS-38 D 159.43-159.60 | UCS 21.7 256.84 0 - Yes

1 The size corrected test results are presented for the UCS tests in the Table.

Rock Types: A= Hematite with White Chert; B= Mainly Iron Oxide (massive or with limonite alteration); C= Shale;

D= Sandstone

Test Types: UCS: Unconfined Compressive Strength Test; BRZ: Indirect Tensile Brazilian Test; TRX: Triaxial Compressive

Strength Test; PLT: Point Load Test

* Invalid test (broke along foliation or bedding)

Table 5: Summary of UCS, Point Load, and Brazilian Laboratory Tests performed at LVM's Boucherville lab

SAMPLE | ROCK  DEPTH(m) JEST | o1(MPa)  Isw | oc(MPa) 3%33};%
21 A 60.82 PLT : 1.93 46.32 :
2 A 61.00 PLT i 6.88 165.12 :
23 A 70.00 PLT i 489 117.36 :
24 A 69.05 PLT i 0.60 14.40 :
25 A 8150 PLT i 1,60 38.40 :
26 A 82.40 PLT : 065 15.60 :
27A A 90.30 PLT i 1.82 4368 :
278 A 90.30 BRZ i i i 8.60
30 A 7410 PLT i 428 102.72 :
28A B 67.95 PLT i 0.13 312 :
288 B 67.95 BRZ i : : 7.00
20A B 68.70 PLT i 055 13.20 :
298 B 68.70 BRZ i : : 1.40
31A B 7735 PLT i 0.90 2160 :
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ROCK

TEST

SAMPLE TYPE DEPTH (m) TYPE! o1 (MPa) oc (MPa) ST}(?I\I;ll;laG)TH
31B B 77.35 BRZ - - - 3.30
32A B 99.30 PLT - 0.15 3.60
32B B 99.30 BRZ - - - 5.40
33A B 101.80 PLT - 0.09 2.16
33B B 101.80 BRZ - - - 1.70
39A C 131.54 PLT - 3.16 75.84
39A C 131.54 UCS 22.55 - - -
34A C 119.1 PLT - 0.7 16.80
34B C 119.1 BRZ - - - 4.90
35A C 122.45 PLT - 1.84 4416
358 C 122.45 UCS 88.43 - - -
36A C 124.03 PLT - 2.78 66.72
36B C 124.03 UCS 44.06 - - -
37A C 126.85 PLT - 2.84 68.16
37B C 126.85 BRZ - - - 2.50
38A C 128.15 PLT - 3.31 79.44
38A C 128.15 BRZ - - - 12.10

1 The size corrected test results are presented for the UCS tests in the Table.

Rock Types: A= Hematite with White Chert; B= Mainly Iron Oxide (massive or with limonite alteration); C= Shale; D= Sandstone
Test Types: UCS: Unconfined Compressive Strength Test; BRZ: Indirect Tensile Brazilian Test; TRX: Triaxial Compressive
Strength Test; PLT: Point Load Test

Due to the banding nature of the iron formation, in some of the collected iron oxide samples it
was observed that the banding angle varies importantly. This can be associated with the dip
angle of the drilled boreholes with respect to the banding iron formation. Most of the iron oxide
samples with dominant banding structure, used for the compressive strength tests, were either
totally or partially failed along a plane parallel to the banding (See Figure 4 for sample RS-11).
This has resulted in low intact strength values particularly when the angle between the core
axis and the banding planes is ranging between 30 and 45 degree. It was further observed that
presence of white or red chert in iron oxide samples could change the behavior of rock
samples under the compressive loading conditions and reduce the influence of bandings on
the intact rock strength.
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Figure 4: Rock sample RS-11 (iron oxide-massive) failed along a surface parallel to the banding structures

Determination of compressive strengths of anisotropic rocks that include weakness planes has
its particular difficulties. Hoek (2006) suggested that the uniaxial compressive strength of
anisotropic rock units can vary by a factor of five depending on the direction of loading with
respect to the plane of weakness. The maximum compressive strength is generally recorded
when the loading direction is perpendicular to the weakness plane. On the other hand, the
lowest strength occurs when the angle of weakness plane with respect to loading direction
varies from 30 to 45 degree, Figure 5. Therefore, it can be argued that most of the
compressive strength values obtained for the samples of iron oxide, with well-developed
banding structures, represent the minimum strength values.
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Figure 5: Effect of plane of weakness on intact rock strength (after, Hoek (1983))
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4.3.2.1 UCS Test Results

A total of 30 samples were subjected to UCS testing. Four tests out of the 30 tests were
considered invalid as the samples were failed along a pre-existing joint. The invalid test results
were not taken into consideration. A summary of the UCS results by rock type is shown in
Table 6. The table shows the minimum, maximum, mean, standard deviation, coefficient of
variance and the number of tests for each rock unit. The iron oxide rock unit samples with
white or red chert (Rock type A) were treated separately from the other iron oxide samples
such as massive hematite, hematite with hydroxide or hematite with limonite (Rock type B).
The Shale rock unit samples collected from the BH-P-01 and BH-P-03 were grouped together,
same as the sandstone samples.

Table 6: Summary of UCS tests by Rock Type

ROCK ROCK AL AVERAGE SD.II-E’?IFI‘IPE)'I"OI‘ gﬁ gl? \EZII:?II%I'II'EIgTN MAXIMUM Mlﬂ@nSUM

GROUP | TYPE UCS (MPa) (MPa) (%) UCS (MPa) (MPa)

| A 4 101.5 5.1 5.0 106.7 96.1

B 8 234 234 59.1 88.4 15.8

I C 10 93.0 453 48.7 138.1 22.5

1l D 4 265.7 51.0 19.1 340.2 228.6
Rock Types: A= Hematite with White Chert; B= Mainly Iron Oxide (massive or with limonite alteration); C= Shale;
D= Sandstone
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The results of UCS tests show that:

» For rock type A, presence of white and red cherts in the iron oxide samples generally
improves the strength of the intact rock samples. The samples of this rock unit show a very
low variation in strength (CoV = 5.0%).

» For rock type B, presence of limonite alterations in iron oxide samples has highly degraded
the compressive resistance of samples and consequently the ultimate strength of the
samples with higher percentage of limonite are lower.

» For rock type B, the relatively low strength values for the iron oxide rock unit is also
attributed to the pre-existing banding structures in the rock samples, which have resulted in
failure of samples parallel to these weakness planes.

» For rock type B, Mainly iron oxide, a very high coefficient of variation was recorded
(CoV =59.1%). This implies the complex mineralogical composition and alteration of the
rock samples collected for this rock unit.

» The highest average UCS was recorded for the Sandstone (rock type D), while the lowest
average UCS was obtained for the mainly iron oxide samples (rock type B).

Brazilian Test Results

A total of 42 samples were selected for Brazilian tensile strength testing. Three tests out of the
42 Brazilian tests were considered invalid. The invalid test results were discarded. A summary
of the Brazilian testing by rock type is shown in Table 7. This includes 6 samples of the iron
oxide with cherts rock unit (rock type A), 22 samples of the mainly iron oxide rock unit (rock
type B), 8 samples of the Shale rock unit and 3 samples of the Sandstone rock unit. The table
7 shows the mean, standard deviation, coefficient of variance, the number of tests and the
range of tensile strength for each rock unit.

Table 7: Summary of Brazillian tests by rock type

NUMBER GYERECE STANDARD COEFFICIENT e 207
fosr fear (0]3 [ENSIE DEVIATION OF VARIATION [ENSIE
GROUP TYPE TESTS STRENGTH (MPa) (%) STRENGTH

(MPa) ° (MPa)
| A 6 8.0 1.2 15 6.7-9.7
B 22 7.9 7.0 88.6 1.4 -28.1
Il C 8 10.3 6.2 60.1 25-19.9
1l D 3 19.9 8.2 414 12.1-285
Rock Types: A= Hematite with White Chert; B= Mainly Iron Oxide (massive or with limonite alteration); C= Shale;
D= Sandstone
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The results of Brazilian indirect tensile strength tests show that:

» The average indirect tensile strength of both the hematite with chert (rock type A) and mainly
iron oxide (rock type B) are almost the same. However, the variation of the values measured
for the mainly iron oxide (rock type B) is significant with a CoV= 88.6%.

» The highest average indirect tensile strength was recorded for the Sandstone (rock type D),
following by Shale (rock type C).

Triaxial Test Results

A summary of the triaxial testing by rock type is shown in Table 8. A total of 6 samples were
selected from the geotechnical investigation boreholes for triaxial testing. Only 5 test results
were considered valid. This includes 2 samples from the rock unit A (Hematite with white
Chert) and 3 samples from the rock unit B (Mainly Iron Oxide (massive or with limonite
alteration)). The confining pressures for the triaxial testing were between 3.4 and 8.2 MPa. No
triaxial test was carried out on the Shale and Sandstone samples.

Table 8: Summary of Triaxial tests by rock type

ROCK ROCK
GROUP TYPE o3 (MPa) NUMBER OF TESTS o1 (MPa)

8.2 1 256.7

A
49 1 112.4

I 8.1 1 58.4

B 3.4 1 39.2

5.7 1 714
Rock Types: A= Hematite with White Chert; B= Mainly Iron Oxide (massive or with limonite alteration)

The results of triaxial strength tests show that:

» For rock type A, by increasing the confining stresses, the ultimate strength of rock samples
increase.

» For rock type B, the results do not clearly show an increase of ultimate strength with
increasing of confining stresses. This can be attributed to the heterogeneous mineralogical
composition of the samples taken from rock type B.

Point Load Test Results

A summary of the point load testing by rock type is shown in Table 9. Point load index test was
carried out on 19 samples at Boucherville laboratory on the rock samples collected from the
four geotechnical drill holes. The number of tests for each rock type, and average index test
results are presented in Table 9. The compressive strength of rock samples were estimated
based on the Issy values based on the correlation proposed by Bieniawski (1975), o¢ = 24 x |sso.
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Table 9: Summary of Point Load tests by rock type

ROCK = ROCK NUMBER OF TR AVERAGE o¢ RANGE OF oc
GROUP | TYPE TESTS » (MPa) (MPa)
| A 8 2.83 67.9 14.4 - 165.1
B 5 0.36 8.7 21-216
I C 6 243 58.5 16.8-79.4

Rock Types: A= Hematite with White Chert; B= Mainly Iron Oxide (massive or with limonite alteration); C= Shale; D=
Sandstone

The results of Point Load tests show that:

» The average sig-c values obtained for the three rock types (A, B, and C) are lower than the
average values of UCS test results presented in Table 6. This can be attributed to the limited
number of point load tests performed for each rock type which statistically not enough to
draw an appropriate conclusion from the results. In addition, index to strength conversion
factors are site-specific and the common factor used in this case may not be representative
for the site under investigation.

» Due to the inconsistency of the point load test results and the UCS results, the results of
point load index tests were discarded at this stage for estimating UCS average value. These
results could be used with more confidence once statistically enough samples were tested
for each rock type.

Tilt test

Because the length of intact rock samples was short, no direct shear test were performed on
rock core samples to evaluate friction angle. In order to preserve a larger number of samples
for triaxial and uniaxial compressive tests, tilt test (non-destructive) were performed on Iron
Formation cores at Rock Mechanics Laboratory at Laval University. Table 10 summarizes the
results of the tilt tests.
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Table 10: Summary of Tilt test results

DEPTH (m

L s [P L W R
RS-01 BH-02 161,02 161,33 RS-02 35
RS-01 BH-02 161,02 161,33 RS-15 36
RS-01 BH-02 161,02 161,33 RS-09 36
RS-12 BH-02 135,05 135,30 RS-04 37
RS-12 BH-02 135,05 135,30 RS-06 37
RS-12 BH-02 135,05 135,30 RS-07 39
RS-12 BH-02 135,05 135,30 RS-10 37
RS-13 BH-02 133,25 133,60 RS-03 31
RS-13 BH-02 133,25 133,60 RS-08 30
RS-13 BH-02 133,25 133,60 RS-11 30
RS-13 BH-02 133,25 133,60 RS-16 29
RS-17 BH-02 87,60 87,80 RS-18 2
RS-17 BH-02 87,60 87,80 RS-19 29

The results of tilt tests indicate that the basic friction angle for Iron Oxide rock units is varying
between 24 and 39 degree.

Intact Rock Strength Material Properties

The UCS, triaxial and Brazilian testing data for rock type A and B (Hematite with White Chert
and Mainly Iron Oxide) were used to develop the strength envelops for the iron oxide rock
units. The laboratory test results were entered into RocData® (distributed by Rocscience Inc.)
for defining appropriate Hoek-Brown rock strength envelope parameters (Hoek et al., 2002).

Investigation by the four geotechnical drillholes indicates that, at present stage of the project, it
is not possible to clearly delineate the spatial distribution of rock types A and B. The iron oxide
with cherts (rock type A) is randomly intercepted along the geotechnical boreholes similar as
the iron oxide with limonite alteration or hematite with hydroxide (rock type B); resulting in an
extremely heterogeneous rock mass. This complexity needs to be addressed in the future
geotechnical investigations. Due to the lack of information regarding the approximate
distribution of the rock type A and B in the iron oxide zone, for this study, it was decided to
combine the laboratory strength results for the rock types A and B and to deal with a broader
range of rock matrix properties. In is recognized that the average values obtained by combining
the test results for the rock type A and B would be more influenced by the results of rock type
B, due to the greater number of tests available for this rock type.

Table 11 summarizes the lab testing results for the main rock units in the pit area.
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Table 11: Intact rock strength material properties

PROPERTIES LITHOLOGY
PARAMETER VALUE IRON FORMATION SHALE SANDSTONE
Unconfined Mean 60 96 195
Compressive Mi 2 44 104
Strength, " > 0
o (MPa) Max 105 138 256
Mean 7 10 14
Brazilian Test, .
o7 (MPa) Min 3 4 10
Max 14 17 19
Mean 32,5 27,6 26,4
Unit Weight, .
v (kN/md Min 23,9 25,9 25,3
Max 48,8 30,7 21,7
mi 8 9 14

The m; values obtained for the Shale and Sandstone rock units (Rock type C and D) were
found to be characteristic when compared to typical values usually encountered for similar rock
types. Typical m; values reported for the Shale and Sandstone rock units range between 4-8
and 13-21, respectively, (Brady and Brown 2004). The derived m; value for the iron oxide rock
unit (rock type A+B) is relatively in the range of the m; values typically reported for fine to very
fine grain sedimentary rocks.

Highlights
» The evaluation of the intact strength of anisotropic rocks is more complex than that of

isotropic rocks and requires testing of rock samples at different orientations with respect to
the weakness planes. At this stage of the project, it was not practical to collect samples at
orientations other than the one selected, and drilling perpendicular to the banding structures
was not possible. It is recognized that the UCS results from this drilling campaign more likely
represent the lowest values for the “mainly iron oxide” rock type (rock type B).

» The value of aci obtained from the combination of all testing results for iron oxide samples

(combination of rock type A and B), including UCS, triaxial and Brazilian test data, is slightly
lower than the corresponding average UCS value of all tested samples. Therefore, at this
stage, the average UCS value of all tested samples for rock types A and B (~ 60 MPa), was
used to represent the intact rock strength of the iron oxide rock unit in the geomechanical pit
design procedure.

» In the next geomechanical investigation program and during the open pit progress, there will

be opportunities to collect more samples of iron oxide at different orientations to the banding
structures and to conduct a more in depth strength testing and analysis campaign.
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If during the future geological or geomechanical campaign, the spatial distribution of iron oxide
with white chert (rock type A) could be identified, it is recommended to separately consider the
strength test results for rock type A and B.

ROCK MASS CHARACTERISTICS

Lithology

As mentioned previously, three principals lithology have been identified in the Pit area, a
Banded Iron Formation (Sokoman Formation) overlying Shale and Sandstone from the Ruth
Formation.

The Iron Formation is interbeded bands of red and grey to white chert. Many zones, regardless
of the depth, present strong ferric alteration. Hydroxides (limonite and goethite) are presents
throughout the Iron Formation in variable quantity.

Structural Analysis

Structural description of discontinuities was performed on oriented rock core. These
descriptions can be found in Appendix 2. It is important to note that the majority of the
described oriented joints were done in Shale and Sandstone units. As mentioned earlier, the
iron oxide rock mass in the pit area has been subjected to many deformation phases and at
least two series of folding. Consequently, the iron oxide rock unit is highly fractured and
altered. From the 530 meters core drilled in the Iron Formation, overall, only 10 meters of core
were described. Therefore, the majority of the structural data comes from the Shale and
Sandstone rock types.

All of the measured discontinuity data were analyzed statistically using the software DIPS,
distributed by RocScience, and the discontinuity sets were selected from contour plot
stereographic projections. Figure 6 shows the stereographic projections of the oriented core
data for all lithologies, presented based on the type of discontinuities. As can be seen only two
types of discontinuities have been observed including joints (JN) and bedding (BD). Two (2) to
Five (5) joint sets can potentially be present as indicated in Figures 6 and 7. Figure 7 presents
the same discontinuity data as a function of drillholes (borehole BH-P-01 to BH-P-04). Table 12
summarizes the dip and dip direction of the potential five joint sets. Three sub-horizontal and
two sub-vertical joint sets could be seen.

025-B-0010504-3-GE-R-0001-00
JOYCE LAKE AND AREAS DSO PROJECT - GEOTECHNICAL FEASIBILITY STUDY - MINING PIT DESIGN

27



Table 12: Summary of Possible Average Joint Sets Orientations

POTENTIAL DISCONTINUITY/DEFECT DIP DIRECTION
SET MEAN PLANE ()
N 189 28
J2 25 86
J3 302 18
i 118 35
J5 57 75

Figure 6: Stereonet of potential joint sets for all lithology based on discontinuity types

Symbol  TYPES Quantity
° ES) 57
m 161

Plot Mode | Pole Vectors
Vector Count | 218 {218 Entries)
Terzaghi Weighting | Minimum Biss Angle 15%
Hemisphere | Lower
Projection | Equal Angle
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Figure 7: Stereonet of potential joint sets based on boreholes (borehole BH-P-01 to BH-02
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From figure 7, it is noted that joint sets J2 and J5 are only present in borehole BH-P-02.

The structural data analysis indicates that:

» Due to the limited number of discontinuity measurement for the iron oxide rock type in the
structural database, the developed stereographic projects cannot fully describe the entire
structural complexity of the Iron Formation. Because of multiphase deformation of the iron
oxide rock mass in the pit area, joint sets orientation measured for shale and sandstone

cannot be representative of the upper Iron Formation.

» The number of structural data representing the Iron Formation is not sufficient to draw a

comprehensive understanding of the Iron Formation rock mass structure.

Summary of Rock Mass Classification

Rock mass classification systems are frequently used for rock engineering projects. The rock
mass classification systems provide a quantitative index of rock mass quality based on
measurements and observations of rock mass parameters. An assessment of the overall
quality of the rock masses that comprise the Joyce Lake project area has been prepared using

the Geological Strength Index (GSI), Hoek et al. (1995 and 2013).

During the geotechnical site investigation, the Rock Quality Designation (RQD) values were
estimated per each drilling run along the four geotechnical drillholes. The statistical analysis of

the RQD data indicates that:
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» The RQD values of iron oxide rock type ranges from 0 to 100 with an average value of 37
and a standard deviation of 32. This implies that the iron oxide rock mass is highly fractured
with a significant structural heterogeneity. The histograms of the RQD values for the Iron
Oxide rock type is presented in Appendix 3.

» The RQD values of Shale and Sandstone rock units are much higher than the iron oxide
rock mass with a mean RQD value of 74 and a standard deviation of 24. The histograms of
the RQD values for the Shale and Sandstone rock type is presented in Appendix 3.

During the geotechnical site investigation, characteristics of the discontinuities were collected
in the field. In general, for the iron oxide rock unit, discontinuities were characterized as planar
and closed and planar and rough, while for the Shale and Sandstone rock types, discontinuities
were characterized as planar and smooth. The histograms associated with the characteristics
of the discontinuities are presented in Appendix 3. The joint surfaces in iron oxide rock are
mainly coated or infilled with white chert while the joint surfaces in Shale and Sandstone are
mainly coated with iron oxide.

Based on field assessment of the rock hardness in the geotechnical drillholes, the rock units
are on average strong to very strong, with a mean rock hardness value of about R4 and R5 for
iron oxide rock type (group |) and Shale and Sandstone (group Il and Ill), respectively.

The results of weathering index indicate that the iron oxide rock has a weathering index mostly
between W3 and W4, (moderately to highly weathered), while the Shale and Sandstone rock
types have a mean weathering index of W2, (slightly weathered).

The Geological Strength Index (GSI) for the iron oxide rock mass was estimated based on two
different approaches:

» Descriptive estimation based on RQD and Rock Joint Conditions (Jeong) (Hoek, Carter and
Diederichs, 2013)

» Qualitative estimation based on overall observation and consensus of experts using general
Guidelines for estimating GSI factor on the basis of Structure and joint conditions.

Although, there weren’t enough information to apply the descriptive method (i.e. limited number
of Joint Condition J.ongse Values are available for the iron oxide), the result of both descriptive
and qualitative methods showed a good coherent and agreement to evaluate the GSI between
25 and 45 for the iron oxide rock mass. The estimated range of GSl is presented on the figure 8.
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Figure 8: Evaluated range of GSI based on both descriptive and qualitative method (after Hoek et al., 1995)
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Rock Mass Strength

The rock mass strength is estimated using the Hoek-Brown failure criterion, which is expressed
by:

a
03

0,=0,+0,|m,—+s
Gci

Where:

» my is the value of the constant m for the rock mass;

» sand a are constants which depend upon the characteristics of the rock mass;
» 0o is the uniaxial compressive strength (UCS) of the intact rock; and

» 0; and o3 are the axial and confining principal stresses, respectively.

With aid of the RocData software, intact rock properties were downgraded to get rock mass
properties. For the purpose of the calculation, disturbance factor D=0.7 was assumed,
corresponding to good quality blasting for the final pit walls.

Table 13 presents the Hoek-Brown parameters obtained for the different rock masses at the
project area. The same Table shows the equivalent Mohr-Coulomb cohesion and friction angle
for the same rock masses.

It should be noted that the influence of blast damage on the near surface rock mass properties
has been taken into account using D factor, which depends upon the degree of disturbance
due to blast induced damage and stress relaxation. Based on the evaluation of excavation
method, this factor is considered equal to 0.7.

Hoek Brown Failure Envelopes for iron oxide rock mass are presented in figure 9. This figure
shows a rock mass strength of 3.468 MPa. The rounded value of 3.5MPa is retained.
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PROPERTY VALUE COMMENTS
Intact Rock Properties —Iron Formation
Unit Weight (kN/m3) 32,5 Average Lab Test
Intact Uniaxial Compressive Strength, a. (MPa) 60 Average Lab Test
mi 8 Calculated

Rock Mass Properties -Iron Formation

Geological Strength Index (GSI) 35 Evaluated Based on Observation
Disturbance factor D 0,7 Mechanical Excavation
a 0,516
Generalised Hoek-Brown failure criterion mp 0,225 Estimated with RocData
s 1,00E-04
Mohr-Coulomb ¢, (MPa) 0.347 Estimated with RocData
o) 30,28
Intact Rock Properties — Shale
Unit Weight (kN/m3) 27,6 Average Lab Test
Intact Uniaxial Compressive Strength, oc (MPa) 96 Average Lab Test
mi 9 Calculated

Rock Mass Properties - Shale

Geological Strength Index (GSI) 50 Evaluated Based on Observation
Disturbance factor D 0 No effect

a 0,506
Generalized Hoek-Brown failure criterion Mb 1,509 Estimated with RocData

S 0,0039

¢, (MPa) 1,453 . .
Mohr-Coulomb Estimated with RocData
0(° 45,62

1 See figure 10 and 11 for justification of mechanical excavation
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Figure 9: Hoek Brown Failure Envelopes for the Iron Oxide Formation
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Mechanical excavation

The final geometry of benches shall be obtained by mechanical excavation. According to
Abdullatif and Cruden (1983) and more recently Tsiambaos and Saroglou (2010), the highly
fractured rock mass can be excavated by digging and/or ripping. Figures 10 and 11 show

respectively the study results of the first and second publications.
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Figure 10 : Average rock mass strength (3.5 MPa) —vs- average GSI (35)
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Figure 11 shows typical areas in term of GSI for Point load index smaller than 3 MPa. All Point
Load Index measured on the Iron Formation are smaller than 3.0 MPa. The figure 11 shows
that for an average GSI of 35 and extreme values of 25 to 45, the Iron Formation can be dug
and/or ripped.
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Figure 11 : Excavation methods in term of GSI for Point load index smaller than 3 MPa
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Hydrogeology

LVM

For detail hydrogeological site condition, the reader can refer to Hydrogeological Report
mentioned in section 1.1.
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5.2
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PIT SLOPE CONCEPTS AND ACCEPTABILITY
CRITERIA

PIT SLOPE GEOMETRIES
Pit walls consist of many slope elements, which require separate design decisions. The basic
unit of the pit design is the bench, formed by a single cut or lift.

The bench configuration, controlled by the bench face angle, bench height and bench width,
defines the inter-ramp angle. The overall slope angle consists of inter-ramp sections separated
by wide ramps.

Bench configurations, recommended by LVM, are given based on a bench height of 9 meters,
as set by the block model for optimized open pit mine.

Benches widths should be sufficient to provide effective protection against rockfall. The
following modified Ritchie criteria (Ryan and Pryor, 2000) is commonly used for initial estimates
of design of bench width:

Bench Width (m) = (0.2 * Bench Height) + 4.5 m
In the present case, this will yield 6.3 m bench width.

DESIGN CRITERIA

Slope stability analyses are generally performed using the Limit Equilibrium Method, where the
safety factor is represented by the ratio of resisting forces to the acting forces. A general
guidance to pit slope design acceptance criteria is summarized in Table 14 (after Read and
Stacey, 2009) and suggested factor of safety and probability of failures are highlighted.

Table 14: Acceptance criteria for the pit slope design (after Read and Stacy, 2009)

ACCEPTANCE CRITERIA

sorescaLe | TP Re FOS (min) (Static) | FOS (min) POF (max)

(Dynamic) P[FOS<1]

Bench Low to High 1.1 N/A 25%-50%
Low 1.15-1.2 1.0 25%
Inter-ramp Medium 1.2 1.0 20%
High 1.2-1.3 1.1 10%

Low 1.2-1.3 1.0 15%-20%

Overall Medium 1.3 1.05 5%-10%

High 1.3-1.5 1.1 <5%
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The slope angles were determined based on the acceptance criteria for probability of failure
(PoF), to ensure that the design slope angles were optimal based on a quantitative evaluation
of alternative designs. The PoF value incorporates the variations associated with the input
parameters data set. In the present study the available data set is quite small and variable. A
probabilistic analysis has been conducted to assess this feature.
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OPEN PIT ROCK SLOPE STABILITY ASSESSMENT
POTENTIAL MODES OF FAILURE

Kinematic Analysis

Kinematic failure modes in rock slopes typically include planar, wedge and toppling failures.
These failure modes can be identified by using stereographic analysis of peak pole
concentrations of the discontinuity data. These failure modes will occur if the discontinuities are
continuous over the bench scale or more, if weak infilling is present along the measured
discontinuities or the geometry of the discontinuities is conducive to failure. A brief description
of each mode of failure is provided below:

Wedge Failure Analysis

Wedge sliding is defined as a translation of a tetrahedral-shaped failure mass on either of the
two lower bounding geologic structures, or on both, along the line of their intersection. The rock
wedge is bounded by the slope face, the essentially flat upper surface and two geologic
structures, each oriented obliquely to the slope face.

Planar Failure Analysis

Planar sliding is defined as a translation (sliding) of a failure mass on a single geologic
structure, oriented approximately parallel with the slope being modeled.

Toppling

Flexural Toppling is defined as a mode of failure, involving the bending of interacting rock
columns formed by a single set of steeply dipping discontinuities, such as regular bedding
planes, foliation, or joints. In such cases, the rock columns bend forward under their own
weight and transfer load to the underlying columns, thus giving rise to tensile and compressive
bending stresses. Failure is initiated when the tensile (bending) stress in the toe column
exceeds the tensile strength of the rock.

Direct Toppling is defined as the forward rotation out of the slope of mass of soil or rock about
a point or axis below the centre of gravity of the displaced mass. Toppling is sometimes driven
by gravity exerted by material upslope of the displaced mass and sometimes by water or ice in
cracks in the mass.

Rock Mass Stability Analysis

The maximum overall rock slope angle of large open pit mines is usually determined by rock
mass strength. The rock mass strength parameters were derived using the Hoek-Brown failure
criterion (Hoek, et. al., 2002). This criterion utilizes the characteristics of the rock mass to
downgrade the measured intact rock properties to rock mass scale values. The mechanical
characteristics of the rock mass are set by lithology, intact rock strength and rock mass quality.
Rock mass disturbance is of importance. It is typically caused by blast damage, vertical
unloading and strain resulting from stress changes and rotation in the pit walls rock mass.
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FACTOR AFFECTING PIT SLOPE DESIGN

Ground water

Open pit slope drainage and depressurization is a key factor in presence of highly fractured
rock masses. Water pressure in discontinuities diminishes the overall resistance of the rock
mass.

Ice formation

Deep depressurisation of rock slope, especially in cold climate where frost penetration can
reach decametric order of magnitude, is important in order to avoid rock mass disturbance due
to ice formation and water pressure build up behind the iced zone.

Blasting

Hoek et al, 2002 recommends that the rock mass strengths be downgraded to disturbed values
to account for rock mass disturbance associated with heavy production blasting and vertical
stress relief and stress rotation. Hoek indicates that, in deep open pits, a disturbance factor of
0.7 would be appropriate for a mechanical excavation where no blasting damage is expected.
Experience indicates that a disturbance factor approaching the value of 0.7 may be achievable
for moderate height slopes with the application of excellent controlled blasting practices. A
disturbance factor of 1.0 is assumed for conventional production blasting.

In the present case, mechanical excavation is foreseen and if blasting proves to be necessary,
precautions must be used. The blasting strategy should keep blast holes a certain distance
from the bench slope surfaces. It should consider excavating with mechanical means the zone
in between the blast holes and the bench faces. The intensive presence of discontinuities in
the rock mass will quite obviously absorb the blasting energy rapidly thus limiting the range of
damages penetration to the rock slope. With this procedure, it is expected that the disturbance
factor should be minimized.

METHODOLOGY FOR PIT SLOPE STABILITY ASSESSMENT

Based on the preliminary Engineering Geological Model developed for the rock masses
encountered in the Joyce Lake pit area and presented in chapter 4, the iron oxide rock mass
quality is considered as “weak”. Consequently, the potential instability mode in the pit slopes is
likely to be controlled by rock mass strength rather than structure, even at bench scale. For this
reason, the slope design process was started with analyses of the overall and inter-ramp slope
angles, to determine a slope angle that meets the stability acceptance criteria presented in
Table 14.

Conventional Limit Equilibrium Analyses (LEA) are often conducted to evaluate the maximum
overall slope angle for pit walls with an acceptable factor of safety. LVM performed a slope
stability assessment using limited equilibrium analysis software Slide 6.0, developed by
Rocscience. This software was used to generate Factors of Safety according to the
Morgenstern-Price solution for circular slip surfaces.
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The inputs for the LEA analysis are listed below:

» Slope configuration, defined by the slope height and inter-ramp slope angle.

» Material properties, assigned to entire slope based on the dominant rock type (weighted
density, cohesion and friction angle, obtained from the rock mass properties).

» Water Table, coinciding with the surface of the pit, to simulate the worst-case scenario.
» Seismic loading, simulated by an application of static forces, that represent seismic inertial

forces resulting from potential ground accelerations caused by an earthquake (pseudo-static
method).

The seismic loading requires the input of seismic parameters such as peak ground
acceleration (PGA) and the seismic coefficient (k).

The PGA value was determined from Natural Resources Canada — Earthquakes Canada, 2013.
Based on the interpolation using the Shepard’s method from a 10km spaced grid of points. The
value of PGA in the area of the proposed pit is 0.036 g, determined for a 2% in 50 years
(0.000404) probability of exceedance according to Canadian National Building Code 2010.
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PIT WALL STABILITY ANALYSES
RATIONALE AND INPUT DATA FOR STABILITY ANALYSES

One of the input parameters for the slope stability assessment using LEA is the material
properties. Figure 12 shows the flow chart for estimation of rock mass parameters required for
stability analysis using GSI and Hoek-Brown method.

Figure 12: Data flow for using Hoek-Brown and GSI system for estimation rock mass properties
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In order to use this criterion for estimating the strength of jointed rock masses, three following
‘properties’ of the rock have to be estimated:

» Uniaxial compressive strength c; of the intact rock pieces;

» Value of the Hoek-Brown constant m;;

» Value of the Geological Strength Index GSI for the rock mass (Hoek (1994) and Hoek,
Kaiser and Bawden (1995)) for estimating the reduction in rock mass strength for different
geological conditions.

These parameters, o, m; and GSI, were estimated and discussed in the section 4.
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LIMIT EQUILIBRIUM STABILITY ANALYSIS

General

The limit equilibrium analyses were conducted to evaluate the maximum achievable overall
slope angle for each design section with an acceptable factor of safety of 1.3.

Geotechnical Model

As stated in section 6, the Iron Formation rock mass quality is such that LEA represents the
mode of slope failure independently of the pit slope dip orientation. A generic open pit mine
slope of 150 m high for which the Iron Formation compose essentially the slope material and
where the shale formation is more deeply imbedded has been considered as the base case.
This corresponds to a bottom of pit at an elevation of roughly 380m. Also, the base case
considers that Joyce Lake will be emptied completely from water, exception made of a water
pond used to pump collected runoff. The analyses were conducted in both static and seismic
loading conditions.

These analyses are used to assess the Inter Ramp Angle (IRA) meeting the required 1.3 safety
factor. Figure 13 shows the geometry of the base case model.

Figure 13: Geometry of the generic pit slope model
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The evaluated GSI values were used to estimate the parameters for generalized Hoek-Brown
failure criterion. The parameters used in the rock mass stability analysis for pit slopes are
summarized in Table 13.

Analyses Results

Static Analysis

A stability sensitivity analysis has first been performed to assess the impact of the presence of
the water pond collecting runoff for pumping in the Joyce lake bed. It was assumed that the
groundwater can seep through the pit slope wall with different Hy/H values depending on the
distance from the pit slope edge and the water pond. The groundwater profile has been
determined using finite element seepage analysis to determine the seepage surface extent on
the pit slope. The results of multiple analyses are presented in figure 14 where safety factors
are plotted for different distances and different IRA slope angles.

Figure 14: Safety Factor Vs Inter-Ramp Angle depending on distance (50, 100 and 150m) from water pond
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Based on the appreciation of these results and considering field logistic operation, a distance
of 100 m between the crest and the water pond was selected.

A second sensitivity composed of multiple analyses was conducted to assess the influence of
the underground water table position in regard with the pit slope surface. A distance of 15
meters was set as a minimum distance to avoid frost penetration to mitigate icing damages in
the rock mass and also to avoid water pressure buildup in the slope wall due to icing restriction
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to seepage flow. At the present stage of the hydrogeological study, a peripheral system of
deep wells is considered for the underground water table control. Therefore, respecting a
distance of 25 meters between the slope and the water table was considered feasible and was
retained for the base case. Figure 15 presents the plotted curves where safety factors are
plotted for 15 m and 25 m distances and different IRA slope angles.

Figure 15: Safety Factor Vs Inter-Ramp Angle depending on distance (15m and 25m) between slope and water table
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It can be seen that for the last case, an IRA of 47° is acceptable. The IRA does not take into
account the presence of the Hauling Ramp.

Based on the assumptions of using good controlled production blasting practices and trimming
and forming of the final benches with mechanical excavation (D=0.7), the minimum safety
factors obtained from the analyses is found to meet the required minimum safety factor based
on common engineering practice for static loading conditions. Figure 16 shows the results of
static analysis based on the mean values of rock mass properties.
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Figure 16: Minimum safety factor of static analysis (deterministic approach)
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7.2.3.2  Pseudo-Static Analysis

The seismic stability of the base case slope was analyzed using the pseudo-static method.
Seismic data was taken from the 2010 National Building Code Seismic Hazard Calculation
data base which is reproduces in Appendix 5. A seismicity event with 2500 years return period
was selected for the seismic analysis, which is considered appropriate for the open pit. The
analyses were performed using a peak ground acceleration value (PGA) of 0.036 g which
yields the pseudo-static parameter k = 0.5 x PGA = 0.018.

As shown on figure 17, the minimum safety factor obtained from the analyses is much greater
than the required minimum factors of safety for pseudo-static slope stability analyses are
selected based on common engineering practice as 1.1 for high consequences as presented in
table 14.
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Figure 17: Minimum safety factor of pseudo-static analysis (deterministic approach)

1 satery Factor
0.000

0.500

4008

1.000

260
P e

1.500

2.000

2.500

200

3.000

3.500

4.000

150
i el

4.500

5.000

5.500

6.0004+

100

Iron Formation

00

7.2.3.3  Probabilistic Analysis

Since the rock mass strength parameters are variable and a high degree of uncertainty is
always predictable, a probabilistic approach to the analysis of slope stability can be useful to
assess the risk of failure. Assigning a normal distribution to the rock mass parameters allows to
simulate the degree of uncertainty in these values. The Monte-Carlo technique is used to
randomly generate input data samples, based on the normal distribution. Therefore, for a given
slip surface which is calculated based on the mean values, variable safety factor values can be
generated. This results in a distribution of safety factors, from which a Probability of Failure for
the slope can be calculated. This is an essential parameter in risk assessment.

The probabilistic slope stability analysis is performed using the variation of geo-mechanical
parameters of Iron Formation summarized in table 15. Based on the design criteria explained
in section 5.2, the probability of failure (P [FOS<1]) obtained from the probabilistic analyses is
found to be less than the required criteria of 5%.
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Table 15: Variation of Geo-mechanical Parameters of Iron Formation

ROCK MASS AND INTACT
ROCK PARAMETERS MIN MEAN MAX COMMENTS
GSI 25 35 45 Evaluated by - Figure 8
Unit Weight, (kN/m3) 239 32,5 48,8 Laboratory Test
UCS, (MPa) 15 60 106 Laboratory Test

Figure 18 shows the results of the probabilistic analysis. Also, cumulative probability plot of
factor of safety is presented in Figure 19. As it can be seen, the probability of factor of safety
less than 1.0, 1.2 and 1.3 are <3%, <24% and <47% respectively. This means that the existing
database on the Iron Formation presents variations for which in 47% of the cases, the real
Safety Factor doesn’t meet the safety requirements. It also means that there is a 3% risk of
slope failure. Further information on rock mass quality and increasing the number of tests on
the rock could diminish the standard deviation. This would reduce the probability not to meet
the required Safety Factor value.

Figure 18: Summary of results after probabilistic analysis
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7.2.3.4

Figure 19: Cumulative probability plot of factor of safety
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For this study a sensitivity analysis has been performed to determine which geo-mechanical
parameters of I[ron Formation have the greatest effect on safety factor. To do so, individual
input parameters are varied between the minimum and maximum values presented in table 15
which results in a plot of safety factor versus the geo-mechanical parameter value shown on
figure 20. The three parameters shown have the most significant influence on the safety factor.
Consequently, efforts should be put on collecting more data on these parameters.
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Figure 20: Plot factor of safety versus the variation of geo-mechanical parameters of Iron Formation (see table 15)
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Benches Static Stability Analysis

For this study a sensitivity analysis has been performed to determine minimum factor of safety
on a local bench (H) when water table (Hw) vary using static stability analysis. To do so, the
(Hw/H) ratio is varied between 0 and 1 to measure the influence on factor of safety.

The minimum safety factors obtained from the analyses met the required minimum F.S. based
on common engineering practice for static loading conditions as presented in table 14.

Figure 21 shows the results of static analysis on local bench based on the mean values of rock
mass properties.
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Figure 21: Minimum safety factor of static analysis varying water table on a local bench
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STRUCTURAL STABILITY CONSIDERATIONS AND KINEMATICS ANALYSIS

During the geo-mechanical field investigation, some rock discontinuity data including joint
orientation, joint roughness, joint planarity, joint alteration and joint infill were collected. These
data were recorded from the cores as part of core logging process and are presented on the
borehole logs in Appendix 2. The joint orientation data collected as alpha (a) and beta (B)
angles were analyzed using Dips Version 6, developed by RocScience to infer the potential
mean joint/fracture planes that may trigger unstable structural failure during mine excavations.
Stereographic plot of the data is presented in Figures 6 and 7. Disregarding the geological
units and based on available orientation data from 4 inclined boreholes drilled on the pit wall,
five (5) discrete joint sets were potentially identified as summarized in Table 12 in section 4.4.2.

The failure mode of this highly fractured rock mass should primarily be governed by rock mass
strength properties applied to the overall slope. Kinematic failure modes could also be an issue
but the number and location of structural data representing the Iron Formation is not sufficient
to carry out the kinematic analysis. Kinematic analysis generally addresses the potential of
local structural instability in the scale of one or several benches. In the present case the local
stability has been checked using LEA.
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RECOMMENDATIONS
PIT WATER MANAGEMENT

Joyce Lake Pumping facility

The base case concerning the infringement of the mining open pit within the footprint of Joyce
Lake is to temporarily empty the lake during the pit operation. To maintain the lake empty
through time, runoff from the lake watershed will need to be pumped out on an ongoing
manner. Pumping facilities will have to include a water ponding basin for pumps operations.
This basin should be kept away from the open pit slope crest in order to avoid feeding
unfavorably the underground water table. A preliminary sensitivity analysis (see chapter 7) has
shown that a minimum distance of 100m between the water ponding and the crest of the pit
slope would be reasonable.

Surface diversion ditches

Diversion ditches along the pit crest are required to divert the surface runoff away from the pit
during operations.

Pit slope depressurization

Stability analyses of the rock mass for optimization of the pit slope have shown that the safety
factor is very sensitive to the position of the water table. Also, deep frost penetration in
exposed pit slope surface is to be considered. This consideration shall enforce that the water
table be maintain as far as possible from the slope surface in order to avoid ice formation in
joints that will diminish the rock mass permeability and promote the rise of the water table
around the pit. This would result in pressurization of the pit slope and would be very
detrimental to the slope stability. A minimum perpendicular distance of 25 meters from the inter
ramp angle line measured between the toes of benches faces and the water was considered
for stability analyses and is recommended to be always maintained during mine operation.

Vertical Pumping Wells

The installation of pumping wells will be of great importance to control and depressurize the
rock mass. The water table lowering can be achieved either by the installation of staged
peripheral medium depth wells or by peripheral deep wells system installed at ground surface
level. The later might prove to be more cost effective. It can progressively lower the water table
as excavation proceeds without possibly delaying production as would the implementation of
the former system might do. Indeed, the stage wells system would have to be installed on the
slope benches as excavation proceeds. This might interfere with operations. Also, with a stage
wells system, upper stages can become obsolete as the water table is drawn down while the
deep wells system remains always functional. Finally one further advantage for peripheral deep
well system is that additional wells can be added at any time at ground surface if unpredicted
water seepage condition develops in the pit walls.
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One of the advantages of well pumping compared to bottom of pit pumping is the potential
superior water quality of wells outflow compared to surface water. The later will definitively
require water treatment before release in the environment while the former might very likely be
adequate for direct release in the environment.

Horizontal drains

Horizontal drains are not, in the present project, the favoured solution for open pit slope
depressurization and drainage. This is due mainly to the following different considerations:

» Due to the deep frost penetration in exposed rock mass, they should be drilled with an
upward slope to insure free gravity flow without water remaining inside the drains and they
shall be long enough to reach unfrozen rock mass.

» They would increase potentially the frost penetration depth in the rock mass by intrusion of
cold air.

» Due to the highly fractured rock mass, they need to be lined with slotted piles to avoid local
collapse or plugging by falling pieces of rock within the hole.

» The water released by a horizontal drain system will runoff on benches (if not connected
directly to header pipes) and will quite probably pick up suspended iron oxide particles.
Therefore, it will have to be pumped to a treatment facility before release in the environment.
Also the permanent water runoff will promote benches saturation and increase their
instability.

Horizontal drains should be used only locally and in exceptional cases where no other solution
is available.

SLOPE GEOMETRY
Benches and IRA

Benches height has been set at 9m by the main engineering consultant when optimizing the pit
profile in regard of the actual block model. Stability analyses have shown that the maximum
IRA is to be 45° if the water table is drawn down sufficiently to insure a distance of 15 m
between the slope face and the water table. The IRA can be increased to 47° if this distance is
increased to 25 m. Drawing down the water table to this level is possible but additional
pumping effort will imply a trade off with the economy on the stripping ratio at a later phase in
the project. Meanwhile, the IRA of 47°is recommended at this phase of the project. Benches
face angles varying between 65° and 75° are recommended and can be adapted to the local
rock mass characteristics observed during excavation. For bench faces of 75°, bench width is
6.0m which is 5% less than 6.3 m required bench width mentioned in section 5.1. At this stage
of the study, bench width 6.0m was considered acceptable.
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Rockfall Protection

The rock mass being highly fractured, the possibility of loose blocks falling down the 9 m high
benches faces is to be foreseen.

For benches width smaller than 6.0m, catch fences installed on the benches should be
considered every two to four benches depending on local rock mass quality and as benches
width gets narrower, safety berms meeting this dimension should be inserted at regular
benches intervals. Also, wire mesh protection could provide an alternative solution for Rockfall.

OPERATIONAL CONSIDERATIONS

Excavation and slope protection

Most of excavation will be done by ripping and/or digging.

Any blasting if required should be kept at as minimum distance of 50m from benches faces.
Some of the rock mass material could locally be erodible by runoff water. Local protection
using membranes to intercept runoff might prove to be necessary. Proper management of
runoff water is to be implemented to avoid surface erosion of benches and saturation of the
rock mass in the benches.

Regular inspection and cleaning of water diversion systems (surface diversion ditches,
collection ditches and sumps, etc.) have to be implemented on a regular basis.

Slope depressurization

Slope depressurization is a key element for the open pit slope stability. The system shall be
robust and some redundancy of wells has to be integrated to the system to insure its
effectiveness in case of partial shutdowns. Also, backup of key elements of the system related
to energy delivery, piping, pumps and electrical equipment should be envisaged.

Geotechnical monitoring

The rock mass of the iron formation is very heterogeneous in terms of intact rock and in term of
rock mass mechanical properties. Monitoring of local slope movements and of water table
position is of prime interest.

Slope movements can be monitored on continuous basis using one or several slope stability
radar units aiming at the critical sectors of the open pit. The radar system is mainly used for
operational safety because it’'s rapid response and wide area coverage. Radar data is
transmitted to central computers that can analyse the response and be programmed to trigger
alarms if pre-specified levels are reached. Radar technology has to be used along with precise
periodical land survey of monitoring monuments to complement the radar data by defining the
direction of displacements and covering larger areas than the radar.

During excavation operations, some local slope areas could prove to be critical and might need
special monitoring such as installation of inclinometers installed at certain benches levels.
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Extensive water table monitoring is to be considered. Multi-level piezometers will have to be
installed in numerous places and monitored on a regular basis. The minimum number of
piezometers shall be at least equal to the number of dewatering wells and they should be
staggered with the peripheral wells and located downstream of the wells line. Also, continuous
records of wells discharge rates have to be implemented.

Temperature monitoring is also a concern to assess frost penetration in the exposed rock
mass. The installation of thermistors is to be considered.

NEXT PHASE STUDY REQUIREMENTS

Out of 529 m of drilling length in the Iron Formation only 110 meters of runs showed an RQD
larger than 50% and only 10 meters of core were presenting lengths sufficiently long to be
tested in laboratory. This yields a database of rock joints orientation which proves to be
variable and limited in number.

The next phase study shall aim at defining more accurately the joints database and the overall
geometry of the contact between competent shale and sandstone formations with the Iron
Formation. In order to achieve this, additional boreholes will be needed and additional
methods of investigation should be deployed.

Geophysical methods such as seismic reflexion coupled with seismic refraction should be
promising and relatively cheap to execute. Four parallel 1km long lines oriented North-East /
South-West and two perpendicular lines of the same length should yield needed information of
the Iron Formation to shale interface position. Also, a geophysical study of blasting energy
absorption by the Iron Formation could at the same time be executed. It would help to assess
the minimum distance between blasting holes and the future faces of the pit slope, in order to
protect the rock mass if blasting is deemed to be used.

To adequately enhance the knowledge of the joint orientation data base, the execution of
acoustic and optical geo-camera surveys in additional boreholes should permit to measure
joints orientations and the in-situ joints geometry and bedding characteristics. Such a survey is,
on the other hand, perilous due to the risk of losing the cameras if pieces of rock fall down the
hole behind the camera. Innovative methods of providing shelter to the camera against fallouts
might have to be experimented.

A minimum of 6 additional HQS3 size vertical geotechnical boreholes phase with acoustic and
optical camera survey should be envisaged for detail engineering. Vertical holes will quite
probably yield better recovery than incline holes.

Laboratory tests for next phase study
Rigorous statistical procedures exist to determine the number of specimen to test in order to

build a database sufficiently robust to meet requirement for detail engineering design.

Gill et al. (2004) proposed an algorithm based on small — sampling theory to determine the
minimal number of specimen to achieve the required precision index (figure 22) with respect to
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a given target confidence interval. The precision index is defined as the ratio of upper and
lower bounds of the number of mean interval as estimated from a group of samples. For
permanent mining works and civil engineering applications, it is suggested to insure that
P<1.35.

The minimal number of specimens then is determined using this algorithm which relates the
required precision index and the coefficient of variation (100 x average value / standard
deviation) obtained after testing.

Based on the number of laboratory tests done for Iron Formation (chapter 4), the coefficient of
variation of 60 % and 78 % are evaluated for uniaxial compression strength and tension
strength respectively. With respect to the confidence interval of 95 %, the minimal number of
samples for laboratory testing using small-sampling theory for two different precision indexes of
1.35 and 1.5, are determined and presented in table 16. Table 17 presents the current amount
of data obtained during this campaign.

For permanent mine opening, a precision index 1.35 is desirable, which means that a total of
about 109 UCS test and 66 Brazilian tests should be required to build a robust database.

Figure 22: The precision index and maximum relative error suggested for different application
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Table 16: Minimal number of laboratory testing for different Precision index

NUMBER OF SPECIMENS FOR NUMBER OF SPECIMENS FOR

PRECISION INDEX

UCS TEST BRAZILIAN TEST
<13 66 109
P<15 38 62

Table 17: Current Database
NUMBER OF UCS TEST PERFORMED NUMBER OF BRAZILIAN TEST PERFORMED

Note : These numbers exclude tests that were considered invalid
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CONCLUSION

The primary considerations for the design of the open pit slopes are related to maximum inter-
ramp and overall slope angles. These angles will affect the stripping ratio and the amount of
ore that can be economically removed from the mineralized zone. The basis incorporated for
the design of the open pit slopes is consistent with typical practices for open pit mines. Overall
inter-ramp slope stability analyses have been conducted to ensure a minimum factor of safety
of at least 1.3. The slope angles have been set based on overall rock mass characteristic
which take into consideration the highly fractured Iron Formation and its intact rock physical
and mechanical properties. The overall rock mass characteristics showed that essentially the
primary mode of failure would be an overall circular slope failure similar to a soil failure.

The highly fractures rock mass of the Iron Formation greatly limited the possibility of orienting
intact core recovery and therefore limited the possibility to identify with confidence families of
discontinuities. Therefore the small data set of discontinuity characteristics which was collected
limits the possibility of kinematic analyses for the assessment of local failure modes in the
benches.

The overall stability analyses suggest the recommended pit slope angles are reasonable and
appropriate. However, this design has a number of operational constraints including keeping
water ponding away from the slope, careful mechanical excavation, slope surface water runoff
control and effective slope depressurization. It also requires extensive monitoring and on-going
commitments to data collection throughout the operational life of the mine.

As optimization of the open pit outline progresses the final bottom depth of the open pit is to be
increased by 66m. An update of the safety factor for this additional depth will be included in
this report at a later stage. This will diminish the safety factor of the slope. The minimum
acceptance criteria of 1.2 for the safety factor is actually well met with the 1.3 present value. It
is believed that the update will show that the minimum acceptance criteria will still be met.
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