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SUMMARY OF TYPES OF WORK IN THIS REPORT

EXTENT OF WORK

ON WHICH TENURES

(in metric units)

GEOLOGICAL (scale, area) NA
Ground, mapping NA
Photo interpretation NA
GEOPHYSICAL (line-kilometres) NA
Ground NA
(Specify types)
Airborne NA
(Specify types)
Borehole 29 Drillholes completed LOT 1, District LOT 4588, Kootenay District Plan 9330

Gamma, Resistivity,

5,960 Meters

A total of 19 RC drillholes (5,623m) were completed. 18
Drillholes were within active mining pits on the same
property as above. One drillhole was outside the C2
boundary in the Baldy Ridge area. An additional 10 short
underground core holes (337m) were completed.

Resistivity 5,623 Meters

Caliper 5,623 Meters

Deviation 5,623 Meters

Dip NA

Others  (specify)
Core 337 Meters Core drilling
Non-core 5,623 Meters | RC drilling

SAMPLING AND ANALYSES

Total
# of
Samples

1975 | Proximate

Currently estimates only, work still ongoing.

Ultimate

95 | Petrographic

95 | Vitrinite reflectance

Coking

Wash tests

PROSPECTING (scale/area)

NA




PREPARATORY/PHYSICAL

Line/grid (km)

NA

Trench (number, metres)

NA

Bulk sample(s)

NA




Appendix C remains confidential under the terms of the Coal
Act Regulation, and has been removed from the public version.

http://www.bclaws.ca/civix/document/id/complete/statreg/25
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Introduction

1. General Geography and History

The Elkview property is located approximately 3 km east of Sparwood. It is accessed by
driving east on Highway 3, then turning on to the Elkview Mine access road as illustrated in
Figure 1. The general coordinates of the property are Latitude: 49247' 10" N,

Longitude: 1142 49' 39" W. The tenure associated with this site is LOT 1, DISTRICT LOT
4588, KOOTENAY DISTRICT PLAN 9330 as shown in Figure 2. Elkview Operations forms
part of the larger TECK COAL LIMITED.

The Elkview mine site is situated within the front ranges of the southern Canadian Rocky
Mountains. The coal measures are contained within the Mist Mountain Formation of the
Kootenay Group.

Historical mining on the Elkview property began late in the 19th century and included
underground mining of upper coal seams on both Baldy and Natal ridges. By 1969, Kaiser
Resources Limited progressed to large scale open pit operations of the Balmer Mine.
Reclamation permit (C-2 permit) was approved in 1970 authorizing the operation of the
Balmer Mine under the BC Mines Act.

On August 31, 1992, Westar Mining Limited (successor to Kaiser Resources Limited) was
petitioned into bankruptcy. On December 9, 1992, Teck Corporation acquired the assets of
the Balmer property including all fixed infrastructure related to the Balmer Mine, mine
equipment owned by Westar, and clear title to a portion of the original Kaiser Lands where
coal mining rights had been acquired from Crowsnest Industries. Elkview Coal Corporation
(ECC) was formed to operate the newly renamed Elkview Mine as a wholly owned
subsidiary of Teck Corporation.

All approvals previously issued to Westar Mining - Balmer Operations were considered to
be in good standing. Elkview made an application to resume operations under
Section 10(1) of the Coal Act on April 26, 1993. An amended reclamation C-2 permit was
issued on May 3, 1993. Mining and coal processing re-started shortly thereafter and
continues today. There have been a number of amendments to the C-2 permit since 1993,
as new operating areas and supporting infrastructure have been required. In 1996, an
Environmental Assessment Certificate (EAC) was issued for the development of Bodie
Spoil.

Since 1970, EVO has produced 202 M metric tonnes of steel-making coal for sale to various
customers globally. As of 2013, total disturbance at EVO was 4,167 hectares (ha) with
2,902 ha of this area reclaimed.
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i) Figure 1: Elkview Property Lease Map, 2016
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Reference:

ii)

Figure 2: Elkview Property Tenure Map, 2016
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) Figure 3: Elkview Drillhole Location Map, 2016 Baldy Ridge
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iv) Figure 4: Elkview Drillhole Location Map, 2016 Natal Ridge
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2. Geology

i) Stratigraphy

The general stratigraphy at Elkview Operations is summarized in Table 1 below.

Table 1 - Regional Stratigraphy

Period

Litho-Stratigraphic Units

Principle Rock Types

Recent

Colluvium

Quaternary

Clay, silt, sand, gravel, cobbles

Lower Cretaceous

Blairmore Group

Massive bedded sandstones and
conglomerates

Elk Formation

Sandstone, siltstone, shale, mudstones,

K chert pebble conglomerate, minor coal
O | Mist Mountain Formation Sandstone, siltstone, shale, mudstones,
0] thick coal seams
T Moose Mountain Medium to coarse-grained quartz-chert
Lower EIMF Member sandstone
Cretaceous N|lO O
to AIRR
Upper YR M
Jurassic I A Weary Ridge Fine to coarse-grained, slight ferruginous
G[sT Member guartz-chert sandstone
RIS |
O|EO
UJY N
P
Jurassic Fernie Formation Shale, siltstone, fine-grained sandstone
Triassic Spray River Formation Sandy shale, shale quartzite
Rocky Mountain Formation Quartzite
Mississippian Rundle Group Limestone

Economic coal occurs in the Mist Mountain Formation of the Jurassic-Cretaceous Kootenay
Group as shown in Table 1. The formation abruptly and conformably overlies the Morrissey
Formation. It averages 500 to 600 meters in thickness and contains from 4 to 30 plus
seams. There is approximately 60m of cumulative mineable coal thickness within the Mist
Mountain Formation as illustrated in Table 2. Seams range in rank from high to low-volatile
bituminous coal. The Elk Formation overlies the Mist Mountain Formation at the top of the
Kootenay Group. Its characteristics are similar to those of the Mist Mountain, but lack coal
seams of potential economic thickness, and contain sapropelic coals in addition to humic
coals. The data confirms a general fining-upward sequence typical of fluvial-alluvial

depositional systems.




Table 2 - Mist Mountain Formation Coal Seam Stratigraphy
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The coal-forming environment is believed to have been relatively isolated from sources of
clastic material. Three coalfields lie within the Mist Mountain Formation in southeastern
BC: Elk Valley Coalfield, Flathead Coalfield and the Crowsnest Coalfield. The Elkview mine
is situated at the northern end of the Crowsnest Coalfield. It produces low to medium-
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volatile hard coking coal and lesser amounts of thermal coal from a large number of seams
through a thick Mist Mountain Formation section.

ii) Structure

The East Kootenay coalfields are underlain by the Lewis Thrust plate and form part of the
Front Ranges of the Rocky Mountains. This area is characterized by initial compressional
forces resulting in folding and thrust faulting followed by extensional structures such as
normal faulting. The Crowsnest Coalfield is bounded by the west-dipping Erickson normal
fault on the east and the Bourgeau thrust fault on the west.

The geology within the Elkview property dips towards the west at approximately twenty
degrees and plunges gradually to the south at about four to eight degrees. Multiple thrust
faults and normal faults occur throughout the property mostly striking in a north west to
south east orientation. This has resulted in coal seam repeats and structural deformation
and complexity along the thrust fault boundaries.

The geology at the Elkview Operations is classified as moderate and complex as per the
Geological Survey of Canada Paper 88-21 “A Standardized Coal Resource/Reserve Reporting
System for Canada”. There are numerous normal faults and thrust faults at the Elkview
Operations that vary in the amount of displacement. Some of these faulted areas are
associated with folds, over turned coal seams and other structural deformations.

3. Exploration Program 2016

i) Goals/ Objectives

The 2016 Exploration program was reduced to only include critical drilling requirements
to reduce capital spending. The project was focused on drilling required to maintain a two
to three year window of high geological confidence ahead of the active mine plan.

The objective of the 2016 exploration program was to increase the geotechnical data for
mine design and high wall placement purposes of the planned Baldy Ridge 6 (BR6) pit. This
drilling program was planned to collect additional structural and coal quality data within
the complex faulted areas in Natal Phase 2 (NP2), Natal Phase 1 (NP1) and Baldy Ridge 2
(BR2) mining pits.

ii) Summary of Work Done

A total of nineteen reverse circulation boreholes were completed in the Baldy Ridge and
Natal Ridge areas at Elkview Operations for a total of 5,623m of drilling and 0.6ha
disturbed. Existing exploration trails were reactivated to access an existing drill pad which



was deactivated at the end of the program. The drilling locations are illustrated in both
Figures 3 and 4.

A total of ten boreholes were drilled in NP2 pit for a total of 3,648m in 2016. The majority
of these boreholes were placed within the complex fault zone to provide additional
geological confidence for the model and production forecast. Drilling within the NP2 pit
area provided new information and resulted in an updated fault and structural
interpretation.

In-pit drilling was also completed within the NP1 pit and consisted of five reverse
circulation boreholes for a total of 980m. Drilling within this pit was focused on the deeper
western limit to confirm the 10 seam structure and volumes.

Three holes for a total of 848m were completed in the Baldy Ridge 2 (BR2) pit to intersect
the complex thrust faulted 10 seam area. Due to the complexity and variability of this
faulted zone we have historically seen large volume changes within the 10 seam.

One hole of 174m was drilled in Baldy Ridge 7 (BR7) for geotechnical, mine design and wall
placement purposes. This was the only surface hole outside of the C2 boundary, all other
holes were in-pit.

Elkview also completed underground drilling into the hanging wall of the main coal
conveyance tunnel as part of the Baldy Ridge Expansion project. These holes were designed
and placed to supply geotechnical information on the hanging wall lithology types and
material strength and competencies. A total of ten short holes; 337m were completed.
These holes are also illustrated on the drilling map in Figure 3.

Reverse circulation rotary drilling was performed by Foraco Drilling with one drill rig with
the capability to drill to 650 meter depths. The geophysical logging was performed by
Datalog Services. Gamma, neutron, open-hole density, slim-line density and borehole
deviation were logged through the drill pipe on all boreholes. In addition, dipmeter analysis
was performed on select boreholes.

All the drill holes were logged with slim tool equipment consisting of gamma density,
gamma-neutron and downhole deviation. A total of 1,975 coal sample increments were
collected and an estimated 95 seam composites will be analyzed to confirm coal quality,
petrography, mineral ash analysis and sulphur.

Coal seams intersected in reverse circulation boreholes were sampled at half meter
intervals (plys) and sent to the Elkview Central Lab. Raw ash, FSI, Residual Moisture and
Light Transmittance analysis (as required) were performed on ply samples. Ply samples
were grouped together to create composite samples to most accurately reflect seam quality



data. Current mining practices, geophysical log signatures and ply sample analysis were the
main pieces of information used to generate composite samples from plys and determine
core sample intervals. Lab analysis determined Ash, VM, RM, Sulfur, Phosphorous, FSI, LT
and FC for composite samples and core samples at specific gravities ranging from 1.40 to
1.70 S.G. Raw and clean proximate analysis and rheological analysis was performed by the
Elkview Central Lab. All mineral ash analysis work was send to the Green Hills Operations
lab. Select composites and core samples were selected for petrographic analysis. David E.
Pearson and Associates (Victoria, BC) performed all petrographic analysis.

The following table shows borehole locations with respect to Coal Lease and District Lot

boundaries:

Table 3 - Elkview Operations 2016 Borehole locations

Mine pit / area

Boreholes

Baldy Ridge 2 (BR2)

2016BR2017, 2016BR2018, 2016BR2019

Baldy Ridge 6 (BR6)

2016BR6020, 2016BR6021, 2016BR6022, 2016BR6023,
2016BR6024, 2016BR6025, 2016BR6026, 2016BR6027,
2016BR6028, 2016BR6029

Baldy Ridge 7 (BR7)

2016BR7016

Natal Ridge 1 (NP1)

2016NP1008, 2016NP1009, 2016NP1010, 2016NP1014,
2016NP1015

Natal Ridge 2 (NP2)

2016NP2001, 2016NP2002, 2016NP2003, 2016NP2004,
2016NP2005, 2016NP2006, 2016NP2007, 2016NP2011,
2016NP2012, 2016NP2013




Elkview Operations
Drillhole Locations 2016

HOLEID EAST NORTH Elevation (m) Total Depth (m) Azimuth Dip Borehole Type Date Surveyed
2016BR2017 656312.6913 5512857.798 1788.56 274 0 -90 RC 2016-07-03
2016BR2018 656331.1576 5512885.009 1788.94 284 0 -90 RC 2016-07-04
2016BR2019 656377.3617 5512956.848 1789.8 290 0 -90 RC 2016-07-06
2016BR6020 656109.5767 5515082.59 1701.6 21 0 -90 CORE 2016-08-14
2016BR6021 656039.8379 5515044.201 1689.6 33.5 0 -90 CORE 2016-08-17
2016BR6022 655978.6564 5515011.354 1678.8 21.6 0 -90 CORE 2016-08-21
2016BR6023 655914.4939 5514975.175 1668.1 22 0 -90 CORE 2016-08-29
2016BR6024 655844.9479 5514939.014 1656.5 27.5 0 -90 CORE 2016-08-28
2016BR6025 655813.8924 5514922.406 1651.7 34.8 0 -90 CORE 2016-08-29
2016BR6026 655750.2911 5514887.525 1640.4 48 0 -90 CORE 2016-09-01
2016BR6027 655631.6457 5514823.304 1620.2 78.5 0 -90 CORE 2016-09-07
2016BR6028 655450.3285 5514724.571 1589.2 10.5 0 -90 CORE 2016-09-10
2016BR6029 655195.9234 5514585.047 1545.7 39.5 0 -90 CORE 2016-09-13
2016BR7016 655294.6059 5513926.932 1753.48 174 0 -90 RC 2016-06-30
2016NP1008 656948.7046 5510388.407 1423.89 207 0 -90 RC 2016-05-29
2016NP1009 656943.3116 5510063.446 1440.15 260 0 -90 RC 2016-05-31
2016NP1010 656906.9164 5510155.622 1440.08 201 0 -90 RC 2016-06-09
2016NP1014 657146.4169 5510358.819 1443.03 139 0 -90 RC 2016-06-17
2016NP1015 656919.4228 5510188.213 1440.32 173.5 0 -90 RC 2016-06-20
2016NP2001 658564.0014 5510167.824 1861.99 379.8 0 -90 RC 2016-05-08
2016NP2002 658736.8989 5510558.569 1859.65 300 0 -90 RC 2016-05-10
2016NP2003 658678.8132 5510371.661 1859.92 328 0 -90 RC 2016-05-12
2016NP2004 658756.338 5510028.573 1845.3 403 0 -90 RC 2016-05-19
2016NP2005 658380.6904 5510094.36 1862.3 390 0 -90 RC 2016-05-22
2016NP2006 658322.7193 5510179.546 1860.32 372 0 -90 RC 2016-05-25
2016NP2007 658325.1333 5510315.575 1859.86 350 0 -90 RC 2016-05-27
2016NP2011 658476.7198 5510401.664 1859.8 310 0 -90 RC 2016-06-12
2016NP2012 658572.1884 5509955.895 1844.34 424 0 -90 RC 2016-06-13
2016NP2013 658673.6056 5510103.356 1844.53 392 0 -90 RC 2016-06-15



iii) Results

The additional data from the 2016 exploration program was incorporated into the existing
geological model.

Lab analyses of clean coal will be added to the seam’s qualities in the Elkview acQuire™
database. Seam qualities increase the knowledge of the coal’s marketability and assist long
term mine planning in the region.

Reference:
ii) Appendix B - Sample Analysis

The 2016 coal samples are in the process of being analyzed. Available results will be
included into next year’s geological block model.

iv) Statement of Costs

The 2016 exploration program total cost was $557,353 and the cost breakdown is as
follows.

Drilling cost, $ 453,653 (Foraco Drilling)

Geophysical logging, $ 103,700 (Datalog Services)

The analytical work is being completed by the Teck Coal Laboratory.
The Petrographic work will be completed by Pearsons.

4. Conclusion

Drillhole data from the 2016 exploration program was entered and interpreted as the
program progressed. This enabled EVO to incorporate the newly updated geological
structure and volumetric data into the 2016 End of Year (EOY) reserve and resources
(R&R) model. The coal quality samples are still being analyzed and will be incorporated
into Mid-Year (MY) and EOY models for 2017.

The 2016 exploration program has successfully increased borehole density in all the
mentioned mining pits/areas. Televiewer data and geotechnical logging information have
improved current pit shell design and are essential to ongoing mine design and planning of
the Elkview Operations.
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Appendix A - Underground Borehole Logs

Project: Teck BRE Tunnel Rehab. FS - U/G Geotech
Project Location: Sparwood, BC

Log of BH-2016BR6020

. Sheet 1 of 5
Project Number: 60444413
Date(s) 08/13/2016 Eo39°¢ KenY. & Nicholas B. gpecked Marty McCabe
Drillin: . - Drill Bit Total Depth
Metho% Rotary Diamond Drilling Size/Type HQ3 - 61 mm Drilled (rﬁeters) 21.0
Drill Rig Drilling Approximate
Type Boart LM 55 Contractor Boart Longyear Surface Elevation
Groundwater Borehole : Inclination from :
Level Backfill Cap & Valve with Pressure Gauge Horizontal/Bearing Vertical
Location EVO - Chainage ~179.6 m, 4.48 m to Tunnel Floor from Collar, Top Roller No. 65 Hammer Data N/A
ROCK CORE Discountinuity Description
c . £ 5 4
20 ol |2 8 3|2 g/ £ £ 2 REMARKS
= ° o LR
%% 22 = qf, 2| 8|c|8|3 MATERIAL DESCRIPTION o|8| |5 3 5%2|, gc 5 ANDOTHER
Q£ 0] -l 3 |2|8]s =3 - =8| a|3|5[5|0
we oS8 6] 8|g|E]E FlE 8 g5 TS
0 [vd [iq L [p|=|3 a3 £ &
; 7] SHOTCRETE
7 [ grey, fine grained
E fresh (I), medium strong (R3)
7 1 COAL SH | 50 PL| R [Ca|T1|A0(15/0|3|25
il black, fine grained
! fresh (1), weak (R1), fractured
) N FR | 70 PL |SM -|A0|1]0|3|25
4R1 R1-3 | FR | 60 PL| R - |Aof15/0[3]30
57| 20 SHALE - silty FR | 85 ST| R - A0 35 0|3]30
7 NR [ dark grey, very fine grained, laminated
E + fresh (I), moderately weak rock (R2) from 0.7 to 0.82 m
1i 3 TCOAL/SHALE interbedding, black, fine grained, fresh (1) Field Axial PLT Test:
qu:4.3Mpa, Type 6
B Failure
| 5 FR -l -loer|-|A5|-|-|-]|-
| SHALE/COAL interbed, dark grey-black, fine grained, fresh IN | 80 PLISM| - | -|A0| 1101425
(1), very weak to moderately weak rock (R1-R2) from 1.4m to SH | 75 PL |SM -|A0|1]0|4|25
1 3 1.77m IN | 85 PL| R - |A0|15/0(4 |25
1 FR | 86 ST|R|-|-|A0|3|0|4|25
7 4 SILTSTONE - interbedded with coal IN | 55 PL|SM| Gr|T3|AT| 110|425
b dark grey-black, fine grained UN | 43 PL| R |Gr|T3|A1] 1|04 |25
2 | fresh (1), very weak to moderately weak (R1-R2)
JN | 50 PL| R | Gr|T5|A5(1.5/8|4 |20
Tref| 70| o M R1-Z | UN|86| - | C|R -|A0|3|0|4]30
7 FR | 85| - I | R|Gr|T1|A2|3|0|4]|25
| UN | 30 PL| R |Cm|T1|A1[15/0 4|25
] NI FR | 85 PL| R | Gr|T4|A4[15(6 4|30
| NR
| NR i~ FR
SHALE - silty
3 dark grey, very fine grained, laminated
B 1 fresh (1), very weak (R1) to moderately strong (R3)
| UN | 85 PL|SM -|Ao|1]0|2]|25
0 Field Axial PLT Test:
B JN (85| - I |sSM qu:21.4Mpa, Type 6
Failure
b UN | 85 PL|SM -|Ao|1]0|2]|25
| 0
{R3 ] 100 | 88 R1-3 | IN | 80 PL| R -|A1f15/0(2]|25
1 0
4|
- 1 JN | 85 PL |SM -|A0|1]|0|2]|25
’ | B!
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ROCK CORE Discountinuity Description
g o 'g 3 2 o o
Q
20 ol |2 8 3|2 g2 |£\2 REMARKS
[0 o 4 ° | o El Sl w
°s &8\ 2 | 5| =|%|:|2l5 MATERIAL DESCRIPTION o 5| @ 3 8|2 E | |slc5| ANDOTHER
20 @ SRR HEE 2|55 8%z 885553 TEST
me BE|[S| 8|9 3|El5]2 SEEIHETEHE NN STS
X | x| & |®a|z|3 alz £ &
E 1 ] IN | 72 PL |SM A1 2]0|2]25
1 0
B SH |8 | - |PL| K| -|-|A1|15/0|2|25
SILTSTONE - shaley UN | 74| - |PL|SM| - | - |At]|2]0|2]20
5 light grey, fine grained, laminated
E 0 fresh (I), moderately strong (R3)
il Field Axial PLT Test:
R4 |1} 100 | 100 R3 qu:92.1Mpa, Type 2
b 0 Failure
i IN | 75| - I | R| - |-|A1|3]|0]|2]|20|Field Diametral PLT Test:
UN 69| - |PL|SM| - | - |A1[1.50]2]25|qu:57-2Mpa, Type 1
— Failure
] 2 UN|[70| - |ST|SM| - |- |A2]15/0]2]|25
UN 69| - |PLIR| - |[-|A1|150]2]25
1 0
A
O
B 0
1 0
E 0
Trs Il 73 | 57 R3 UN 79| - |PL|R| - |-|A1[15/0]4|25
1 4 FR[-| -|-|RrR|-|-]as|-|of-
B fracture zone / suspected shear zone from 6.85to 7.15 m
= SH|30| - |PL|SM| - |-|A2[2|0|4]|10
7
B NI SH |40 | - |PL|SM| - | - |A2[2|0|4]|10
1 NR
Cco |85 | - |PL|SM|Gr|T4|A2|1|0510
s jﬂ—\SHOAL SEAM, dark grey, very weak (R1), from 7.5 m to 7.55
1 0
87
B 0
IRre 88 | 83 R1-4
0
4 0 ——
1 INJO9) - CUSMI - - A0 2\ 00825 e biametral PLT Test:
B qu:44.9Mpa, Type 7
i 1 Failure
g —
o ——71 SILTSTONE/SHALE interbedding below 9m
7 I laminated, grey - very dark grey, fine grained, fresh, very
E I weak to moderately strong (R1-R3)
B . L
B - IN | 60 C |sMm A0|3|1[3]25
IR7T|) 97 | 53 | 3 |R3 | SH | 44 PL|SM Ao[15]1]3 |20
SH | 40 C |sMm A0|3|1|3]25
7 r FR | 75 PL| R A0|3|1|3]25
B 5 + FR | 80 PL |SM A3|1]2|3]25
1 T ‘( SH|8| - |PL| P |Gr|T1|A1]1]3]3]25
10— ——+ ? BD (85| - |PL| R |Ca|T1|A1[3(4|3|25
i 3 —1 (\Q/ BD [83| - |PL|R|Gr|T1|A1|3|3]3]|25




DRAFT C:\USERS\OSHATIS\DESKTOP\BRE\GINT\6044413 BRE TUNNEL FS_UNDERGROUND GEOTECH-DRAFT LOG-01.GPJ URSSEA3.GLB BRE TINNEL FS.GDT 10/27/16

Project: Teck BRE Tunnel Rehab. FS - U/G Geotech
Project Location: Sparwood, BC

Project Number: 60444413

Log of BH-2016BR6020

Sheet 3 of 5

ROCK CORE Discountinuity Description
f £ x 2
o ° ® 1) 8 2| o
S0 ol |2 33| . 81 E|,|2|E REMARKS
© [e} S |e e > 5|5
Se g8 (32| §| =] g|fle MATERIAL DESCRIPTION ol|ld| % 5|3 &% 2| _|slc/s| ANDOTHER
Q0 00 2 - 518le 2l S |gl2|(E8 25558
e cle|lglal 2|2 HEFERELEE 3 TESTS
we o S| 8| ol 8|28 Pl 95§ 585
Y| o« o I A @ H £ &
| BD 85| - |PL|SM A0|2|-|3]|20
BD | 72 PL|SM|Ca|T1|A1|3|4[3]|25
R7 ]} 97 | 83 | , |R3| I BD | 71| - |PL|sMm| - | -|A0|2|-|3]20
1 UN | 42| - |PL|SM|Ca|T1|A1[15/3|4 |25
UN | 52| - |PL|SM|Ca|T1|A1[15/3|4 |25
] 3 BD | 85| - |PL|[SM|Ca|T1|/A4[15 3|4 |20
BD | 80| - |PL[SM|Ca|T1|A1|2[3|4 20| _ ) )
b BD | 78| - |PL|SM|Ca|T1|A1|2 3|4 |20 Fﬁ",‘,js’;x'a' F;LTeTgsrzté”ure
] BD |67 | - |PL|SM|Ca|T1|A1|2 |3 |4]|20]94NP VP
6 BD |81 | - |PL[SM| - |- |A0|2]|-|4]|20
11—+ m—— BD [84| - |PL|R A2 |- 4|20
B 3
R8 94 | 55 R1-3 | ]
] 1 — UN | 72| - |PL[SM| - | - |A0|2]|-|4]30
| 0
| =1 M |66 - |PL|R AO|15| - | 4|30
| ) =
12 = - -
0 SILTSTONE - interbedded with SANDSTONE
7 grey - dark grey, fine grained, laminated
g |+ fresh (I), moderately strong (R3) BD [78| - |PL|R| - |-|A0[15]-]3]|25
| ) —
- BD | 60| - |PL|[SM|Cm|T1/A0|1[1|3]|25
B 1
Iro || 104 | 101 R3| |
— . BD | 68| - |PL|[SM|Cm|T1/A0|1|1|3]|25
13- =
4 0 —
) 1 1
1 | M |55 - |PLIR Ao[15| - |3 |25
B 1 UN | 70| - |PL|SM|Gr|T1/A0|2|1|3]|25
| BD | 70| - |PL|R|Gr|T3|A3| 110|325
1 1
b N |56| - | C|SM| - |- |A0|2]|-|4]|25
14—
B 2
BD |57 | - |PL|[SM|Ca|T1/A0|2|1|4|30
1 -] UN | 62| - |PL[SM| - |- |A0|1]-|4]|25
R10]]| 100 | 83 R3| I £
1 2 —T SH|61| - |PL{SM| - | -|A0|1]|-|4]|25
- UN 45| - |PL[SM| - | - |AO|1]|-|4]|25
| 2 BD | 75| - |PL|SM|Gr|T1/A0|2|1|4|25
| . —1
15 fo i -
; SANDSTONE - silty
7 ® 1 grey - dark grey, fine grained BD [80| - [PL|{SM| - |- |A0|2|-|2]|20
E ¢ fresh (I), moderately strong (R3)
.
| .
R11ll 98 | 98 | ' |Rr3| 1 |e | BD | 85| - |PL|[SM|Gr|T1/A1[15/1|2|20
.
_ o
B 0 * ¢
] i Py
.

0\ =\
v

AZCOM
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ROCK CORE Discountinuity Description
c . £ 5 2
20 o ® SRR gl 2| |22 REMARKS
PO <4 ; 5 o = o |, | ® 2|55
%% 22 = qf, 2| 8|c|2|B MATERIAL DESCRIPTION o|8| |5 3 5\%2|,  gc 5 ANDOTHER
o ) - = R e o - =8| o |P>>0
we 0| 5|8|5]| 8|8]5|2 S|Z 2§88 g8 S| TESTS
| le| x| |lalz]|5 a § zl &
4 e ¢
1 .
7 o ( BD | 61 PL|SM|Ca|T1|A1(15/1|2]|20
16— < -
0 L]
R11YL 98 | 98 R3| 1 |e {
| .+
. e ¢
0 .
| . -
o
il 0 ° !
° BD | 71 - |PL|SM|Ca|T1|A1[15/1|2]|20
| . d
. . L
1 .
| . ¢
17— *
.
| 0 . f
| .
R12]]| 103 | 88 R3| I |e
B 1 . FR| - | - [ I |VR| - |-|A4|3|-]2|30
| .4
— . —
.
| 0 .
- L
.
| ) b
| .\ UN|10| - |C|R|-|-|A0|2]-|2]25
.
18 ] —1 SILTSTONE
7 grey, fine grained
g fresh (I), moderately strong (R3) INJ AL - [PLERCHTIATIG 3325
4 FR | 74
1
. FALseamfrom18.36mto18.48m. wleol - Toclsul - 1-laol2l l5las
B [~ shaley becoming SHALE below, dark grey, moderately tovery | sy l40| - | ¢ |k |er|T1|A1]151]3 /25
B 2 + weak rock (R1-R3)
Rrisf|l 74 | 40 R14 1 =
2 JN|42| - |[C|R|Gr|T1|A1|2|1]3|30
1 UN | 65| - |PL|SM|CI|T1|A1]2]2|3]|25
19— o FR | 50
i 3 —
| £=2 ‘COAL infill
1 NR
7 = FR | 80
| R E COAL seam from 19.50 to 19.63 m
— BD | 80 PL| R |[Gr|T3|A3|3|4|3|30
1 SH | 35 PL|SM| - | - |A0|2]|-[3]20
4 JN | 75 PL|SM| - | - |[AO|2]|-|3]|20
] 3 UN | 30 PL| R |ClI|T1|A1|15/2|3]|25
20—
| 0
N FR | 43 - |PL| R |CI|T1|A1[15/4|3|30
Ri14]]1 100 | 54 R1-31 UN 40| - |PL|SM|CI|T1|A1[15/4|3|25
3 -] UN 56| - |PL|[SM|Ca|T1|A1|2|3|3]|20
b — UJN | 18| - |PL| R |CI|T1|A1|15/3|3|25
— ’.* SANDSTONE BD | 74 I | R|ClI|T1|A1|15[3|3|25
7 2 ® 1 grey, fine grained
4 : + fresh (I), moderately strong rock (R3) BD|62| - |PL|R|cCI|T1|A1[15/3]|3]|20
) 2 e ¢ FR|-| - |1|R
- ®
L]
21 END OF BOREHOLE AT 21.0 m ABOVE TUNNEL ROOF
1 [ IN SANDSTONE.
E + Notes:
i | 1. Borehole termination amo TONE
2. Seepage observe er completion
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ROCK CORE Discountinuity Description
g 2 'g ) § o o
S0 ol |2 S 3|2 8 E|, |5 REMARKS
2 ° o o S|
28 Zo| 2|5 =|3|Zl2B MATERIAL DESCRIPTION olgl |53 5|%€|_|4lc|s| AND OTHER
20 oo |<C| 3| 5| 58|22 2|58 |8|%=|8 878 TESTS
we o |58 8| §|el5|8 S22 |8 8E 58 >
||| c|a|z|3 a § e
7 [ 3. Borehole closed with cap and valve with tubing and
B I~ presure gauge.
i | 4. Pressure gauge monitoring:
- September 09, 2016 - 150 kPa.
7 r - September 10, 2016 - 150 kPa.
B L - September 11, 2016 - 125 kPa.
| | - September 12, 2016 - 125 kPa.
- September 16, 2016 - 185 kPa.
22— —
23— —
24— -
25— —
26— —
27 e\
\C e
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Project Number: 60444413
Date(s) 08/17/2016 Eo39°¢ KenY. & Nicholas B. gpecked Marty McCabe
Drilling . - Drill Bit Total Depth
Method Rotary Diamond Drilling Size/Type HQ3 - 61 mm Drilled (meters) 33.5
Drill Rig Drilling Approximate
Type Boart LM 55 Contractor Boart Longyear Surface Elevation
Groundwater Borehole Inclination from :
Level Backfill MPBX Horizontal/Bearing Vertical
Location EVO - Chainage ~264.2 m, 4.06 m to Tunnel Floor from Collar, Top Roller No. 127 Hammer Data N/A
ROCK CORE Discountinuity Description
g o 'g 3 § o o
S0 ol |2 S8z 21 E] |E|E REMARKS
= ° o o
%% 22 = qf, 2| 8|83 MATERIAL DESCRIPTION o 8|5 8|3 2|5 2| |slc|5| ANDOTHER
o ) - = =4 N ) o - =8| o |P>>0
LE oe|S5|8|5| 8|5/5]2 SEREIEIELE 3| TESTS
0 (v I A I A J a g zl &
7 NI [ \gs—:;o-l;ﬁSEI:ned FR | 60 I | VR TO|A5|4[0]2]30
| i SIL)‘II'YSTOI\EIJE FR| - I | VR TO|A5| 4 |0|230
R 96 | 20 = light grey to dark grey, very fine to fine grained, laminated N0 PLvR T0|A31310/ 2125
i 4 [—] fresh (I), moderately strong (R3)
- fractured to 0.28m FR|40| - | 1 |VR| - |To|aa|a|0]|3]30
; F— IN | 75 PL|SM| Gr|T2|A2|2|0|3|25
| | UN | 75 PL|SM|Gr|T2|A3|2|0|3]|25
— F UN | 75 PL|SM|Gr|T2|A2|2|0|3]|25
| 5 | N |5 PL| R | - |TO|A1|15/0(3]|25
SH | 75 PL| K |Gr|T2|A3|2|0 3|10
1 — SH [89| - |PL| K |Gr|T2|A3/15/1[3]10
i NI L SHALE SH |85| - I [ R| - |TO|A4|3|1|3|30
| | dark grey to black, interbedded with COAL FR I |SM| Gr|T5/A5|3|1]330
R2 ) 78 | 35 R1-3 | fresh (1), weak (R1)
- N - 35cm rebar inclusion BD | 87 PL|SM| Gr|T5|A5|1|1|3|25
i ® | SANDSTONE - silty with laminated medium interbedded
B ® " SILTSTONE
E 2 ® % light grey to dark grey, very fine to fine grained BD | 35 PL|SM) Gr | T3| A3| 2|13 |20
i ® { fresh (I), moderately strong rock (R3)
L]
- *
NR o
| oL
2 * =
B 1 : b light grey calcerous/limey SANDSTONE below 2.05 m IN |15 PL| R |Ca|T1/A0 151230
| .t VN | 15 PL|SM|cCa|T1|A0|-|-|2]30
. LA
0 .
| .t
—R3 1] 104 | 82 Ra| I |®
i 0 ° v
L]
| .4
L]
) 0 . Field Diametral PLT Test:
B P 5 qu:121.3Mpa, Type 8
3 . Failure
SHALE - silty BD | 68 PL|SM|Cm|T1|A0|1|1|2]|25
7 1 [ dark grey, fine grained
E + fresh (I), moderately strong (R3)
| R4 98 | 98 R3| | |
1
1 " BD | 72 PL|SM|Cm|T1|A0|1|1|2]|25
] SANDSTONE - silty BD | 75 PL|SM|Cm|T1|A0| 1 |1|2|25
7 I grey, fine grained
B Ffresh (1), moderately strong rock (R3)
B | SHALE
] NI | dark grey, fine grained
fresh (I), very weak (R1) to moderately weak (R3) BD | 70 PL| R [Ca|T1|A1]|1]1]|2|25
4—R5 90 | 40 R3| | — SH | 75 PL|SM| - |TO|AO|1]1]2]|25
i 2 L
1 1 - ?" UN | 10 PL| R |Ca|T1|A1[15/1|2]|25
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ROCK CORE Discountinuity Description
c 3 8
o 2 S | |8 ol 8| |2lo
S0 -0 N S (8|2 85|, 5|5 REMARKS
= ° o o
5s &o| 2| 5| =| 2|53 MATERIAL DESCRIPTION o5 5|5 5 822, /< 5| ANDOTHER
Q@ [ 3 | 51822 2(s| 9|8 =g 27 P8 TEST
Wwe OE|5(8| 6| &|&g|5| Flga g3 E 5 N STS
| le| x| |lalz]|5 a § zl &
BD | 75| - |PL|SM|Ca|T1|A1|1|1]2]25
1 3 BD SM| - [To|A0|1|1]2|25
J N[ %] - [Plsm|calT1|Aa1]1[1]2]25
R5 90 | 40 R3| |
1
5 1
J
| NI
1 BD 50| - |PL|R|Gr|T2|A2|15/2|2|20
| ! —| SILTSTONE - sandy
—- grey to dark grey, fine grained
N —- fresh (I), moderately strong (R3) to strong (R4)
J 0 4
b —+ BD 65| - |PL|SM|Cm|TO|A1|1|2]2|20
rRe |l 93 | 72 R34 | |7—] "
1 ]
6— - Field Axial PLT Test:
i 0 —1 qu:71.7Mpa, Type 6
-] Failure
| " =
° SANDSTONE - silty
® 1 dark grey to grey, fine grained
E 0 ¢ & fresh (I), moderately strong rock (R3)
| :, BD |48 | - |PL|SM|Ca|TO|A1|1[3|3]|20
] . L UN|25| - |PL| R |Cm|T1|A1[151]3|25
2 .
° UN 36| - |PL|SM|Cm|T1|A1|1|1]3]|25
7 ’ =
il 1 ¢
° UN| 8| - |PL|R| - |TO|A0|152|3]|25
| . -
|R7]] 103 R3| Iy ¢ UN 10| - | C [SM|Cm|TO|A1[1.5/3|3 |20
2 .
b L BD|55| - | C|SM| - |TO|A0|3|2|3]|25
— L S
L
b 2 .l UN | 42| - |PL|SM|Gr|T2|A2|1|2]3|30
| . UN|35| - |PL| R|Gr|T2|A2|15/2|3|30
. UN|68| - | 1 |R|Gr|T2|A2|3|2]3]30
| ) .
| .
L I
8 L]
B 0 .
| . {
. . L
1 . BD|75| - |PL| R |Gr|T1|A1[151]3|25
1 :7 BD [73| - |PL|R| - [To|A0|152|3 |30
B o BD|75| - |PL| R | - |To|A0|1.5/2|3|30
| 2 . BD | 75| - |PL|[SM| - |TO|AO|1[1|3]|25
L]
b r UN| 5| - |PL|SM| - |To|A0|1|1]3]|25
|R8 ] 100| 69 R3| 1 e BD 78| - |PL|SM To[AO|1[1|3|25
2 L]
b T BD|75| - |PL|SM|Ca|TO|A1|1|3|3]|25
9 o
L]
| 2 . - UN|78| - | U|R|Cm|T1|A1]2]1|3]25
] . { BD 80| - |PL|SM| - |TO|A0|1|2|3|30
L]
| ) .t
- ®
L]
0 ® 1 strong (R4) below 9.5m
| .t
. . L
L]
TROI) 103|103 | o |R4| 1 |® ¢
4 LN X
L]
107 o (
i 0 . (\Q /
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ROCK CORE Discountinuity Description
g o 'g 3 2 o o
Q
-gg =0 S : g éE . %%,.»%-E REMARKS
= c o
°s 8912 5|=|3|5|2l3 MATERIAL DESCRIPTION o|d |55 E2/&| | |s| ANDOTHER
Q@ [ 3 | 51822 2(s| 9|8 =g 27 P8 TEST
Wwe OE|5(8| 6| &|&g|5| Flea 88 5 e N STS
X | x| & |®a|z|3 @ H £ &
L]
| o
| . d
. 0 . .
L]
_ . =
JROIJ 103103 | 5 |R4| 1 |e ¢
.
| s
| .| BD | 61| - |PL|R|Qz|T1|A1[15/1|3|25
1 L]
| oF
11 . —
i 0 LA
L]
| . L
4 LN
1 o BD |52| - | C|R|Qz|T1|A1]3]1]|3]25
| oL
_ . L
il 1 * v
. BD [54| - |PL|{SM| - |TO|AO|1[1]|3|25
| . -
R10]]| 100 | 85 R4l 1|,
0 .
| .
12— s = UN| 8| - |PL|R|ca|T1|A1]151]3]25
L]
| 1 o
| . d
. b L
1 .
| . - UN | 62| - |PL|R|Qz|T1|A1[15/1|3|25
,.7
] —1 SILTSTONE
] grey, fine grained SH |87 | - |PL| P | - |TO|A3(05/1|6|25
R fresh (1), strong (R4) FR | 85 PL| R |Gr|T1/A4[15/1|6|10
B SHALE
1 N dark grey, fine grained UN|25| - |PL|SM| - |To|A1|1|1]6]25
fresh (I), very weak (R1)
134
1 1 UN | 85 ST|sM| - |To|A1[2|1]6|25
B SILTSTONE IN | 25 PL [SM TO|A1|1]1]6|25
R11 87 | M R14 | grey to dark grey, fine grained IN | 50 PL| R TO|A2|1.5/1 630
7 7 fresh (I), moderately strong (R3) IN | 50 PL| R TO|A2|1.5/ 1|6 |30
— N | 50 PL| R TO|A2(1.5/1|6 |30
B —1 N | 50 PL| R To|A2(1.5/1|6 |30
— N | 50 PL| R TO|A2(1.5/1|6 |30
b 4 COAL BD | 86 PL |SM TO|A1| 11630
1 black, very fine SH | 50 PL|SM| - |To|a1|1|1]6|25
slightly to moderately weathered (lI-1ll), very weak (R1) SH | 45 PL |SM TO|A1|1]116/25
b NR increased joint density below
14 SH|60| - |PL|sM|Gr|T1[A2|1|1]3|25
| 10 B SH[60| - |PL|SM|Gr|T1|A2|1|1|3]|25
= CO|90| - |PL|SM|Gr|T3|A3|1|1|3|25
1 SILTSTONE - shaley ) FR|70| - | 1 |R|Gr|T3/A3]3[1]3]25
| dark grey, fine grained, laminated
16 fresh (1), moderately strong (R3)
1 SH[60| - | C|K| - |To|A3|2|1|3]|25
_ FR | 80 IR To|A2|3[1|3]30
B 2 Field Diametral PLT Test:
_ UN|70| - |PL| R|Gr|T2|A2|15/1]3]|25 g:;l‘:‘:ém"a* Type 1
R12]]| 100 R2-3 |
1 1 FR |86 | - |PL|[SM|Gr|T2|A3|1|1|3|25
15— UN 25| - |PL|SM| - |To|At|1]1]|3]|25
B 1
1 UN | 70| - |ST|SM| - |TO|A1[15/1|3 |25
] 3 UIN|70| - |PL|R| - |TO|A1[15[1]3]25
Rl 68 | 53 | T Riq 1 ? (
b F— (\Q / UN | 15 PL| R TO|A1[1.5/1]3]25
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Project: Teck BRE Tunnel Rehab. FS - U/G Geotech
Project Location: Sparwood, BC

Log of BH-2016BR6021

; . Sheet 6 of 7
Project Number: 60444413
ROCK CORE Discountinuity Description
g o 'g 3 2 o o
Q
S0 ol |3 8|2 81 E| |£|5 REMARKS
(] (o) 1S4 ° | e ) A
°s 8912 5|=|3|5|2l3 MATERIAL DESCRIPTION o |5 |5 5/ 8EE, | 5| ANDOTHER
w -] 3 2 |22]e AEAB-RE =8| 22258 TEST
Wwe OE|5(8| 6| &|&g|5| Flga g3 E 5 N STS
(v I A 7 als =13
27 D [=iKe)
B NR
R20|)l 59 | O RO| I
NR
B NI
B NI coarse from 27.75 m to 28.62 m
28—
| NI
Rl 75| 0 RO| I
NI
B NR
1 NR
29
B NI
1 NI
B NI
Rre2|]l 60 | © RO| I
NI
il UN | 43 PL|SM| - |TO|A1|1]1[3]|25
30— UN | 43 PL|SM| Gr |T2|A2|1|1[3]|30
1 NR IN | 76 PL| R | Gr|T2|A2|15/1|3]|25
1 UN | 78 PL| R | Gr|T2|A2|15/1 3|30
| UN | 77 PL| R | Gr|T2|A1|15/1[3]|25
NR IN | 52 PL|SM|Gr|T1|A1]|1]1|3|25
| FR | 85 - ol - - |--] -
FR | 83 To| -
B NI
1 SH | 20 PL|SM| Gr |T2|A1|15/1 3|25
— N UN | 75 PL| R | Gr|T1|A1[15/1[3]|25
31—
4 4 X .
Field Axial PLT Test:
B qu:4Mpa, Type 2 Failure
R23|) 96 | O RO-1 |
4
B 3
1 2
32 . N
NR becoming grey/black, very fine, increased fractures fresh
i below 32 m FR | 90 PL [sM A1 111220
R FR | 88 PL|SM A1]1|1[12|20
| IN | 40 PL|SM A1]1|1[12|20
R24|l 85 | 32 | 5 R33 1 N | 75 PL | SM A1] 111220
b 1 UN | 75 PL|SM A1]1|1[12|20
_ \?_ FR| - PL|SM| - | - |AT|1]1]-|20
-si SH | 70 PL| K | Gr|T2|A3 151 [12|10
| . SHALE - silty (\QV r

\ Pl

— AZCOM
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Project: Teck BRE Tunnel Rehab. FS - U/G Geotech
Project Location: Sparwood, BC

Log of BH-2016BR6021
Sheet 7 of 7

Project Number: 60444413
ROCK CORE Discountinuity Description
c . £ 5 4
20 ol |2 852 gl E| |22 REMARKS
= ° o LR
%% 22 = qf, 2| 8|83 MATERIAL DESCRIPTION o|8| |5 3 5\%2|,  gc 5 ANDOTHER
@ [ | 31328 IS k] =lglePPP|8
we SE| 5| §|8| 25|52 FlelE g gEg e T
X | x| & |®a|z|3 alz £ &
J = light grey to dark grey, fine grained, laminated zg ;g '2- sfm gi g 22 11'5 1 E ;g
| | fresh (I), moderately strong (R3) sh | 70 Pl K | or|T1| A2 )18 1 12 10| _ ‘
° FR | 88 PLIVR| - |To| A0|15| 1|12[a0| Fieid el PLT Test
1 " FR | 88 PL|VR | Gr |T1|A0[15| 1 [12] 30| Bi"8 2P T¥PE
33— — SH | 70 C | K |Gr|T3|A3|2|1|12/10
R24]) 85 | 32 | 4o R32 I | SH | 60 c|K|Gr|T1|A3|2]|1]12|10
SH | 30 C| K |Gr|T1|A3|21|12/10
B + FR | 30 1| K|Gr|T1|A2|2|1|12]10
| | FR | 25 PL|VR| - | - [A1]15)1]1230
3  —! Cco | 70 PL| - R
1 COAL seam, grey/black FR 88 PLI R AT 2 | 111225
ightly to moderately weathered (1I-11l), very weak to weak SH 20 EL A1L151 12110
B L (RO-R2)
i | END OF BOREHOLE AT 33.5 m ABOVE TUNNEL ROOF
IN SHALE.
7 I Notes:
i L 1. Borehole termination at 33.5 m in SHALE.
34 | 2. Seepage observed from borehole after completion.
3. Borehole instrumented with multi point bore hole
B r extensometere (MPBX), MPBX anchor set at approximately
J L 20m (Anchor 1), 12m (Anchor 2), 8m (Anchor 3) and 4m
(Anchor 4) above tunnel roof.
7 [ 4. Anchor 4 not confirmed inplaced after install.
4 5. MPBX monitoring:
| - September 10 (10.1°C)
Anchor 1: 2451.6; Anchor 2: 2118.1;
b r Anchor 3: 2511.7 & Anchor 4: 2632.9.
1 - September 20 (9.8°C)
b Anchor 1: 2451.5; Anchor 2: 2117.9;
E F Anchor 3: 2511.2 & Anchor 4: 2631.4.
35| |_6. Measured water flow upon drilling completion:
- August 21, 2016: ~0.002 litres/second.
1 r - September 21, 2016: ~0.002 litres/second.
36— —
37 —
B * B!
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Project: Teck BRE Tunnel Rehab. FS - U/G Geotech

Project Location: Sparwood, BC

Log of BH-2016BR6022

. Sheet 1 of 5
Project Number: 60444413
Bﬁﬁi(g) 08/21/2016 Ié?/gged Dave F. & Nicholas B. gce‘:ked Marty McCabe
Drilling . - Drill Bit Total Depth
Method Rotary Diamond Drilling Size/Type HQ3 - 61 mm Drilled (meters) 21.6
Drill Rig Drilling Approximate
Type Boart LM 55 Contractor Boart Longyear Surface Elevation
Groundwater Borehole Collar Cap & Valve with Pressure Inclination from Vertical
Level Backfill Gauge Horizontal/Bearing
Location EVO - Chainage ~336.35 m, 4.09 m to Tunnel Floor from Collar, Top Roller No. 177 Hammer Data N/A
ROCK CORE Discountinuity Description
g o 'g 3 § o o
S0 ol |2 S8z 21 E] |E|E REMARKS
1 ° ° 2 o]
°s £s12 15| x| 32|25 MATERIAL DESCRIPTION o |5 4|5 5/ 8E&, | 5| ANDOTHER
- = s|lo| L o - =2 -
we SE|S|§| 9| 2|5]5|2 Sl2|8 |8 g g5 TESTS
¥ || x| £ |3[2]|5 ZIE°|2)e
0 — @D =10
FE— \SHOTCRETE FR | 40 I |VR - |A1]4]2]2(30
7 N 1 \grey, fine grained FR| - I |VR A1]3|2]|2] -
B F— SILTSTONE SH | 30 PL| K A2|2|2|2|25
1R1 75 | 17 Ra| 1 |—1 light grey to dark grey, very fine to medium grained, FR | 70 C|R A4|3|2]2|25
7 - laminated SH | 40 PL| R A1[15/2]2|25
1 |—- slightly weathered (ll), strong (R4) IN | 85 PL |SM -|A3|2]2|2|25
! |— - interbedded with SANDSTONE, bedding offset along fracture, | FR | 20 C|WR A3|212|2|25
8 |—1 calcite stringers JN | 85 PL| R A3|2(2]2|25
UN | 30 PL|SM A1]1|2|2|25
b UN | 30 PL|SM A1]152|6 |25
| IN | 30 PL|SM| - | - |A1|15/2 6|25
3 SH | 50 PL|SM| Gr |T2|A1[15/1 6|25
1 UN | 30 PL|SM| - |T1|A1[15/2 6|25
1 UN | 70 PL| R |Gr|-|A1[15/1|6|25
| ] SH | 30 PL| K| - A2|2|2|6|25
| = IN | 40 PL| R A1]2|2|6|25
|R2 93 | 45| 2 R34 IN | 80 PL|SM| - | - |A2|15/2|6]|25
| 1 SH | 85 PL| K | Gr|T1|A2|15/1|6|25
| 7 | SHALE
dark grey, very fine grained FR | 70 PLIR| - | -]A0|2)1)6)25
1 r fresh (1), moderately strong (R3) UN | 85 PLIR| - |-|A1150|6|25
i . | local SANDSTONE interbed, laminated with pyrite ER | 85 PL |sMm al2l1]6] -
1 r FR | 75 C |sm A1]2|0|6|25
27 L
0 SILTSTONE - sandy Field Axial PLT Test:
1 I—1 grey to dark grey, coarse siltstone to very fine sand, thinly g:;llffMpa* Type 2
B laminated
] 0 fresh (1), moderately strong (R3)
Ira]|100| 83 | | R
SH | 76 C [sMm|Gr|T1|A1[15/0|3 |25
) [ N | 2 PLIR| - A0|1]0[3]|25
| s =
| M | 85 4| -
3
4 2 UN | 35 PL| R -|Ao|2|2|4]|25
| UN | 10 PL| R - |Aof15|2 4|25
BD | 85 PL| R |Gr|T1|A1[15/1|4]|25
R4 ] 100 | 100 3[R
— FR | 85 PL| R - o152 4|25
4 ] - UN | 10 PL| R -|A1)15)2 (4|25
| o | SANDSTONE-sitty . N | 85 PL| R - |At1]15/2[4|25
® 1" light grey, coarse silt / fine sandtone grains 1o ol R arl18l2 a5
E ® * fresh to slightly weathered (I-1l), moderately strong rock (R3) ) ’
i 3 * 1 local MUDSTONE interbeds and carbonaceous partings IN | 85 PL| R - |A1]15/1)4 )25
. FR| - [ R - |15/2]4 |25
4+ r5 |l 100 21 R3| 11 : | IN | 10 PL| R -|A1[15)2 (4|25
i 0 L
.
| . d
.
L g
7 .
' SEes

AZCOM
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Project: Teck BRE Tunnel Rehab. FS - U/G Geotech
Project Location: Sparwood, BC

Log of BH-2016BR6022

. Sheet 2 of 5
Project Number: 60444413
ROCK CORE Discountinuity Description
g o 'g 3 2 o o
Q
20 ol |2 8 3|2 g2 |£\2 REMARKS
[0 o 4 ° | o El Sl w
°s &8\ 2 | 5| =|%|:|2l5 MATERIAL DESCRIPTION ol |5 5| &|%|€ | |ec5| ANDOTHER
20 @ SRR HEE 2|55 8%z 885553 TEST
we 0| 518|388 |z|5|8 Pl = E§E 5|s > STS
X | x| & |®a|z|3 alz £ &
L]
4 1 .
| . FR | 10 PL| R A2(15/0(4 |25
. M |85 PL| R A2(15/0(4 |25
4R5 |]/ 100 | 21 o |R3|HIe
4 L]
.
5+ . Field Axial PLT Test:
3 . FR | 80 I | VR TO[AO| 4|06 |30|qu:48.4Mpa, Type 6
i . Failure
| * IN | 10 PL| R TO| A1[1.5/2 |6 |30
2 .
. .
.
B . IN | 10 PL| R TO| A1[1.5/2 |6 |30
B 4 . M |85 IR TO| - |- |- -
.
. SH | 30 PL| K |Gr|T1[A2[15/0|6 |10
b . M |85 IR -{TO| - [-|-|-]-
|Re || 100 80 | T Rianil, FR | 30 PL|VR| Gr|T1|A1[15/0|6|25| )
SHALE - silty SH | 80 c| K |cr|T1|A3]15/0|610 F“f_'gofth':' F"-TTTezt
6— I—grey, very fine grained, thinly bedded SH | 80 PL| K | Gr|T1|A2|15]0 |6 10| goi 2 P YRS
1 18 slightly weathered (Il), weak (R2) SH | 40 I |sm|ar|T1|A3[15/0 6|10
B FR | - IR -{TO| - [-|-|-]-
IN | 80 PL |SM TO| A1[1.5/0 |6 |25
1
i SH | 60 PL|SM| Gr [T1|A1[15/0|6 |25
15
r SH | 50 C| K |Gr|T1|A2[15/0|6|10
moderately strong (R3) below 6.6 m R |- Ul R _' ol - |- |o]o] -
FR | 75 I | VR TO|A2|3|0|6|25
NR
E COAL seam, dark grey to black, very weak (R1) from 6.84 m
to7.20 m Field Axial PLT Test:
7— qu:15.2Mpa, Type 2
i 2 Failure
Trr|l 76 | 28 | 3 Ria
B 3
1 3
87
2
interbedding with laminated SANDSTONE, medium bed BD | 75 PL| R |Gr|T2|A2|15/0|3 |25
7 spacing, loacalized thin coal beds from 8.1m to 8.67m W | 70 oL lsmlcaltel - |- lol-|-
7 0 BD | 70 PL| R |Gr|T2|A3(15/0(3 |25
4 IN |12 PL| R | - [TO[A1[150(3 |25
1 1 co| 8o PL| - o - |-|-|-]|-
) ) FR | 85 I | VR To|A1|4|0| |30
7 SHALE becoming dark grey, massive and moderately strong
g (R3) below 8.1m
R8 || 81 | 53 | 0 R34 1
9— Joint TAFR 87 PL| R | Gr|T1|A1[15/0|3|25
B 6 IN | 20 U|R To|A1]2 |03 |25
| co | 80 I To| -
7 NR COAL ]
i black, very fine
i fresh (I), moderately weak (R1)
highly fractured
NI
Rl 9 | 0 [NR Ro1
B!
1 NR Ak —
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Project: Teck BRE Tunnel Rehab. FS - U/G Geotech
Project Location: Sparwood, BC
Project Number:

60444413

Log of BH-2016BR6022

Sheet 3 of 5

ROCK CORE

Elevation,
meters
Depth,
meters
Run No.
Recovery, %

RQD, %

Fractures/0.25m

Strength Index

MATERIAL DESCRIPTION

Weathering Index
Lithology

Discountinuity Description

Type

Alpha, °

Beta, °

Surface Shape

REMARKS
AND OTHER
TESTS

ISurface Roughness
Infill Type

Thickness Rating
Openess Rating

Jr

Ja

Jn

Jcon

NR

NR

NR

RO-1

NI

NR

NR

NR

NR

R2

13—

R11[l 29

14—

NI

NR

NR

NR

NR

R0-2

coal fragments becoming finer, slickenslides observed on
recovered coal fragments below 12.6 m

rR12[} 27

NR

NR

NR

NR

NR

R0-2

R13]}| 20

R1
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Project: Teck BRE Tunnel Rehab. FS - U/G Geotech
Project Location: Sparwood, BC
Project Number:

60444413

Log of BH-2016BR6022

Sheet 4 of 5

ROCK CORE

Elevation,
meters
Run No.

Recovery, %
RQD, %
Fractures/0.25m

Strength Index

Weathering Index

Lithology

MATERIAL DESCRIPTION

Discountinuity Description

Type

Alpha, °

Beta, °

REMARKS
AND OTHER
TESTS

Surface Shape
ISurface Roughness
Infill Type
Thickness Rating
Openess Rating
Jr
Ja
Jn
Jcon

R13

z

NI

NR

21| 0

NR

NR

R1

18—

NI

NI

50| 0 | \R

NR

NR

R1

NI

NI

48| 0 | N

NI

NR

R1

NI

NI

81| 0

NI

NI

NR

R1

slickenslides observed on recovered coal fragments from
17.1mto21.6 m

FR
SH

FR
SH

87
20

PL| K| - |TO|A1|1|0|3|10

PL| K |Gr|{T1|A1{1]0|3|10
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Project: Teck BRE Tunnel Rehab. FS - U/G Geotech
Project Location: Sparwood, BC

Log of BH-2016BR6022

. Sheet 5 of 5
Project Number: 60444413
ROCK CORE Discountinuity Description
g o 'g 3 § o o
S0 ol |2 8 (8|2 81 E| |5 REMARKS
2 ° o o ©
%% *%% 2 § =| 8|<|E8 MATERIAL DESCRIPTION 0|8 5|8 32 % % clelc|§| ANDOTHER
— Y 5 ° 19 ° = a DD 0
we SE| 5| §|8| 25|52 FlelE g gEg e T
X | x| & |®a|z|3 alz £ &
-R16{}| 81 | O R1| 1
END OF BOREHOLE AT 21.6 m ABOVE TUNNEL ROOF
1 [ IN COAL.
J + Notes:
i | 1. Borehole termination at 21.6 m in COAL.
2. Seepage observed from borehole after completion.
22— —3. Borehole closed with cap and valve with tubing presure
| L gauge.
4. Pressure gauge monitoring:
] [ - September 09, 2016 - <10 kPa.
B o - September 10, 2016 - <10 kPa.
i L - September 11, 2016 - <10 kPa.
- September 12, 2016 - <10 kPa.
7 - September 16, 2016 - 85 kPa.
23— —
24— =
25— —
26— —
27 ar P~
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Project: Teck BRE Tunnel Rehab. FS - U/G Geotech

Project Location: Sparwood, BC

Log of BH-2016BR6023

. Sheet 1 of 5
Project Number: 60444413
Date(s) 08/24/2016 Eo39%d AlexH.&SamO. gpecked Marty McCabe
Drilling . - Drill Bit Total Depth
Method Rotary Diamond Drilling Size/Type HQ3 - 61 mm Drilled (meters) 21.6
Drill Rig Drilling Approximate
Type Boart LM 55 Contractor Boart Longyear Surface Elevation
Groundwater Borehole Inclination from :
Level Backfill MPBX Horizontal/Bearing Vertical
Location EVO - Chainage ~398.0 m, 4.19 m to Tunnel Floor from Collar, Top Roller No. 240 Hammer Data N/A
ROCK CORE Discountinuity Description
c o 'g 3 2 ol o
20 ol |2 8|52 35| |52 REMARKS
1 ° ° 2 o]
%% *%% 2| 8| =| 3|z 23 MATERIAL DESCRIPTION 0|8 5|8 32 % % clelc|§| ANDOTHER
= - kS, = =3 ® = @ D550
meE BE|[S| 8|9 3|El5]2 Fl2 88|z g gi 5] TESTS
¥l le| x| |lalz|5 a § zl &
0 N -t - SHOTCRETE
1 ——7 'grey, medium grained
7 I SILTSTONE
g ——+ light grey to grey, very fine to fine grained, laminated
] NI =1 fresh (1), moderately strong (R3)
| FR | 85 PL|SM| - [TO[A1|2| [2]25
7 2 FR | 75 PL| P | - [TO[A2[15 |2]25
TRl 92 | 11 R3| |
) NI FR | 78 PL|SM| - |TO|A2|2 2|25
7 —] FR | 89 PL|SM| - |TO|A2|2 2|25
17 N SHALE - silty FR | 84 PL|SM| - |TO|A2|2]| |2|25
7 [ grey to dark grey, very fine to fine grained
B + fresh (I), moderately strong (R3) FR | 85 PL| P | - |TO|A2[15 |2|25
B i L
B 4 1 FR | 80 PL|SM| - |TO|A2|2 2|25
i | BD | 75 U |SM TO| A2 (1.5 2|25
R N I interbedding with COAL, very weak (R1) from 1.74 m to 1.83
m
2 | BD | 74 U|R To|A2|3| [2|25
B 1 1 SH | 80 | TO[A1|2 2|25
1r2]] 67 | 35 R34 1 = N | 30 LI R| - [molat|2] |2|2s
4
i NR L
B R |
3 ] NI jtrace platy grains, polished lusture on recovered core below
4R3 7 0 . |RH=
N - ~ 50° to core axis evidence of shear exposed along
_ | mechanical fracture at 3.55 m N | 57 pLl P | - |To|A2]150!3 |25
| | very thinly to thinly bedded below 3.6 m N | so oLl p Tolatl 110325
5 IN | 68 PL |SM TO|A1|1]0[3|25
) [ BD | 76 U|R TO|A2| 3 |03 |25|Field Axial PLT Test:
4| - IN | 69 PL |SM TO|A2| 1|0 |3 |25|qu:46.9Mpa, Type 2
R4 |1l 100 | 43 ¢ RAH IN | 61 PL|SM TO|A1|1|0|3|25|Failure
] [ i X IN | 72 PL| R | - |TO|A2|15/0]|3 |25
B | SILTSTONE/SHALE interbedding below 4.13 m FR | 73 pLIR| - [Tola1150]3]25
] | fracture along fossil plane at 4.15 m IN | 70 Ll P TolA1]1]0]3]25
2 thinly bedded below 4.3 m ’( FRI|T PLI R TO|A1) 11013125
) E={fracture along fossil plaag @i FR| 81 U R - |TOIA131013130

>

AZCOM
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Project: Teck BRE Tunnel Rehab. FS - U/G Geotech
Project Location: Sparwood, BC

Log of BH-2016BR6023

Sheet 2 of 5

Project Number: 60444413
ROCK CORE Discountinuity Description
g 3 'g ) § o o
S0 ol |2 S 3|2 8IE| 5|5 REMARKS
1 ° ° 2 o]
%% 22 = qf, 2| 8|c|2|B MATERIAL DESCRIPTION 0|8 5|8 32 % % clelc|§| ANDOTHER
Qo [0 - 5 |58 o ° =18 el
we 0| 5|8|5]| 8|8]5|2 SEIEEEH S| TESTS
¥l | x| c|a|lz|3 HE zl &
—- SILTSTONE
B 2 L " .
—1 grey, fine grained
E — slightly weathered (Il), moderately strong (R3) o |70 ol K ol atloslol 3|25
JR4]] 100 | 43 | | ReGHIZ—
5 ==
NI I
F— polished and COAL coated fragments of SILTSTONE
7 [ recovered at 5.1m
7 NI COAL
4 black, fine
B slightly to moderately weathered (lI-11), extremely weak (RO),
fragmented/breciated recovery
B NI
:Rs 10| O | NI |Ro|
67
B NI
1 NI
NI
1 NI
77
B NI
:RS 27 | O | NI |Ro|u-u
B NI
1 NI
87
NI
] fragmented and lustrous recovery below 8.1 m
1 NI
B NI
:R7 33| 0 | NI [RojIl
97
B NI
1 NI
NI
:R8 89| 0 | N Ro-ii
?’( Field Axial PLT Test:
_ qu:2.9Mpa, Type 2
10 i NI (\QP/ Failure
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Project Number: 60444413
ROCK CORE Discountinuity Description
g o 'g 3 § o o
S0 ol |2 S8z 21 E],|E|E REMARKS
Q ° o o ©
%% 22 S qf, 2| 8|c|2|B MATERIAL DESCRIPTION 0|8 5|8 32 % % clelc|§| ANDOTHER
- o Y 3 |28)s < ° = lelalRe]
me BE|[S| 8|9 3|El5]2 Fl2 88|z g5 i 5] TESTS
(v I A 7 als =13
@D =10
Field Axial PLT Test. |
7 qu:32.9Mpa, Type 6
B Failure
NI
1re |l 89| 0 | N Ro-di-m
1 NI
11—+
NI
1 NI
| NI
IRro 80 | O | NI Ro-fu-
12—
| NI
1 NI
NI
] coarse, angular below 12.6 m
1 NI
13—+
| NI
:R10 56 | 0 | NI [RO|HkI
| NI
1 NI
14—
NI
1 2
_ SHALE - silty
i 3 grey to dark grey, very fine to fine grained FR[75] - | I|R TO|A1]|3]0|9|25
fresh (1), moderately strong (R3), very thinly bedded 8D | 65 ulr 1ola1l3lol9l2s
JN | 30 ST| R TO|A2|3|0|9|25
Ri1ll 80| 47| 2 |rs| BD | 45 IR To|A1]3|0|9|25
q FR | 32 U|R TO|A2|3|0|9|25
15— BD 33| - | I |R To|A1[3|0|9|25
i 2 FR | 40 - |ST|R TO|A1[3|0|9|25
] SH | 60 | R TO|A2|3|0|9|25
1 2
] co|20| - |U|R|-|To|A1|3|0|9|25
NI ?1
R12 R34 |
foelf o1 | % ar P~
\C e
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Project: Teck BRE Tunnel Rehab. FS - U/G Geotech
Project Location: Sparwood, BC
Project Number:

60444413

Log of BH-2016BR6023

Sheet 4 of 5

ROCK CORE Discountinuity Description
g o 'g 3 I o o
Q
Se ol |5 | 882 EREHRHE REMARKS
© o S |e > | e ] SIS
S 50 (2|5 =| 32|5l2]3 MATERIAL DESCRIPTION 0|89 |®|3|2% % x| ANDOTHER
PO 0O P - 5 |gle|L 2l S o228 2585 8
= c| 8| al £2|25]|e Slel8|g|s|E]2 8 3 TESTS
We oE| S| 3| g| 8|e|8|e Fl<|o €182 55
i = = 5 sl g
¥ | o« (v I 2 = ° 3 £|0
1 NI
16— FR | 75 PL| R T0|A3|15/0|3 |25
| 2
7 BD|70| - |PL|R TO|A2|15/0(3 |25
i 3 FR|78| - |PL| R TO|A2|15/03 |25
R12f} 91 | 33 R34 1
n BD|60| - |PL|R TO|A2|15/03 |25
) BD|8 | - |PL|R TO|A2|15/0(3 |25
interbedding with siltstone and sandstone, laminated with thin
7 [ coal beds below 16.6 m
R thinly bedded, moderately strong (R3) to strong (R4) below
0 16.6 t0 18.6 m BD|64| - |PL|R TO|A2|15/0(3 |25
b ’ ’ BD 62| - |[PL|R TO|A2[15/0|3 |25
17—
2
7 2 FR|8 | - |U|P TO|A2|15/0(2 |25
B BD |50 | - |PL|SM TO|A2|15/0|2 |25
B SH|70| - | 1 |sMm TO|A3|1.5/0|2 |25
FR|76| - | U|sSM TO|A2|15/0|2 |25
| 0
7 BD|70| - |U|P TO|A2|15/0|2 |25
Ri3]| 93 | 87 | 3 R34 BD|66| - | I |SM TO|A2|15/0|2 |25
18—
4 2
7 FR|8 | - | I |R TO|A1|15/0(2 |25
1 1
0 —
1 1
1 N | 40| - |ST| P TO|A2|15/0(3 |10
19—
i 1 N | 45| - |ST| P TO|A2|1.5/0(3 |10
i JN|60| - |U|R TO|A1|3]0[3]|25
R14]1 100| 94 | 1 |R3| I
| 0
7 2 BD |8 | - |ST|R TO|A1|3]0[3]|25
N | 15| - |PL|SM To|A0|1]0[3]|25
20—
4
very weak (R1) below 20.2 m
b 0 UN | 64| - |PL| K TO|A2|15/0 6|25
N Field Axial PLT Test:
B 2 qu:21.9Mpa, Type 6
J FR 48| - |PL| K T0| A2 |15 0 | 6 | 25| 71Ure
Ri15 93 | 80 R3-1 1 FR 46| - |PL| K| - [To|A2[15/0]|6|25
2 UJN | 49| - |PL|SM|Ca|T1|A0|1|2|6]|25
21+
4 1
4 ‘ N |36| - |PL| K TO|A1|15/0|6 25
i FR|72| - |U|R TO|A1|15/0|6 |25
0 o\ /
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ROCK CORE

Elevation,
meters
Depth,
meters
Run No.
Recovery, %

RQD, %

Fractures/0.25m

Strength Index

Weathering Index
H‘ Lithology

MATERIAL DESCRIPTION

Discountinuity Description

REMARKS
AND OTHER
TESTS

Infill Type

Type
Alpha, °
Beta, °
Surface Shape
ISurface Roughness
Thickness Rating
Openess Rating
Jr
Ja
Jn
Jcon

—R15

©
w

A
@

22—

23—

END OF BOREHOLE AT 21.6 m ABOVE TUNNEL ROOF
IN SHALE .

Notes:

1. Borehole termination at 21.6 m in SHALE.

2. Seepage observed from borehole after drilling completion.
—3. Geophysical survey (Optical, Gamma and Orientation) of

borehole was completed.
4. Borehole instrumented with multi point bore hole

| extensometere (MPBX), MPBX anchor set at approximately

20m (Anchor 1), 12m (Anchor 2), 8m (Anchor 3) and 4m

L (Anchor 4) above tunnel roof.

5. Anchor 2 not confirmed inplaced after install.
6. MPBX monitoring:
- September 10 (3.7°C)
Anchor 1: 4362.5; Anchor 2: 4283.7;
Anchor 3: 2561.3 & Anchor 4: 2841.1.
- September 20 (3.7°C)
Anchor 1: 4361.8; Anchor 2: 4280.7;
Anchor 3: 2561.3 & Anchor 4: 2841.2.
7. Measured water flow:
- September 11, 2016: 0.59 litres/second.

27
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Project: Teck BRE Tunnel Rehab. FS - U/G Geotech Log of BH-2016BR6024
Project Location: Sparwood, BC
. Sheet 1 of 6
Project Number: 60444413
Date(s) 08/26/2016 Eo39%d AlexH.&SamO. gpecked Marty McCabe
Drilling . - Drill Bit Total Depth
Method Rotary Diamond Drilling Size/Type HQ3 - 61 mm Drilled (meters) 27.5
Drill Rig Drilling Approximate
Type Boart LM 55 Contractor Boart Longyear Surface Elevation
Groundwater Borehole : Inclination from :
Level Backfill Cap & Valve with Pressure Gauge Horizontal/Bearing Vertical
Location EVO - Chainage ~418.2 m, 4.20 m to Tunnel Floor from Collar, Top Roller No. 252 Hammer Data N/A
ROCK CORE Discountinuity Description
g o 'g 3 § o o
S0 ol |2 8 (8|2 81 E| |5 REMARKS
2 ° o o ©
%% 22 = g =| 8|85 MATERIAL DESCRIPTION 0|8 5|8 32 % % clelc|§| ANDOTHER
= o Y 3 |B ° <3 ? = il 1IN
e SE|S|8|g]5|25]e FlE 8 gE g5 TS
[h'd 04 x [ I3 = @ H £ &
0 ] — \SHOTCRETE IN | 50 I [sM TO|A1]|2]0]| 1|25
1 " grey, medium grained
1 I SHALE - silty
R 92 | 68 R2| 1 L grey, very fine grained, very thinly laminated
i 0 | fresh (1) to highly weathered (IV), moderately strong (R3)
B becoming more silty, SILTSTONE/SHALE interbedding below
b 1 r 05m FR I | R TO|AO|4|0]|2|30
7 T BD | 75 PL|SM| - |TO|A1|{1]|0|2]|25
| s L
highly weathered, non intact, calcite infill 27 degrees to CA,
1 I oxidation stains from 0.9to 1.4 m
i NI 1
:RZ 101| 71 R2-31-Iv : BD | 77 U|R TO|A2|3|0|2|25
4
1 " BD | 77 U |sm To|A2|2|0|2|25
B 0 i
| . |
2 —1 SILTSTONE - shaley
] ! I—- light grey, medium grained, very thinly laminated
4 fresh (1), moderately strong (R3)
i interbedding with SHALE, medium spaced interbedding
0 |=—71 induced fractures occur along SHALE interbed planes
7 I=—T healed fractures parallel to core axis exposed by drill action,
- |=—1 oxidation staining and calcite infill coating (< 1mm) from 2.0m | BD | 74 PL|SM| Gr|T1/ A1 16325
| 5 t02.13m BD | 75 PL|SM|Gr|T1|A1|1|6(3|25
becoming sandy SILTSTONE, medium grained
7R3 100 57 R3-4|-|\/:—zi FR | 40 U|R TO[AO[3|1|3|25
| ) |
3 N 1 two fractures running 10° - 20° to core axis, oxidation staining
7 [_—T and calcite infill coating (< 1 mm) from 3.0 to 3.4 m
1 NI
i SHALE - silty
[ grey to dark grey, very fine grained to medium platy grains
B 1 fresh (1), very weak (R1) FR | 69 U |VR| - |To|A0|3 |09 |30
: : healed fractures parallel to core axis exposed by drill action EE ;i ﬂ xg i 13 ig g g Z gg
4 from 3.7t0 3.8 m co | 8o 1 | R | ar|T3| A2 3 [13] 9 | 25| Field Axial PLT Test:
B :11.0 MPa, Type 2
COAL seam, black, extremely weak (R0) from 3.9t03.97m | €| ™ PL|SM| Gr|T2\A2| 169 2530 | FES BPS
4—R4 95 | 59 R1
| 0
7 SH | 21 PL| K| - |T1|A1[05/0|9]|10
1 3 ?‘( JN | 89 PL|SM| - |TO|A1|{1]|0|9]|25
1 P\ UN | 37 PL|SM| - |To|A0|1|0|9]|25
R
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Project: Teck BRE Tunnel Rehab. FS - U/G Geotech

Project Location: Sparwood, BC

Log of BH-2016BR6024

. Sheet 2 of 6
Project Number: 60444413
ROCK CORE Discountinuity Description
c o 'g 3 2 o o
2o co| | % 8 13|2 35| |52 REMARKS
1 ° ° 2 o]
52 *%% S g = 8l<|E8 MATERIAL DESCRIPTION EEHHEHHREEE AND OTHER
= > > |o = @ = ] 250
me BE|[S| 8|9 3|El5]2 Fl2 88|z g5 i 5] TESTS
| le| x| |lalz]|5 a E zl &
1 2 = co | 89 IR T2|A2|3|0|9 |20
R4 95 | 59 R1| I COAL seam, fine, moist, black, very weak (R1) from 4.7 to
] NI 50m
5
NI thinly bedded, moderately strong (R3) to strong (R4) below 5
1 m
B FR|64| - |U|R| - |TO|A1]3]0|4]|25
1 NI
| 3 BD | 84 PL| R | - |TO|A1|15/0[4]|25
JRS|)| 97 | 65 R34 1 SH[75| - |U|K| - |To|A3|3|0|4]|30
1 SH | 70 PL| K | - |TO|A3|05/0[4]|30
FR | 82 PL| R | - |TO|A1|15/0[4]|25
67
| 3
| BD | 85 PL|SM| - |TO|A1|1|0|4]|25
3
B BD 8| - | I [R| - |TO|A1]3]0|4]|25
FR | 79 PL| R | - |TO|A1|15/0[3]|20
B 1
: FR|76| - |U|R| - |To|A1]3]0|3]20
1
UN 14| - |U|K]| - |To|A0[15/0|3[10
77
| NI
re ]| 100| 33 R4 1
| N BD | 80 PL| R | - |TO|A1|15/0[3]|25
i BD | 77 U|R| - |To|A1[15/0|3|25
| NI
1 BD |8 | - |U|[R| - |To|A1]3]0|3]25
| BD | 81 PL| R | - |TO|A1[15/0(3]|25
NI
b Field Diametral PLT Test:
8 qu:117.7 MPa, Type 7
| 2 co | 85 PL|SM| - |TO|A1|1|0|2]|25]|Failure
N COAL
B black, very fine grained
NI highly weathered (IV), extremely weak (RO), fragmented
| NI
Tr7 || 93 | 10 R1-3 IV
NI
97
| NI
1 NI
| NI
R8 87 | 0 | \ |RI]I
10— lustrous black belo ?1
] N e R PN

v

A\

AZCOM
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REMARKS
AND OTHER
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Field Diametral PLT Test:

qu:4.6 MPa, Type 4

Failure

Discountinuity Description
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Teck BRE Tunnel Rehab. FS - U/G Geotech

Project Location: Sparwood, BC

Project:

60444413

Project Number:

MATERIAL DESCRIPTION

ABojouy

ROCK CORE

xapu| Bulayjeapy

ar P

thinly laminated below 14 m

xapu| ybuang

R1

RO| I

WGz 0/sainjoel

NI

NI

NI

NI
NI
NI
NI
NI
NI
NI
NI
NI
NI
NI
NI
4
NI
NI
NI
NI
NI
NI

% ‘a0y

% ‘Kianodey

87

100| 0
84
68
50

"ON uny

R8

R9
R10
R11
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Discountinuity Description
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Teck BRE Tunnel Rehab. FS - U/G Geotech

Project Location: Sparwood, BC

Project:

60444413

Project Number:

MATERIAL DESCRIPTION

ABojouy

ROCK CORE

xapu| Bulayjeapy

\ >
A=

ar P

B\

slightly weathered below 21 m

xapu| ybuang

RO| I

RO| Il
RO| Il
RO| Il

WGz 0/sainjoel

NI

NI

NI

NI

NI
NI
NI
NI
NI
NI
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Project: Teck BRE Tunnel Rehab. FS - U/G Geotech
Project Location: Sparwood, BC

Log of BH-2016BR6024

. . Sheet 5 of 6
Project Number: 60444413
ROCK CORE Discountinuity Description
g o 'g 3 2 o o
Q
=0 ol |3 S E|E HHNEE: REMARKS
o = | £ ° | e El T
S Zo (2| 5| =| 3|2|2B MATERIAL DESCRIPTION oldl 5|53 5|22|_|.|.|s| ANDOTHER
oo oo |Z|2| 5| 5|8l2lS S|15/ 8 |8/2= 885553 TESTS
we o 58| g 8|elEls Flelo €855 -
X | x C|[»|=|3 HE g
rR15]}/ 83 | O RO| It
1 NI Field Diametral PLT Test:
co(s| - | I |VR| - |TojA0|3|0|6 g'-';l-” MPa, Type 7
] BD|8 | - |PL|R| - |TO|A1[15/0|6 ailure
1 1 SHALE - silty BD|83| - |PL|R| - [T0|at]15|0|6| |[Fie/dAxialPLT Test
1 . . qu:33.5 MPa, Type 2
4 grey to dark grey, very fine grained, very thinly bedded Failure
1 fresh (1), moderately strong (R3) to strong (R4) VN |50 - | UJR|CaT21A01310)\6| ke Axial PLT Test:
22— T FR|87| - |PL|R TO|A2|15/0|6 qu:51.4 MPa, Type 2
3 Failure
1 UIN|19] - |U[R To|A1|3 0|6
Rislll s0 | 29 Rod 1 = SH|77| - |U|R To[A2|3 0|6
| 3 SH|68| - | I |R| - |T0|A2|3|0|6
FR|8| - | C|sM| - |To|At1|2|0]6
B UN|66| - |PL|SM| - |TO|A1|1|0]6
B 5 L UIN|70| - | 1| -] - |T0|At[15/0]6
1 NR
23 —
B 0
3 FR[83| - |[U|R| - |TO[A1[3|0]|3
UN|80| - |ST| K| - |TO|A1|3|0]3
B NI
Ri7|| 90 | 23 Ra| I
NI
24— |
B NI
1 NI
B 0
] FR|8| - |PL|R To[A1|1]0|3|25
1
25| | UN|66| - |ST| K| - |To|A2|3|0|3]|25
B 1
R18[]| 100 | 100 R4| |
] 1 UN | 69| - |ST|K To[A2|3|0|3|25
b 1 r BD|81| - |PL|R| - |TO|A1|1|0|3]|25
1 BD|78| - |U|R| - |To|A1|3|0|3]|25
1 1
26 —
il 0 L
| SH|62| - |U|R T3|A3|3|0|610
1
—r19ll 100| 0 R4l 1 SH|70| - |u|K| - |T3/A3)15/0|6|10
| 1 UIN|72] - | 1| K| - |To|A1|15/0]|6|25
b N " FR|80| - |PL|R To|A2|15/0|6 |25
1 (\QPV FR[81| - |PL|R| - [To|A2[1506|25
27 \PA>
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Project: Teck BRE Tunnel Rehab. FS - U/G Geotech
Project Location: Sparwood, BC

Project Number: 60444413

Log of BH-2016BR6024

Sheet 6 of 6

ROCK CORE

Elevation,
meters
Depth,
meters
Run No.
Recovery, %
RQD, %
Fractures/0.25m

Strength Index

Weathering Index

MATERIAL DESCRIPTION

Discountinuity Description

Type
Alpha, °
Beta, °
Infill Type
Jr
Ja
Jn

REMARKS
AND OTHER
TESTS

27
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w

R19{] 100

o

NI

H‘ Lithology

1.5)
1.5)

— — | Surface Shape
o
o

3 3 [Thickness Rating
2 & |Openess Rating

X X 71 [Surface Roughness
o
o

T
Y
®
[+
]
2
=
o
z

1.5)

o
o

28—

29—

32—

END OF BOREHOLE AT 27.5 m ABOVE TUNNEL ROOF
[ IN SHALE .

+ Notes:

1. Borehole termination at 27.5 m in SHALE.

2. Seepage observed from borehole after drilliing completion
[ (to be confirmed).

|3. Geophysical survey (Optical, Gamma and Orientation) of
borehole was completed.

4. Borehole closed with cap and valve with tubing and
 presure gauge.

L 5. Pressure gauge monitoring:

- September 09, 2016 - 310 kPa.

[ - September 10, 2016 - 350 kPa.

- - September 11, 2016 - 350 kPa.

- September 12, 2016 - 300 kPa.

- September 19, 2016 - 290 kPa.

r 6. Estimated water outflow:

L - August 21, 2016: ~0.15 litres/second.




DRAFT C:\USERS\OSHATIS\DESKTOP\BRE\GINT\6044413 BRE TUNNEL FS_UNDERGROUND GEOTECH-DRAFT LOG-01.GPJ URSSEA3.GLB BRE TINNEL FS.GDT 10/27/16

Project: Teck BRE Tunnel Rehab. FS - U/G Geotech
Project Location: Sparwood, BC

Log of BH-2016BR6025

: Sheet 1 of 7
Project Number: 60444413
Date(s) 08/28/2016 Eo39%d AlexH.&SamO. gpecked Marty McCabe
Drillin: . - Drill Bit Total Depth
Mathoy Rotary Diamond Drilling SizeType ~ HQ3-61mm Dried (nﬁeters) 34.8
Drill Rig Drilling Approximate
Type Boart LM 55 Contractor Boart Longyear Surface Elevation
Groundwater Borehole ; Inclination from ;
Level Backfill Cap & Valve with Pressure Gauge Horizontal/Bearing Vertical
Location EVO - Chainage ~456.2 m, 4.32 m to Tunnel Floor from Collar, Top Roller No. 276 Hammer Data N/A
ROCK CORE Discountinuity Description
g o 'g 3 § o o
S0 ol |2 S 3|2 8IE| . |£|5 REMARKS
2 ° o o ©
%% 22 = g 2| 8|83 MATERIAL DESCRIPTION 0|8 5|8 32 % % clelc|§| ANDOTHER
o ) | 5(5]g|L g ] =8 8PPPS8
we o | S| 8|8 5|zl5|2 2|8 g8 E 5 5| TESTS
| |ec| c|a|lz|3 a E &
0 7] SHOTCRETE Co | 68 U| R |Ca|T1|A1|30754|25
R 97 | o 0 R3| 1l grey, medium to coarse grained FR| 1 I |VR|Ca|T1|A0|30.754 |30
B ——r iight grey matrix FR | 90 I |VR| - |TO|A1|3|0]|4|30
F~1 SILTSTONE - shaley FR | 1 I |[VR|Ca|T1|A0|30.754 30
i 4 | grey, fine grained, heavily fractured IN'| 90 | R - |TOJAT|31019130
—1 moderately weathered (lll), moderately strong (R3) N C |SM| - |TO| A0} 410930
! |— - fractures running parallel to core axis from 0.1 to 0.3 m
B NI |——1 calcite coating withing fracture planes, becoming very fine IN | 90 PL|SM To|A0| 4 |0|9|30] )
grained below 0.29 m IN | 90 pLip | - |T0lA1]110l9l1 Fle.IdAme PLT Test:
1 I fractures running parallel to core axis from 0.4 to 0.5 m SH | 74 PL| K |Ca|T1|A1(050.739|10 g:;:j?émpa’ Type 2
il NI ——1 multiple fractures: running parallel to core axis, 90 degrees to
1 I—— core axis and 20 degrees to core axis; calcite staining, JN|90| - |U|R TO|A13]0|9|25
_ | _polished surfaces for fractures parallel to core axis from 0.78
1 |R2]] 100 | 27 L) t01.0m SH |15 PL| P To|A0| 1|0|9|25
i i FR | 83 PL[sm| - [To|Ao|1|o|9|25
B s L
b — UJN |88 - |U|R|Ca|T1|A1|30759]|25
E 1
1 1 fine to medium grained, very thinly laminated, light grey below
7 I 1.8m
2— fractures from 1.8 to 3.3 m are healed fractures exposed by
i 0 ["—1 suspected dril action
1 0
1 FR | 88 PL|R| - [TO[AO|4|0]3|30
Jraff 01| 90 | | [re| 1
1 — FR | - I'|R| - |To|A0[3|0|3]|30
B — IN | 85 ST|R| - |T2|A2|3|0|3|25
1
3 -
4 0 }2,
] 0 ;i: becoming corse grained sandy siltstone below 3.3 m
E 0
i 0 healed fracture parallel to core axis from 3.8 to 4.0 m
1R4 93 | 77 R3| | UN 77| - | U|R|st|T3[A3]|3]13[3]0
4|
E 1
1 SHALE UN |78 - |U|R| - [T1|Aa1|3]|0]3]|25
7 1 [ grey to dark grey, very fine graipe oE‘ty grains
E fresh (I), moderately stro
— N\ / IN | 70 PL|SM| - |T1|A1]1/0/3]20

v

AZCOM




Project: Teck BRE Tunnel Rehab. FS - U/G Geotech
Project Location: Sparwood, BC

Log of BH-2016BR6025

i Sheet 2 of 7
Project Number: 60444413
ROCK CORE Discountinuity Description
p
g 3 'g ) § o o
Se ol 35| | 882 EHRE REMARKS
%% 22 = g 2| 8|c|2|B MATERIAL DESCRIPTION o|8| |5 3 5\%2|,  gc 5 ANDOTHER
Q@ [ | 31328 1 k] =lglePPP|8
me BE|[S| 8|9 3|El5]2 Fl2 88|z g5 i 5] TESTS
| le| x| |lalz]|5 a § zl &
) — co | 89 PL| P T1|A1|1]0[3]10
4 93 | 77 R3 COAL seam, coarse, moist, black, very weak (R1), ~70% coal
NI syspecte_d jpint, ~90 degrees to _CA, irregu_lar plane surface, SH|40| - | C| K| - |TO|A2/|05/0|6 |10
dlzc&uztlgrgug parallel to core axis on non intact recovery from el - Tulsml - lrolatl 210l 25
6 UN|75| - |U|R| - [TO|A1]|3|0]|6]|25
Field Axial PLT Test:
qu:35.6Mpa, Type 2
Failure
2 UJN 60| - | U|VR| - [TO[A3|3|0|6]|20
84149, IR COAL seam, black from 5.54 to 5.77 m
SH|60| - | U|K| - |To|A3[05[0 6|10
NR " COAL/SHALE interbedding, shear observed on contact
I planes from 5.77 t0 6.05 m
NI L
: UIN|-| - |U|R| - |[T0o[A2|3|0]|6]|25
1 fractures running parallel to core axis exposed by drill action
[ from 6.3t06.35 m SH |85 | - |PL| K| - |TO|A1/05/0]2|10
2 L
| gradational contact, shale becoming siiltstone, healed contact
. L
— UN [ 81| - |PL|SM| - [TO[A1]|1|0]2]|20
104 67 | | colso| - | -|-|-|mo|-|-|-]-|-
SANDSTONE JN | - - I |R| - |TO|A2|3|0|2|25
grey - light grey, corse grained
2 I~ fresh to slightly weathered (I-1I), moderately strong (R3)
L fractures running parallel to core axis exposed by drill action
| from7.1t07.2m
healed contact, ~ 85 degress to core axis silty SANDSTONE
1 - becoming sandy SILTSONE below 7.4 m
NI | SANDSTONE/SILTSONE interbedding, predominantly
( SANDSTONE, fine to medium grained
+— SANDSTONE is randomly fractured with irregular fractured
faces
2 -
some fractures exposed by drill action, fracture planes exhibit
r lusturous coal polished characteristics to 8.35 m
| FR[37| - |U|R| - [TO[A1|3|0|3]|25
NI
— FR|[8| - |U|R| - [To[A1]|3|0]|3]|25
82 | 33 1 i
| Cco|89| - |PL|sM| - |TO|A1[1.5/03 |25
COAL
NI black, fine
slightly weathered (Il), very weak to weak (RO - R1), soft
NR
%1
NI
55| 0 R1
NI ‘(
N (\QPV
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Project: Teck BRE Tunnel Rehab. FS - U/G Geotech

Project Location: Sparwood, BC
Project Number: 60444413

Log of BH-2016BR6025

Sheet 3 of 7

ROCK CORE

Elevation,
meters
Depth,
meters

Run No.
Recovery, %
RQD, %
Fractures/0.25m
Strength Index
Weathering Index
Lithology

MATERIAL DESCRIPTION

Discountinuity Description

Type

Alpha, °

Beta, °

Surface Shape

REMARKS
AND OTHER
TESTS

ISurface Roughness
Infill Type

Thickness Rating
Openess Rating

Jr

Ja

Jn

Jcon

NR
R8 55| 0 R1| Il

i NR

NR

g NI

NI

|Ro 7510 N

RO-1

i NR

g NI

NI

13—+
Rt0]jl 51| O R R

NR

B NI

NR

14—

i NI

NI

R11]} 69 | O R2| -l

i NI

NI

i NR

"R12]} 63 | O R1| I
| NI

NI proximity of suspected fault plane intersect from 11.8 to 12.3
m

NR coarse, moderately weak (R2) below 12.3 m

NR lusturous, fragmented below 15.3 m

Field Axial PLT Test:
qu:17.7Mpa, Type 2
Failure




Log of BH-2016BR6025

Sheet 4 of 7

REMARKS
AND OTHER
TESTS

Discountinuity Description
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Teck BRE Tunnel Rehab. FS - U/G Geotech

Project Location: Sparwood, BC

Project:

60444413

Project Number:

MATERIAL DESCRIPTION

ABojouy

ROCK CORE

xapu| Bulayjeapy

\ >
A=

ar P

B\

very weak (R1) below 16.8 m

xapu| ybuang

R1

R1 (lI-lll
R1 (lI-lll
R1 (lI-lll

WGz 0/sainjoel

NI

NI

NI
NR

NI
NI
N

NI
NI
NI
NI
N

NI
NI

NI
NI
N
NI
NI
NR | R1]lI-llI

NR
NR

% ‘a0y

0
0
0
0

% ‘Kianodey

63

"ON uny

R12

R13
R15
R16

slalowl
‘yideq

slajow
‘uoneas|

16—

80
87
77
87

18—
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20—
21+
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Project: Teck BRE Tunnel Rehab. FS - U/G Geotech
Project Location: Sparwood, BC

Project Number:

60444413

Log of BH-2016BR6025
Sheet 5 of 7

ROCK CORE

Elevation,
meters
Depth,
meters
Run No.
Recovery, %

RQD, %

Fractures/0.25m

Strength Index

Weathering Index

Lithology

MATERIAL DESCRIPTION

Discountinuity Description

REMARKS
AND OTHER
TESTS

Type
Alpha, °
Beta, °
Surface Shape
ISurface Roughness
Infill Type
Thickness Rating
Openess Rating
Jr
Ja
Jn
Jcon

22—
R16]|| 87

NI

NI

NI

NI

R1

23—

100

NR

NI

NI

NI

NI

NI

RO-1

R18 57

NI

NI

NI

NI

NR

NR

RO-1

-R19]}| 70

NR

NI

NI

NI

NI

RO-1

fine below 21.75 m

extremely weak (RO) to very weak (R1) below 22.8 m

localized shale laminations below 23.0 to 27.3 m

27




Project: Teck BRE Tunnel Rehab. FS - U/G Geotech Log of BH-2016BR6025
Project Location: Sparwood, BC
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i Sheet 6 of 7
Project Number: 60444413
ROCK CORE Discountinuity Description
g o 'g Fy § o o
=0 ol |3 S 8|2 S REMARKS
%% 22 S g 2| 8|c|2|B MATERIAL DESCRIPTION o 8|5 8|3 2|5 2| |slc|5| ANDOTHER
o ) - = =4 N ) o - =8| o |P>>0
me BE|[S| 8|9 3|El5]2 Fl2 88|z g5 i 5] TESTS
Kl | x| £l|é(z|35 als Z &
27 =
| NR
Rio]j 70| © RO-111-11
NR
B NI
1 NI
287R20 97 | 0 RO-1 11111
| NI
1 NI
| NI
] NI coal within silty sand matrix from 28.8 to 29.05 m
29—
B NI
1 NI
Ret|] 100| o RO-3 IV
b NI col| - | - |-|-1-1-1-1-|-12|-
] NI - SHALE
g + dark grey, very fine grained
N | fresh (1), very weak (R1) to strong (R4)
30 u shale laminations from 29.9 to 30.12 m FRI 77} - JPLI K| - |TO|A2]15/0) 2110
3 | dark grey to grey banding, very fine to fine grained, thinly Field Diametral PLT Test:
B I bedded below 30.3 m FR|8| - |PL|R| - |TO|A2|3|0|6|25 g:ﬁ?;gMpa, Type 7
7 [ Field Axial PLT Test:
4 1 L qu:24.4Mpa, Type 2
Failure
b r UN | 38 ST| R T3|A2|3|0|6|25
| | IN | 41 ST| R To|A2|3|0|6|25
| 0 | BD | 83 PL| R To|A2|3|0|6 |25
31 ko |[ 100 83 . RITE
BD|8| - |U|R| - |T0|A3|3|0|6[10
1 T UN|50| - |U|R| - |T3/A3|3|0|3]|10
| ) |
1 " UN|46| - |ST|R| - |To|A2|3|0|6|25
B — FR|80| - |U|R| - |T0|A2|3|0|3]|25
il 2 L
| | M |84 PL| R To[A2|3|0|6|25
S |
32— —
| 0 | BD|81| - |PL|R| - |TO|A1[1.5/0|3|25
JR23]]| 100 | 100 R4| 1 -
| , |
B — ID?’( VN |[84| - |U| - |ca|T1|A0|40753 30
il 1 — GQ /
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Project: Teck BRE Tunnel Rehab. FS - U/G Geotech
Project Location: Sparwood, BC

Log of BH-2016BR6025

Sheet 7 of 7

Project Number: 60444413
ROCK CORE Discountinuity Description
g 3 'g ) § o o
"39 =0 S e g éE . §§¢§§ REMARKS
52 *%% 2 g = 8l<|E8 MATERIAL DESCRIPTION EEHHEHHREEE AND OTHER
- y 5 ° = ] 250
me BE|[S| 8|9 3|El5]2 Fl2 88|z g5 i 5] TESTS
| le| x| |lalz]|5 a § zl &
1 0
337R23 100 | 100 R4| | FR|67| - |[U|R| - |TO|A1|3|0|3]|25
B 1
0
b UJN|56| - |U|R|-|TO|A1|3|0|6]|25
] 0 BD (84| - |U|R| - [TO|A1]|3|0]|6]|25
] 1 FR|76| - |PL|R| - [TO|A1|3|0]|6]|25
34iR24 100| 97 | , Re4 1
| FR|77| - |ST|R| - [T3|A3|3|0|6|10
B ; fracture zone from 34.24 to 34.27 m FR|64| - |[U|R| - |TO|A1[3|0|6|25
b 2 BD 63| - |U|R| - [TO[A1|3|0]|6]|25
1 1 =
END OF BOREHOLE AT 34.8 m ABOVE TUNNEL ROOF
7 [ IN SHALE.
35— —Notes:
i | 1. Borehole termination at 34.8 m in SHALE.
2. Seepage observed from borehole after drilling completion.
7 r 3. Geophysical survey (Optical, Gamma and Orientation) of
E L borehole was completed.
4. Borehole closed with cap and valve with tubing and
b | presure gauge.
- — 5. Pressure gauge monitoring:
i - September 09, 2016 - 0 kPa.
- September 10, 2016 - 0 kPa.
7 - September 11, 2016 - <10 kPa.
g F - September 12, 2016 - <10 kPa.
i - September 19, 2016 - 60 kPa.
36— —
37— —
B 7 B!
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Project: Teck BRE Tunnel Rehab. FS - U/G Geotech
Project Location: Sparwood, BC

Log of BH-2016BR6026
Sheet 1 of 10

Project Number: 60444413
Date(s) 08/30/2016 Eo39%d AlexH.&SamO. gpecked Marty McCabe
Drilling . - Drill Bit Total Depth
Method Rotary Diamond Drilling Size/Type HQ3 - 61 mm Drilled (meters) 48.8
Drill Rig Drilling Approximate
Type Boart LM 55 Contractor Boart Longyear Surface Elevation
Groundwater Borehole Inclination from :
Level Backfill MPBX Horizontal/Bearing Vertical
Location EVO - Chainage ~528.8 m, 4.12 m to Tunnel Floor from Collar, Top Roller No. 369 Hammer Data N/A
ROCK CORE Discountinuity Description
g o 'g 3 § o o
S0 ol |2 8 (8|2 . 81 E| |5 REMARKS
%% 22 = g 2| 8|83 MATERIAL DESCRIPTION o|8| |5 3 5/%2|. gc 5 ANDOTHER
Qo [ 1) - 5|28 2la|l 3|8 G (=8 2P DL TESTS
WmE Oe| 58| 9| &5|s5]%]2 ozl o || 8E|E ¢ =
0 || el £ 5|23 HHEEE
| NI e “; SHOTCRETE ) )
o \grey, fine to medium grained matrix R |10 ol R 1ol nol1sl o6 130
7 « { SANDSTONE
4rR1 11100 | 47 R34 | |* ¢ grey, fine to medium grained
| NI « ( fresh to slightly weathered (I-1l), moderately strong to strong
o { (R3-R4)
! * ¢ multiple healed hairline fractures exposed by suspected drill
NI ®  action from 0.05 mto 0.6 m
® { trace oxidation from 0.6 to 0.8 m
B . F
. *
1
B : r fracture 0-4 degrees to CA running from 0.85to 1.0 m
1- .
il 2 * 1
° FR | 80 - I | R|Gr|T3|A3|3|1|6|20
) ° 7 UN |46 - | U|R|Gr|T2|A2| 3|86 |25|Field Diametral PLT Test:
B L qu:78.5Mpa, Type 7
|R2]}[101| 39 | 2 R34 u|eq Failure
L]
7 * FR | 17 PL| R [Qz|T1|A1(1.5).7%6 | 25
| 2 ° ! IN | 85 U|R|Gr|T1|A1|30.756|25
L]
B . &
. . L
NI . CO | 89 - I | R|Gr|T4|A4|3|6|6|20
i : " non intact rock, oxidized core with intermediate plasticity
2+ « { brown clay and polished coal infill
NI ickenslides observed on infill coal surfaces : B . ’ .
] COAL ~90 percent / SHALE ~10 percent below 1.93 m p it T B B G
contact with COAL seam a0 oL | sm Tol A 01| Failure '
7 NI COAL seam, black, coarse, moist ) 1 1%
B slightly weathered (Il), extremely weak (RO) to very weak (R1)
|R3 63 | 14 R1
B NR
] 3 interbedded with laminated mudstone
3 E———SHALE - silty
| NR | dark grey to light grey, very fine to medium grained, thinly
laminated
7 I fresh (I), moderately strong to strong (R3-R4)
R4 34 | 13 N RN H
i NR L
- VN PL Ca|T2|A0|10.756 |10
] 0 | WN PL| - |Ca|T2|A0| 1075610
47 - VN PL| - [Ca|T2|A0| 10.7%6 |10
] FR PL| P | G [T3|A2[15/4|6|10
) [ JN ST| R TO[AO0 (15| -|6|30
|RS 100 | 72 R1-3 1 | intermittent fracture zone from 4.13 to 4.90 m, fracture
predominantly running parallel to core gys with trace
E . - oxidation staining ?‘a‘s FR ST| R | G |T3|A2[1.5(4 6|10
——o8=

AZCOM




DRAFT C:\USERS\OSHATIS\DESKTOP\BRE\GINT\6044413 BRE TUNNEL FS_UNDERGROUND GEOTECH-DRAFT LOG-01.GPJ URSSEA3.GLB BRE TINNEL FS.GDT 10/27/16

Project: Teck BRE Tunnel Rehab. FS - U/G Geotech
Project Location: Sparwood, BC
Project Number:

60444413

Log of BH-2016BR6026

Sheet 2 of 10

ROCK CORE Discountinuity Description
CC; o 'g Fy 2 o o
Q
S0 ol |2 S8z 21 E],|E|E REMARKS
Q ° o o ©
°s 8912 5|=|3|5|2l3 MATERIAL DESCRIPTION o|d |55 E2/&| | |s| ANDOTHER
Q@ [ 3 | 51822 2(s| 9|8 =g 27 P8 TEST
Wwe OE|5(8| 6| &|&g|5| Flga g3 E 5 N STS
| le| x| |lalz]|5 a § zl &
S—] Field Axial PLT Test:
B 0 - qu:9.9Mpa, Type 6
i | Failure
BD| - | - |PL|ISM| - [To|[A0|1|-|6]30
| u L FR| - | - |PL|SM| G [T3|A2|1|4]6]10
+4R5 [} 100 | 72 R1-3 1 -
57 1
b 2 - FR|-| - |C|R|-|T0lA0|1]-|6]15
4 L FR| - | - |[U|R| - [TolA0|2|-|6]30
| IN B
0 fine to very fine grained below 5.3 m
J NI i
b r IN
| ) L
67 1
Ré ||| 100 | 65 o IR
] | FR
NI
1 2 [ BD - | Field Diametral PLT Test:
B . BD - | qu:35.6Mpa, Type 8
IN - | Failure
0 becoming less silty below 6.8 m
77 .
i 0 L
| s |
|r7 || 100| 90 SN=]
R 1 F FR
] 2 i BD
1 | FR
87 1
B 2 - SH
4 [ BD 60| - |PL|R| - [TO[A0|15|-|4]|25
g I FR |86 | - |PL|R| - [TO[A0|15|-|4]|25
B B BD [84| - |PL|SM| - [TO|A1[15|-|4]|25
b NI - FR|78| - |PL| P | G |T4|Ad|15-|4][10
| | fractured zone from 8.7 to 9.0 m, planar, rough and infilled
7 0 [ with shale pieces
— — UN (43| - | C|K| - [T1|A1]15)-|4]|25
9 R8 67 | 43 R34 |
b 2 - UN[45| - | C|K| - [T1|A1]15)-|4]|25
| " |
i NR L
5 |
R9 R34 |
10— 100 | 65 B ? s
| 0 = (\Q /
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Project: Teck BRE Tunnel Rehab. FS - U/G Geotech
Project Location: Sparwood, BC

Project Number:

60444413

Log of BH-2016BR6026

Sheet 3 of 10

ROCK CORE Discountinuity Description
Q o
So ol %] |2]8]2 SRFHRGE REMARKS
= =) Slw
S 50|25 =] 2l5l23 MATERIAL DESCRIPTION olg §|8|3|2|% % .|alc|5| AND OTHER
Q0 QO > - S| elell 2|58 |8|%|=|8 8|78 TESTS
£ c 8 al 8 12l£]e > 2 2 8|sE|8l¢e S
we O&| 5| g|a| 8|8l8|s Fl<|o £18E 55
© = = = 2| a
¥ | o« (v I 2 = ° 3 £|0
b SH|36| - |ST|R TO| A0 |15 - [2 |25
1 1
b 1 FR[38| - |ST|R| - [TO|A0[15-|2
UN|14| - |C|R TO| A0 |1.5] - [2
1R9 R34 |
100| 65 fractured zone from 10.7 to 10.75 m, planar, smooth to rough
7 NI and infilled with brocken rock pieces
11+
B NI
b FR[52| - |[PLISM| - |-|-|-|-|6
3 FR[55| - |[PLIP|-|-|-]|-|-]6
R 2 FR|[73| - |PLISM| - |-|-|-|-]6
7 UN[55| - |[ST|R| - |-|-
1 1
4 BD 77| - |PL|R|-|-|-]|-|-|6
12—
|R10]}| 90 | 63 , R4 UIN[60| - [C|IR|-|-|-]|-|-|8
Field Diametral PLT Test:
i FRI67| - |c|lK|-1|-1-1-|-16 qu:77.8Mpa, Type 8
Failure
g 3 INJ70| - [ 1 |K|-|-|-]-]|-]8
i UIN BT - [ K| - |-|-]-]|-]8
B 0
0
134
| 2 FR|[65| - |PL|R| - [TO[A1]15|-|4]|25
b BD 79| - | I |R TO|A1[1.5 - [4 |25
b 2 BD 75| - | U|K TO| A1[1.5 - [4 |10
B IN|67| - |C|P TO|A1|2]|-|4|25
i UN[80| - | I |P|Gr(T4[A2|2|-|4]|25
r11]|ll 98 | 84 Rad | UN 82| - | I |R|Gr(T4[A2|2|-|4]10
7 8 — UN |76 - | U |SM| - [TO[A1]|1|-|4]10
] coal laminations between 13.6 and 13.7 m N 721 - |pLlsm| - [Tola1]1]-]4]25
b 1 BD (82| - |U|P| - [TO[A1]|2|-|4]|25
14— FR|[68| - | I |R| - [TO[A1]|2|-|4]|25
B 2
fractured zone from 14.08 to 14.14 m, planar, rough and
B infilled with brocken rock pieces SH|[40| - | C| K| - |To|A2|05/0]1210
0
b SH|65| - | U|K| - |To|A1[15012/10
4 NI
| FR |77 | - | U|R|Gr|T2|A2|3|4[12[10
1 P FR |8 - | U|R | - |THATI3 412125 Figld Axial PLT Test:
4 qu:60.8Mpa, Type 6
Failure
15—R2|ll 87 R34 il FR |84 - | 1 VR] -\ TOAT| 3012 25| ooy Diametral PLT Test:
] 5 BD | 78| - | U|R| - |TO|AT|3 |0 [12/25| gi::03 6Mpa, Type 4
] UN 89| - |PL|sM| - |To|a1|1 |0 |12]25|Failure
BD 68| - |PL|SM| - [TO[A1]|1|0[12]25
7 4 FR|[64| - |U|R| - [TO[A0|3|0][12]25
4 NR ;
| QPV UN|[85| - |U|R|Gr|T1|A1]3|4]12|25
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Project: Teck BRE Tunnel Rehab. FS - U/G Geotech
Project Location: Sparwood, BC

Log of BH-2016BR6026

; . Sheet 4 of 10
Project Number: 60444413
ROCK CORE Discountinuity Description
g 3 'g ] ] o
Q o
S0 ol |2 d (3|2 . 8 E|, |5 REMARKS
(] o) < R ] Al
Se g8 (2| §5| =| 8|2 MATERIAL DESCRIPTION w|9| % 5 3| &E|€ _|lcl5| ANDOTHER
PO 0O P - 5 |gle|L 2l S o228 2585 8
o c| 8|1 al 2|2|€]e SRR IRIHEHEE 3 TESTS
we o 58| g 8|elEls Fl|o g §E 5 8
| lc|xc| £|alz|3 @ H Z &
— JN | 85| - |PL| R |Cm|T2]AZ[15 81225
4 very thinly laminated to 16.8 m FR|8| - |U|R TO|A1|3 06|25
1 " FR|8| - |U|R TO|A2|3|0|625
16— UN | 87| - |PL|SM TO|A1|1]0|625
4 M |87| - | 1|R To|A0| 4 |0|630
1 BD 79| - |PL|SM TO|A2|1]0|620
B BD 84| - |PL|SM TO|ATI15/016125) @ Test
FR|84| - |PL|R To|A1 |15/ 0|6 |25|'€C AX1a est
1 5 sH|8| - |U|K T0|A2[15 0|6 |10 g:i:ﬁfMpa’ Type 6
1 M | 8] - \PLISM| - |TO|A0| 110630 Figiq Axial PLT Test:
— M |84 - Ul R TO|A0| 310|625 qu:92Mpa, Type 6 Failure
R13J)| 97 | 63 R34 | BD 85| - |PL|SM TO|A0| 1]0|630
1 1 BD 82| - |U|sM To|A0|2|0|630
| M |8 - |U|R To|A0| 4 |0|630
UN | 87| - |U|P|Gr|T1/A2|1]6|6[10
2 ——1 \thinly to medium laminations below 16.8 m FR| 18| - |PLI R - |TOIAD|15) 0630
1 /=7 SILTSTONE
17— I=—1—grey, fine grained
| 0 =1 fresh (I), moderately strong (R3) to strong (R4)
[T—1 sandy SILTSTONE below 17.1 m
o =1
1 Field Axial PLT Test:
— qu:72.2Mpa, Type 2
. M 8| - |U|W TO|A0| 4 |0 |6|30|Failure
3 becoming shaley, very fine grained below 17.8 m
1 r FR|72| - | I [VR| - |T0|A0|3|0|4]30
18— FR|8| - |U|R| - |To|A1|3]0|4]|25
R14[} 103 | 70 o R4
1 NI — UN | 87| - |PL|sM| - |To|A0|1[0|4]|25
b = SH|66| - |PL| K| - |To|A2/05/0[4]|10
B I highly fractured, multiple core pieces with slickenslide below
b NI 18.48t018.8 m
trace gouge at 18.7 m
] - FR| - | - | I [VR]| - |T0|A0|4|0[12[30
19+
| 2
[k FR|61| - |U|R TO|A0| 3|0 [12[30
1 [ SH|[70| - |U|K To| A1[1.5/0 1210
1 i SH|66| - | U|K|Ca|T1|A1[150.7512/10
] 3 i FR|8| - |U|R| - |T0|A0|3|0]12]25
— FR|57| - |U|R To|A0| 3|0 [12]25
7 —r ’ - . ! UN 84| - |PL|SM TO|A1| 101225
R15|] 105| 93 | , |R4| | - fragmented recovery, randomly oriented hairline calcite vein
1 — from19.5t019.58 m SH|67| - |U| K |ca|T1|A1]15/0][12[10
i = FR|79| - |U|R| - |To|A1]3]0[12[25
1 1
20—
B 1
=T - . ) SH [ 74| - |PL| K |Ca|T1|A0[150.754 |10
3 ——1 becoming light grey, very thinly laminated below 20.3 m 2
] I~ fractured along calcite vein parallel to core axis from 20.3 to FR| 78| - |PL|SM|Ca|T1/A0| 1075425
= —+ 20.4 m, healed calcite vein below 20.4 m SH |8 | - | U)K CaT1 A1 15.754 10
6 ] UN | 89| - |PL|SM|Ca|T1|A1| 1075425
1 UN |88 | - |PL| P |Gr|T1]A2[150.754 |25
i UN |86 | - |PL| P |Gr|T1/A1] 1075425
FR | 89| - |PL|[SM| - |TO|AO|1|0|4|25
R16]}[103| 76 | 1 |R3]| 1 FR[87| - |U|R| - [To|A0|4|0|4|30
21
B 1
| 0 — A ¥ \QI/
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Project: Teck BRE Tunnel Rehab. FS - U/G Geotech
Project Location: Sparwood, BC

Log of BH-2016BR6026
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Project Number: 60444413
ROCK CORE Discountinuity Description
CC; o 'g Fy § o o
2o ol S| % <32 SR EALE REMARKS
= ° ©
Se g8 (32| §| =] g|fle MATERIAL DESCRIPTION ol |5 |35 % 2| |gcl5| ANDOTHER
2o oo || 3| 5| 5|52 2|5 3|85 =8>8 TESTS
We QE| 5|3 g| 8|g|s Flelo €855 -
¥l le|x|c|d|z HE zl &
-R16]]/ 103 | 76 | o |R3| I IN | 88 PL |SM To|A2| 1|04 |25
NI - multiple fractures exposed by drill action along healed
7 |=——1 fractures/weak planes
22— |——+—discontinuity primarily along lamination/very thin bedding
4 NI .
: UN [ 79| - |PL|SM| - [TO[A1]|1|0|3]|25
1
“ri7|| 100| 57 .
7 FR |85 | - |PL|R| - [To[A0[15/0{3|30
b 2 FR|77| - |PL|R| - [To|A0[15/0]3 |30
FR |78 | - |PL|SM| - [TO[A1]|1|0|3]|25
23—+
B NI
1 FR |16 | - |PL|SM| - [TO[A0|1 01230
_ M| -] - |sT|R To|A0| 4 | 0[12[30
| 3 FR|[34| - |[U|P T1|A1]20.7512| 25
| FR[31| - |U|R| - [To[A1]|3|0]12]25
B NI co|8| - | U|VR| - |To|A2|3|0[12|25
1 COAL seam, black, coarse, moist, fragmented from 23.89to | €O [ 75| - |PL| R| - |T11A21.5/0/12/25
247R‘|8 91 | 57 240m SH|71| - |U|P| - |TO|A2[15/0 12|10
B 2 slightly weathered (Il), very weak (R1) to moderately weak
R2
7 ) SH|42| - | C| K| - |To|A2[15[012/10
i 1 UN [ 87| - |PL|SM| - [TO[A1]|1|0]12]25
B NR suspected shear zone, polished and slickenslided core pieces
| | from 24.55t024.8 m
NI
COAL seam blended with siltstone, black, coarse, moist, from
25— 2491026.15m
B NI
UN [ 84| - |PL|SM| - [TO[A1|1|00525
1 0
[rao]]l 85 | 55 o R4
1 0
26—
B NR
] 0 siltstone becoming fine to medium grained below 26.3 m
B 0
R20jfj 91 | 79 R4 | 1
’ ’ D!
o7 = ra\2 s Sl
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ROCK CORE

MATERIAL DESCRIPTION

Elevation,
meters
Depth,
meters
Run No.
Recovery, %
RQD, %
Fractures/0.25m
Strength Index
Weathering Index

Discountinuity Description

Type
Alpha, °
Beta, °
Surface Shape
ISurface Roughness
Infill Type
Thickness Rating
Openess Rating
Jr
Ja
Jn
Jcon

REMARKS
AND OTHER
TESTS

27

L
o
T
\

T

“R20Q)| 91 | 79 R4| I |—1

| NI ontact with coal at 27.56 m

COAL
black, fine, lustrous
slightly weathered (Il), extremely weak (RO) to very weak (R1)

NI

i NI

NI

R21 42 | 0 R1

i NR

NR

i NR

NI interbedded with thinly laminated siltstone from 29.3 to 30.8

m
| NI
NI
R22]) 47| O W |R

NR

g NR

NI
31

g NI

NI

R23]) 85| O L

NI

32—

i NI

NI
_Re41ll 67 | O R1

g NI
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ROCK CORE

Elevation,
meters
Depth,
meters

Run No.
Recovery, %
RQD, %
Fractures/0.25m
Strength Index
Weathering Index
Lithology

Discountinuity Description

MATERIAL DESCRIPTION

Type
Alpha, °
Beta, °
Surface Shape
ISurface Roughness
Infill Type
Thickness Rating
Openess Rating
Jr
Ja
Jn
Jcon

REMARKS
AND OTHER
TESTS

| NI
R241) 67 | O R1| Il

NR

g NR

NI

i NI

NI

R251) 93 | O R1| Il

i NI

NI

g NI

NI
g NI
NI

36iR26 86| 0 | |R

i NR

NI

i NI

NI

“R27]] 100 | O R1| I

i NI

NI

i NI

siltstone laminated partitions between 32.67 and 32.74 m

Field Axial PLT Test:
qu:5.4Mpa, Type 2
Failure
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ROCK CORE

MATERIAL DESCRIPTION

Elevation,
meters
Depth,
meters

Run No.
Recovery, %
RQD, %
Fractures/0.25m
Strength Index
Weathering Index
Lithology

Discountinuity Description

Type

Alpha, °

Beta, °

Surface Shape
ISurface Roughness
Infill Type
Thickness Rating
Openess Rating
Jr
Ja
Jn
Jcon

REMARKS
AND OTHER
TESTS

z

i NI

NI

R281) 83 | O R1| Il

B NI

NI

i NR

NI
40—

i NI

NI

R2oj) 97 | O a R

NI

41—

i NI

NI

i NI

NI

R301} 89 | O R34 |

i NI

NI

B NR highly weathered (IV) from 42.55 to 42.65 m

NI

i NI

R31]} 63 | 7 | N R1Z 1

B I~ SHALE - silty
E 4 1 dark grey to light grey, very fine to fine grained, laminated
| fresh (1), very weak (R1) to moder: &raong (R3)

NR

co

SH
FR

85

84
80

PL| R| - |TO|AO|15/0|3 |25

/A:COM




DRAFT C:\USERS\OSHATIS\DESKTOP\BRE\GINT\6044413 BRE TUNNEL FS_UNDERGROUND GEOTECH-DRAFT LOG-01.GPJ URSSEA3.GLB BRE TINNEL FS.GDT 10/27/16

Project: Teck BRE Tunnel Rehab. FS - U/G Geotech
Project Location: Sparwood, BC

Log of BH-2016BR6026

. Sheet 9 of 10
Project Number: 60444413
ROCK CORE Discountinuity Description
g o 'g 3 § o o
S0 ol |2 33| 21 E],|E|E REMARKS
1 ° ° 2 o]
%% 22 = g 2| 8|c|2|B MATERIAL DESCRIPTION 0|8 5|8 32 % % clelc|§| ANDOTHER
o ) - = =4 N ) o - =8| o |P>>0
me BE|[S| 8|9 3|El5]2 Fl2 88|z g5 i 5] TESTS
| le| x| |lalz]|5 a § zl &
44— —
R31|] 63 | 7 | NR R1-Z 1 L
b [ Field Diametral PLT Test:
3 - SH | 83 U|R| - |T4|A1|3 |06 - |9u:25.1Mpa, Type 2
J | SH | 83 I |R| G |T4|A2|15/0|6]| - |Failure
N | 72 clRr| - |tola2l1slols] - Field Axial PLT Test:
n — joint parallel to CA from 44.46 to 44.67 m sh | 80 11 p | 6 |Toladlis 06| - |PuiadSMpa, Type 2
B 3 L SH | 86 U|K| - |To|Ad4|15/0]|6
1 | FR | 85 PL[sm| - [To|a1|1 |06
i 2 | BD | 81 IR To|A1[3 |06
45 || 100 53 SEER—N
b 0 r IN | 84 IR To|A1[3 |06
B . L
i 4 j FR | 77 C|R To|A1]3 |06
IN | 82 C|R To|A1[3 |06
b [ BD | 81 PL| R TO|A1[15/0|6
5 L
46— — UN | 89 PL| R | st|T1|A1]15)6|6|25
i 1 L
7 T FR | 87 PL |SM TO|A1|1(6[6|25
B ) L
7 r FR | 84 U|R TO|A1|3|6[6|25
“ras]|| 100 100 Red | =]
b 1 r IN | 86 C|R|st|T1|A1[3|6]|6|25
i ! L IN | 70 clP TO|A1|3|6[6|25
47 -
b 1 r BD | 83 I |sm TO|A1| 16625
0 ] platy grains, dark grey with brownish hue, fine to medium
b I grained, significant increase in silt content below 47.3 m
i 0 L
E . L BD | 86 PL |SM TO|AO| 1052 |30
48}34 102]102 , R4 1=
B . |
i 0 L
| | END OF BOREHOLE AT 48.8 m ABOVE TUNNEL ROOF
7 [ IN SHALE.
49— —Notes:
| | 1. Borehole termination at 48.8 m in silty SHALE.
2. Seepage observed from borehole after drilliing completion
7 [ (to be confirmed).
B L 3. Geophysical survey (Optical, G and Orientation) of
borehole was completed.
1 [ 4. Borehole instrumeN@Q rp& itDore hole
i

— AZCOM
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ROCK CORE Discountinuity Description
g 3 'g ) § o o
S0 ol |2 8 (8|2 81 E| |5 REMARKS
2 ° o o ©
g% *g% 2 a§ =| 8|:|2|3 MATERIAL DESCRIPTION |8 528 55% 5 als 8 AND OTHER
- y 5 ° = ] 250
we 0| S| 3|8 ¢8558 SIS 5| TESTS
| loe| x| |d(z|5 a § zl &
extensometer (MPBX), MPBX anchor set at approximately
7 [ 20m (Anchor 1), 12m (Anchor 2), 8m (Anchor 3) and 4m
E t (Anchor 4) above tunnel roof.
i | 5. MPBX monitoring:
- September 10 (6.5°C)
1 r Anchor 1: 2429.0; Anchor 2: 2297.7;
50— - Anchor 3: 4264.2 & Anchor 4: 2937.8.
- September 20 (6.4°C)
] Anchor 1: 2419.2; Anchor 2: 2298.0;
B r Anchor 3: 4258.7 & Anchor 4: 2936.3.
J L 6. Measured water flow:
- September 19, 2016: 0.02 litres/second.
51— —
52— —
53— —
54— =
i D!
] ! Ak —
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Project: Teck BRE Tunnel Rehab. FS - U/G Geotech
Project Location: Sparwood, BC

Log of BH-2016BR6027
Sheet 1 of 15

Project Number: 60444413
Date(s) Logged : Checked
Drilled 09/03/2016 By Alex, Sam & Nicholas By Marty McCabe
Drilling . - Drill Bit Total Depth
Method Rotary Diamond Drilling Size/Type HQ3 - 61 mm Drilled (meters) 78.5
Drill Rig Drilling Approximate
Type Boart LM 55 Contractor Boart Longyear Surface Elevation
Groundwater Borehole : Inclination from :
Level Backfill Cap & Valve with Pressure Gauge Horizontal/Bearing Vertical
Location EVO - Chainage ~658.8 m, 4.31 m to Tunnel Floor from Collar, Top Roller No. 412 Hammer Data N/A
ROCK CORE Discountinuity Description
S . HBE i 1ol e
S0 o0 N g gz §_§ NEE REMARKS
1 ° ° 2 S|
o so|2| 5| =|3l|5\23 MATERIAL DESCRIPTION o|lg 5|83/ |% % xlalc|5| AND OTHER
2o o9o| |3 5| 35|52]3 &l 8|82 885558 TESTS
We oE| 5| 3| gl 8|z|8|e Flelo €855 -
¥l|loe|e| cl|d|lz|5 als =13
0 — D [=iKe)
NI %.] SHOTCRETE
Tri 100! 0 ra| m [* {1grey, medium grained aggregates, well graded
B « ¢ |light grey sandy matrix
» ( contact with SANDSTONE is parallel to core axis from 0.04m
NI . 0 0.10m and 90 degrees to core axis at 0.10m above collar
i * | SANDSTONE - silty
! ® 1= grey to light grey, fine to medium grained
| NI ® 1 fresh to moderately weathered (I-1ll), moderately strong to
® | strong (R3-R4)
7 ® T randomly oriented fractured with calcite infill, some healed
E * L fractures running parallel to CA
| NI : | trace oxidation below 0.3 m
1— * -
|R2]] 100 | 46 1 |R3H] e IN|76| - |U|R|cm|T3|A3|3|8|6]|25
.
B ® + clay and sandy infill at 1.15 m, healed hairline fracture from
_ * 4 115t01.8m
0 .
il .
.
il 0 .
4 L
: co | 84 PL|SM| Gr |T2|A2|1|6|2|25
3 L JN | 86 PL|SM| Gr|T3|A3|1|6|2|25
il I—1 SILTSTONE - shaley IN | 87 PL|SM|Gr|T1|A1|1|6(2|25
2— —+—grey, fine grained
B 0 |——1 fresh (I), moderately strong (R3)
Ra|| 94 66 | , R =
i 1 1
0 = SHALE - silty
b = grey, fine grained
3 —+—fresh (I), moderately strong to strong (R3-R4)
J 0 —
|Ra4]] 100 | 100 Ra| 1 =
| . =
0 * | SANDSTONE - silty
] ® 1 grey to light grey, fine to medium grained
g ® t fresh (1), strong (R4)
| . : L
| 1 BD | 88 PL| R |Ox|T1|A1[15[1|2|25
4-Rs || 100 83 Rél Te M |83 PL|VR| - |TO|A0|15/0 2|30
7 1 *r M | 79 PL|VR| - |TO|AO (150|230
) . { M | 87 PL|VR| - [TO[AO[15/0|2 |30
e g
° RV M | 88 PLIVR| - |TO|A0[15/0[2]30
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Project:
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Project: Teck BRE Tunnel Rehab. FS - U/G Geotech
Project Location: Sparwood, BC

Log of BH-2016BR6027
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Project Number: 60444413
ROCK CORE Discountinuity Description
g o 'g 3 2 o o
Q
S0 ol |2 S 3|2 8 E|, |5 REMARKS
(] [e) < ° lo =) RG]
SS BE|2| 8| = 8|:|E5 MATERIAL DESCRIPTION o % /5 3228 <l ANDOTHER
Q@ [ 3 | 51822 2(s| 9|8 =g 27 P8 TEST
Wwe OE|5(8| 6| &|&g|5| Flea 88 5 e N STS
X | x| & |®a|z|3 @ H £ &
L)
1 . UN|20| - | C|R|Sa|T1|A1[15/2|6|25
1 2 o7 FR|75| - | I | R |sa|T1|a1]152|6|25
| * L
_ . =
JRO) 97 | B3 | 3 R4 1 |e ( UN 10| - | U|R|Sa|T1/A1[15/2|6|25
. Field Diametral PLT Test:
7 o BD [ 58| - |PL|R|Sa|T1|A1]152]6 |25|qu:96.9Mpa, Type 6
J o L UN|23| - | 1| R|sa|T1|A1[15]2|6|25|Failure
3 L)
| oF
11 . —
NI « | Mmoderately strong (R3) to strong (R4), fresh to moderately
. meathered (I-111), randomly oriented healed fractures below 11 O P T P I P 0 0 g o e
| . L
i LN
NI .
| oL
_ . L
i 4 ° v JN |76| - | C| R |Sa|T1|A1[15/2[1225
.
q L3N UN |27 | - |PL| R |Sa|T1|A1[15/2(1225
R10]}| 100 | 13 R3/41-Il|
1 2 .l UN |50 | - | I |R|St|T1/A1]3 41225
B . UN 33| - | 1| R|St|T1]|A1]3 41225
12— o BD |8 | - | U|R|St|T1|A1]3 41225
. UN |57 | - |PL|R|St|T1]/A1[15 41225
b NI . BD | 81| - |PL| R |Sa|T1|A1[15 31225
| . d
. b L
NR .
| . -
o
.
i NI . f
- o ¢+
. * |-
NI .
| .4
.
13- ‘F
4 NI .
i L
R11]]1 100| O R3/4 -l |
7 NI o UN 17| - | 1 | R|Sa|T1|A1]3|4[12]25
1 * BD |88 | - |PL|R |Sa|T1|A1[15 41225
_ ° L FR|89| - | C|R|Sa|T1|A1[15/4 1225
] 4 ol UN|57| - | U|R|sa|T1|A1[15[4]1225
1 :* UN | 65| - |ST|R|Sa|T1|A1[15 41225
1 3 . FR|70| - | C|R|Sa|T1|A1[15 41225
4 e
.
14 P
| NI .1 highly fractured from 14to 15m )
fractures exposed by suspected drill action, fractures
E : + predominantly parallel to CA, no infills, mostly planar
i o surfaces, smooth to rough surfaces
NI
. L
.
_ . -
4 NI o L
.
R12]]| 100 | 51 R4 (1| ®
| . d
. 0 . .
.
15— . —
il 0 DS
.
| b
- *
0 .
| oF
.
B 0 ® 4
R13J)| 95 | 87 R4| I |o (
] U (\Q /
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Project: Teck BRE Tunnel Rehab. FS - U/G Geotech
Project Location: Sparwood, BC

Log of BH-2016BR6027

. Sheet 4 of 15
Project Number: 60444413
ROCK CORE Discountinuity Description
g 3 'g ) § o o
S0 ol |2 S8z 21 E],|E|E REMARKS
Q ° o o o]
%% 22 S qf, 2| 8|c|2|B MATERIAL DESCRIPTION 0|8 5|8 32 % % clelc|§| ANDOTHER
QL 0] | 31228 3 b =8| a|3|5[5|0
meE QE|S|§|9]2|E52 Fl28 8555 f 5| TESTS
| le| x| |lalz]|5 a § zl &
4 e ¢
0 .
7 .o { FR | 20 U|R TO|A1|3]0[1]30
16— < -
| ) o q fractu_re16.0to16.25m M | 89 PL| R TO|AO| 4 |0|1]30
. massive from 16.35to 21.5 m
| . &
. e ¢
rRisl 95 | 87 | © |me| : N
— o
.
| 0 .
| .t
. . L
0 .
| . -
17 * ) . )
] o * ¢ very wide bedding spacing below 17 m
L]
| .
.
| . ot
| .
— . —
.
| 0 .
- L
R14|} 107 | 107 R4| | |e
| . .l
| . ¢
.
18— ' H
B 0 .«
. . L
.
| . . F
7 : [ M |89 PL|SM TO|A0| 4100530 Field Diametral PLT Test:
o qu:189.8Mpa, Type 2
0 Failure
7 °r Field Axial PLT Test:
i * 1 qu:140.2Mpa, Type 2
A Failure
7 0 . Field Diametral PLT Test:
4 . ¢ qu:189.8Mpa, Type 2
. Failure
197 * (
4 0 LI
. * |-
R15]] 100 | 100 Raj LIS
. 0 . .
.
- . M |86 PL| R TO|AO |4 |05 30
7 0 :* UN | 84| - |PL|SM| - |TO|AO|4 |05 30
| . r
| . ¢
. 0 . |-
.
20 . —
B 0 ® 4
.
| .
7 0 :’ M | 89| - |PL|ISM| - |TO|AO0|4|00.530
B .  healed hairline fracture parallel to CA
B . | fracture along bedding plane
i 0 LR
.
-R16]]| 100 | 100 R4| 1 le ¢ healed bedding plane, 89 degrees to CA, medium to coarse
B * { grained below 20.66 m
0 .
| .
21 * -
il 0 °
| : | ?*( M |85 U |sMm TO|AO |4 |0[0530
.
| LG pEN

0\ =\
v

AZCOM
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Project: Teck BRE Tunnel Rehab. FS - U/G Geotech
Project Location: Sparwood, BC
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Project Number: 60444413
ROCK CORE Discountinuity Description
g o 'g 3 § o o
S0 o0 N a8 gz sl |5l REMARKS
1 ° ° 2 S|
S8 28| 2|5 =| 3|22 MATERIAL DESCRIPTION <% 5|2 &2/& | ||| ANDOTHER
2% 90 3| ol 51822 gls g|g/%|c € 385558  TESTS
WE oE|S|8|8|¢%|s5(2 Flelo €855 N
X | x| & |®a|z|3 @ H £ &
‘R16]|| 100|100 Raj1|S
] 0 * | medium bedding spacing below 21.5 to 22.7 m
i . | FR | 86 PL|SM| - |TO|AO|4|010.5 30
J R ot
B . ¢« FR | 83 U [SM| - |TO|AO| 4 |0[0.530
22— -
1 . FR | 86 U|R| - |TO|AO| 4 |0[0.530
J .t
4 LN
R17 96 | 96 R4| | |e
J . ot
) : | FR | 88 PL| R | - |TO|AO|4|010.5 30
i =
J 1 . ¢
. LI
* { very thinly bedded, induced fractures occur along bedding
7 0 * { plane below 22.7 m
4 LI
23 F
B 0 * ¢
] 1 N | 77 PL|SM| Gr [T1|A1[150.752 30
2 : JN | 71 PL| P |Gr|T2|A2|1|6|2]|30
J 't
4 0 o
Rig|| 103 | 99 Rag 1|1
- 0 : -
J ot
24— o
i 0 .
| ® | healed bedding plane at 24.12 m
: medium bedding spacing below 24.12 m
J . .t
J s
.
B 0 ® 4
L]
4 e
0 .
J ol
25— .
i 0 LR
.
Rig|| 102 | 100 Raig 1 |+ | thinly laminated from 25.2t0 25.7 m
il 0 . [
J L
— L
.
7 1 o ( FR | 67 U|R| - |TO|A1|3|0|2|25
J . L
. . L
0 .
J o
26 * -
.
J 0 .
- L
.
J . s
J . L
—R20|]l 96 | 96 Raig 1|2 |
B 0 .
4 LN
.
L 3
J o L
27 . ar P~
\C e
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Project: Teck BRE Tunnel Rehab. FS - U/G Geotech
Project Location: Sparwood, BC
Project Number:

60444413

Log of BH-2016BR6027

Sheet 6 of 15

ROCK CORE Discountinuity Description
g o 'g 3 2 o o
Q
S0 o0 e g gz §j§ NEE REMARKS
[0 o 4 ° | o El Sl w
Se g8 (2| 5| | 2|Z|elB MATERIAL DESCRIPTION ol 5|33 5|2|2|, |4lc/5| ANDOTHER
oo oo ||| 5| 5|52]S e8| 3|85 8 8°°P8 TESTS
We oE| S| 3| g| 8|e|8|e Sl o £ 8E 5 2
X | x| & |®a|z|3 @ E £ &
27 <
J 0 .
4 LR
R20Q]| 96 | 96 R4/5 | |®
| . . -
4 LI
.
o ® 1 coarse grained below 27.5 m
| . d
. . L
L]
| . ¢
. o * ¢
.
28— o«
J 0 o ¢
.
R21{} 93 | 73 R3| I |®
| . d
| ! .o q IN | 81 PL| R |Gr|T2|A2|3|8 6|20
. IN | 44 U |VR|Gr|T2|A2[3|6|6|20
- . UN | 62 PL| P |Gr|T1|A2|3|6|6|20
| 3 . q ) IN | 76 U|P|Gr|T1|A2[3|6|6|20
« { COAL rich SANDSTONE from 28.58 to 28.85
| N UN | 85 U|VR|sa|T1|A1[3|3]6|25
. UN | 86 U|R|Gr|T1|A1[3|3]6|25
| . d
3
R COAL seam, lustrous black, coarse
29 multiple discontinuity on coal along bedding plane, typically 86
degrees to CA, undulating rough to very rough, un altered, no
1 NI infill, A4 to A5 openness
1 NR
B 5
Re2|]l 86 | © R1/311-I1l
7
30 el
NI SHALE
7 grey to dark grey, very fine grained
E slightly to moderately weathered (lI-11l), very weak (R1) to
B moderately strong (R3)
NI suspected shear (slickeslides and polished faces) zone from IN | 86 PLISM| - |T11A111]0)320
1 30t0 30.5m
n . SH | 87 U|R|G|[T4|A3[1|-|6]|10
NI localized sandy SHALE
FR | 79 PL|SM| - |T3|A3|1|-|6]10
1 FR | 81 C [sM|cm|T1|A1|1]4]6|25
| SH | 69 I [sM|{Cm|T1]|A1]1]4|6|25
4 SH | 82 PL|SM|Cm|T1|A1|1|4|6|25
1 UN | 75 PL|SM|Cm|T1|A1|1|4 6|25
31 UN | 76 PL|SM|Cm|T1|A1|1|4|6]|25
s BD | 85 PL|SM|Cm|T1|A1|1|4 6|25
1 FR | 80 PL|SM|Cm|T1|A1|1|4 6|25
B SH | 72 PL|SM|Cm|T1|A1|1|4 6|25
|R23]] 100 | 29 R3 | -lII UN | 82 PL|SM|Cm|T1|A1|1|4|6|25
5 FR | 80 I [sM|cm|T1]|A1]1]4|6|25
i FR | 83 I [sM|cm|T1]|A1]1]4|6|25
BD | 89 PL|SM|Cm|T1|A1|1|4|6|25
B 5
SH | 52 I | R|Cm|T1]|A1]1]4|6]|25
1 4
32 SH | 72 I |R| G |13/A3[3|0|9]10
1 4 UN | 39 ulp T2|A2|3 0|9 |10
| IN | 56 1P T1|A1[15/3|9 |10
o5 | 66 UN | 33 PL| P | st|T1|A1[15/3|9|20
R24 R3| Il
] 3 1 BD | 80 U |sMm|st|T1|A1[2|3]9|20
P\? BD | 84 PL|SM| st |T1|A1|2|3|9]|20
1 1 (\Q / '
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Project: Teck BRE Tunnel Rehab. FS - U/G Geotech

Project Location: Sparwood, BC

Log of BH-2016BR6027

. Sheet 7 of 15
Project Number: 60444413
ROCK CORE Discountinuity Description
S . HBE i |ole
=0 co| o2 S 18| 21 E],|E|E REMARKS
1 ° ° 2 o]
S €821 5| | 7|5|23 MATERIAL DESCRIPTION o|%l 518382 /E| . 5| ANDOTHER
9 [0 S S| ale|e -3 b = @ [D5|5| 0
me BE|[S| 8|9 3|El5]2 Fl2 88|z g5 i 5] TESTS
| |c|c|a|lz|3 a E Z &
] o || B
33— ;f BD | 87| - |PL|SM| - [T1|A1|2|3|9(20
[Real] 95 | 66 | , |R3|HI=
1 g, BD |85 | - |PL|SM| - |T1|A1|1|3]9|20
| ) =
| ; = thinly laminated, moderately strong (R3), fresh (1) below 33.5
] ;fm FR|84| - | U|SM|st|T1|A1|3|3]3]|25
| . =
34— gf BD 88| - |PL|SM|St|T1|A1|3|3|3|25
, 0 — BD |86 | - |PL| P |St|T1|A1|1|0]3]25
| — IN | 66 I |R| - |TO|A3|15]-|3|25
R25|) 71 | 45 R3| HI =]
2 =
| NI =
| " =
a5 —
99 ]
il 0 =
| . g,
1 1 =5 FR|87| - |PL| R|St|T1|A2|15/3]4|25
‘Res]| 100| 95 R3| =
7 1 — BD | 85| - |PL|SM|St|T1|A2[15/3 4|25
36— —
B 1 E,
1 = OIN 11| - | c|R|st|T1|a1]153|a|25
a 1  —
NI ; randomly oriented healed calcite veins (<2 mm) from 36.5 to
] = 38m
] = UN 78| - | u|sm|st|T1|a1|2 43|25
2 —
37~ =
B 2 = FR|72| - |U|R|G|T4|As|3|-[3]0
Rerl] 100 56 N R3|HI = FR|88| - |PL|R| - [T4|A2|3|-[3]0
| 0 =
* o || B
38 if a‘
4 0 —
R28[} 99 | 75 R3 |-l = ?
1 | (\QPV FR|85| - | I |R|St|T1|A2|3|3|3]|25
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Project: Teck BRE Tunnel Rehab. FS - U/G Geotech
Project Location: Sparwood, BC

Log of BH-2016BR6027
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Project Number: 60444413
ROCK CORE Discountinuity Description
g o 'g 3 2 o o
Q
S0 ol |2 3182 8 E|, |5 REMARKS
(] [e) < ° lo =) RG]
°s &8\ 2 | 5| =|%|:|2l5 MATERIAL DESCRIPTION o|%| |5 5822 5| ANDOTHER
@ [ 3 | 5|38 2|5l 9|8 =lglePPP|8 TEST
me BE|[S| 8|9 3|El5]2 SEEIHETEHE NN STS
¥ | o X| &£ |a|2|3 E El&
] . =8
| ] FR | 81 PL| R TO|A2|3 (33|25
resfl 99 | 75 | T |Ra|rm
39 IN | 44 C |sM|st|T1|A2[1|3|3|25
) 2 IN | 60 I St |T1|A2|2(3]3|25
g = SH | 81 I St |T1|A3|2(3]3|10
1 3 Bt COAL infill, suspected shear zone from 39.28 to 39.36 m BD | 85 PL|SM| St |T1|A2|1|3|3|25
o SILTSTONE - shaley
] light to dark grey, very fine grained, laminated, pyrite bearing
B + fresh (I), moderately weak (R2) to moderately strong (R3) IN | 85 PL|VR -|A2]3[1]3|25
interbedded with laminated to thinly bedded SANDSTONE
b 3 r FR | 20 PL|VR - |A2]3]1]3|30
40— SH | 90 PL| K | Gr[T1|A1[15/ 1|3 |10|Field Axial PLT Test:
7 4 SH | 90 PL| K | Gr|T1|A2(15/1|3|10|qu:49Mpa, Type 6 Failure
4 FR | 90 PL| R | Gr|T1|A2| 2|13 |10|Field Axial PLT Test:
R29]|| 87 | 61 R2-3 | SH| 4 PL| K | Gr [T1|A1(05 1|3 10| qu:49.7Mpa, Type 2
, Failure
4
E 0
1 NR
41 — ) . )
o randomly oriented quartz and calcite stringers below 41.0 m
B BD | 90 PL| R - |A2]15/1|3 |25
i BD | 90 PL| R - |A2]15/1|3 |25
2
] 2 BD | 90 PL| R -|A1]2]1]3|25
SH | 87 PL| K |Gr[T1[A1|1|1]3]10
R30[} 100 | 79 R4| |
7 4 — SH | 45 PL| K |Gr|T1[A2|1|1]3]10
42 L FR | 10 PL|VR|Ca|T1|A1|3|1]3]30
B 1 L
b 1 r IN | 85 PL|VR -|A1]3]1]3|25
i 0 L
B . L
7 r co | 85
SH | 85 C|P|Gr|T2|A2[1[1|3]10
43— —\sharp contact at 42.97 m
E 2 I SHALE SH | 90 PL| K |Gr|T2[A2|1|1]3]10
1R31 97 | 73 R5| | L dark grey, very fine grained SH | 90 PL| K |Gr|T2|A2|1]1]3|10
i | fresh (1), very strong (R5) SH | 90 PL| K |Gr|T2|A2|1]1]3|10
4 massive with local SILTSTONE/SANDSTONE interbeds, SH | 85 PL| K | Gr|T2|A2|1[1|3|10
B - below 42.97 m IN | 45 PL TO|A1|1.5/1 320
_ L IN | 50 PL| P |Gr|TO[A1[15/1]3|20
SH | 90 PL| p|Gr|T2[A2|1|1]3]10
7 5 ‘( SH | 90 PL T2|A2|1[1[3|10
1 0 = (\QF/‘
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Project: Teck BRE Tunnel Rehab. FS - U/G Geotech
Project Location: Sparwood, BC

Log of BH-2016BR6027
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Project Number: 60444413
ROCK CORE Discountinuity Description
CC; o 'g Fy § o o
=0 co| o2 S8z 21 E],|E|E REMARKS
Q ° o o ©
52 *%% —~ g = 8l<|E8 MATERIAL DESCRIPTION g |8l 52| 25|% %|sslc/§| AND OTHER
- y 5 ° = ] 250
meE QE|S|§|9]2|E52 Fl28 8555 f 5| TESTS
| le| x| |lalz]|5 a § zl &
R3]}l 97 | 73 RS| | =
44 —gradational contact over 0.05 m below 44.1 m co | 90 c
| 0
SILTSTONE - shaley
7 [ light to dark grey, very fine grained, laminated VN | 0 PLI - | St{T1/A0| - |- |-
g + fresh (I), moderately strong (R3)
i 0 | interbedded with laminated SANDSTONE
calcite stringers, fractures exposed by suspected drill action
i 0 L
‘Ra2||l 1001 100 T
b 1 F=— IN | 90 PL|R| - [T2[A2(15/1]2]|20
45— FR | 90 PL| R - |A0j15|1|2]|25
b 2 M |45 1| R - |A0|15/1]2(30
] 0 Field Axial PLT Test:
B qu:197.8Mpa, Type 2
Failure
| 0
b ] F— FR | 10 PL|VR|Qz|T1|A0|3|3|1]|25
b — UN | 86 ST|R| - |T0|AO|153 1|20
46 1
i 0 I
| — UN | 83 PL|SM| - [TO[A1]|1|3]1]20
R33]]| 100 | 61 R3| | IN | 87 PL|SM TO|AO|1[3]1]20
1 2
| * \healed contact 87 degrees to CA
i ¢ * T SANDSTONE FR| - | - | 1|R|-|T0| - |15/3]1]30
7 : I light grey with dark grey interbeds, medium grained,
| ) o { laminated
| n « { fresh(I), strong (R4)
.
47 = ShALE FR[-| - |1 |R]|-[T0]-|53[1]3
i 1 e T— . .
dark grey, very fine grained
g fresh (I), moderately strong (R3) FR |87 PLI R - |TO - (183120
1 0
b SH | 85 PL| K | Gr|T1|A1[15/1|6|10
7 . FR | 85 N AR .
| s COAL infill at 47.5 m
7 SH | 65 PLI K| -|-[A1]051]6]10
R4l 81 ) 50 R3| | SH | 45 U|K|Gr|T2|A2/05/1|6|10
5 slickenslides shear zone from 47.81 to 47.99 m SH | 65 U | K|Gr|T2|A2[05/1|6]10
7 SH | 45 U|K|Gr|T2|A3/05/1|6|10
48—
| 1
| IN | 30 PL| R - |A1]15/1]6|25
1 1
] NR suspected COAL seam
4 FR | 80 PL| R 15/1]|- |25
1 NI
) SILTSTONE/SANDSTONE interbed from 48.88 to 50.0 m
49—R35[]| 85 | 63 \ R3| 1 SH | 90 PL| K [Gr|T2|A1]|1]1]3|10
i 1 ?‘( FR | 80 PL| R A2(15|1]- |25
ar P~
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Elevation,
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Depth,
meters

DRAFT C:\USERS\OSHATIS\DESKTOP\BRE\GINT\6044413 BRE TUNNEL FS_UNDERGROUND GEOTECH-DRAFT LOG-01.GPJ URSSEA3.GLB BRE TINNEL FS.GDT 10/27/16

ROCK CORE

Run No.

Recovery, %
RQD, %
Fractures/0.25m

Strength Index

Weathering Index

Discountinuity Description

MATERIAL DESCRIPTION

REMARKS
AND OTHER
TESTS

Infill Type

Type
Alpha, °
Beta, °
Surface Shape
ISurface Roughness
Thickness Rating
Openess Rating
Jr
Ja
Jn
Jcon

50

o

60 | 31
NR

NR

NR

R2/4

across core diameter

[ A AL ithotogy

7becoming silty SHALE, fine to platy grains, COAL inclusions

COAL
black, fine, lustrous, moist

R2)
fragmented

52—

NI

NR

NR

NR

NR

NR

RO

53

NI

NR

NR

NR

NR

NR

RO

wet, gougey texture below 53.20 m

TR39

55—

NI

26| 0 |\

NR

slightly weathered (Il), very weak to moderately weak (R1 -

fragmented to crushed recovery from 54.5 to 56.47 m

[
z
o
©
c
Y

- Gr |T1]A1|30.754 |25
SH |88 | - U | K|Gr|T1|A11.50.
Co |82 - U |VR|Gr|T3|A3|3|6|4]|10

b
~
=
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ROCK CORE Discountinuity Description
g o 'g 3 I o o
Q
S0 -0 = g éE :’égwég REMARKS
[0 o 4 ° | o El Sl w
5s &o| 2| 5| =| 2|53 MATERIAL DESCRIPTION o5 5|5 5 822, /< 5| ANDOTHER
°@ [ 3 -l 3|32 25| @ |8 =lglePPP|8 TEST
me BE|[S| 8|9 3|El5]2 SEEIHETEHE NN STS
X | x| & |®a|z|3 alz £ &
1 NR
R39|l 26 | O | \g RUQHI
1 NR
56 ) ’
NI fine, moist from 56.0 to 56.47 m
1 NI
4 co|76| - | I |WR| - |To|A3|3|0|3|25
FR|82| - | I |WR To|A2|3|0|3|25
7 coarse, COAL/SILTSTONE, moderately strong (R3), grey, UN | 89| - |PL|R| - |To|A2[1.50]|3|25|Field Axial PLT Test:
1 NI fresh from 56.47 to 56.6 m qu:15.4Mpa, Type 6
i lustrous black, fragmented moist, fine COAL below 56.60 m Failure
R40Q)| 47 | O R1| 1l
NR
57—+
| NR
] NR Field Axial PLT Test:
B qu:16Mpa, Type 5 Failure
4 NI
1 NR
58—
4 NR
Ratll 24| 0 Ro| I
NR
| NR
1 NR
59
4 NI
i IN | 69 U|R| - |T0|A2|3|0|3]|25
q NI JN | 89 U |VR| - |TO|A2|3|0|3|25|Field Axial PLT Test:
4 coarse below 59.34 m JN 80| - | I |R| - |TO|A3|3|0]|3]|25| qu:4Mpa, Type 2 Failure
i UN [ 82| - |PL|VR| - [TO|A3|3|0|3]|25
| NR
Ra2lll 31| o R1/2 I
NR
60—
4 NR
1 NR
N fine, moist to wet below 60.5 m ’(
R43l} 19 | O R1/q1I-ll Py

0\ =\
v

AZCOM
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ROCK CORE Discountinuity Description
5 . HNE i |olo
Q
=0 co| o2 S 18| . 21 E],|E|E REMARKS
=2 =] ©
S8 B 2| 5| =|3|E]23 MATERIAL DESCRIPTION ol 5|23 5|5 % c|alc| 5| AND OTHER
oo oo ||| 5| 5|52]S A IR R ik TESTS
we o 58| g 8|elEls Flelo €855
X | x| & |®a|z|3 @ H £ &
1 NR
61—
| NR
Ras|l 19| o | ™R Rugim
E NR
1 NR
62
E NI
1 NR
| NR
R44ll 24 | O R1| |
NR
63—
E NR
1 NR
NI low recovery of fragmented COAL/SHALE interbeds, fresh (1),
] extremely weak (R0) to moderately strong (R3) below 63.5 m
1 NR
64—
| NR
R45() 53 | 10 R1| |
" SH | 72 PL| K |Gr|T1| - |05/1]3|10
7 SH | 90 PL| K | Gr |T2|A3[05|1|3 |10
- FR | 87 1| R|-|-|-151]3]20
s FR | 86 I|R|-|-|-|151]3]20
7 SH | 72 PL| K | Gr[T1|A3(05| 1|3 |10|Field Axial PLT Test:
4 SH | 75 PL| K | Gr|T1|A3/0.5/ 1|3 |10|qu:14.3Mpa, Type 2
4 FR | 87 PL| R | - | -|A4|15|1|3]|20|Failure
5 SH | 65 PL| K | Gr|T1|A3[05/1|3 |10
B IN | 68 I|R| -|-|A2|1]1]3]20
65 co | 9 PL| R |Gr|TO| - |-|1|-|25
slickenslides observed at 65.0 to 65.13 m FR| 0 PL| R | - |-|A3[15 10525
b 5 " SH | 68 U | K|Gr|T2|A3|3|2|3|10
1 | ‘sheared COAL/SHALE contact at 65.13 m UN | 78 PL| R | Gr|T1|A1|15/1[3|25
| | SHALE - silty SH | 75 PL| K | Gr|T1|A1[15)1]3 |10
] 4 ?arkhgliey, v%ry flnel grained R3 SH | 68 1| k| er|T1|a1]1501|3]20
resh (1), moderately strong (R3) FR | 80 PL|VR - |A1|3]1]3]25
FR | 80 PL|VR - |A0|3[1]3]25
7 3 BD | 68 PL|SM| Gr|T2|A1|1|1|3|20
Ras|ll 97 | 56
| SH | 80 PL| K | Gr|T2|A1]1|1|3|10
4 SH | 52 PL| K | Gr|T1|A3[15/2|3 |10
b IN| 5 PL| R - 115/2(3]20
66— FR | 80 PL| R A1]15/ 13|25
i 5 IN | 10 PL| R A1|15/2(3]20
FR | 80 PL|R| - |-|A2[15/1|3|20
b SH | 60 PL| K | Gr|T3|A3(05/3|3 |10
| SH | 55 PL| K | Gr|T3|A3(05/3|3 |10
5 = o\
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ROCK CORE Discountinuity Description
g o 'g 3 § o o
S0 ol |2 S8z 21 E],|E|E REMARKS
1 ° ° 2 o]
%% 22 = qf, 2| 8|c|2|B MATERIAL DESCRIPTION 0|8 5|8 32 % % clelc|§| ANDOTHER
- = slo| L - e -
mwe Ae|S|8|5]3|E5|2 B2 & &g 857705 TESTS
¥l | x| |g|2|5 b § H
B — BD | 80 PL| R |Gr|T1|A2[15]2|3]25
Rés|] 97 | 56 = FR | 80 PL|R| - |-|A1|1]1]3]20
| 1 | FR | 87 PL| R | Gr|T1|A0|15/1|3]|20
VN | 87 PL| - |Qz|T1|AO|-|-|-]|-
1 T FR | 90 PL| R | Gr|T1|A0|15/1|3]|20
| | SH | 65 PL| K | Gr|T1|A0|15/1[3]|20
67— —contact with SANDSTONE/SILTSTONE/SHALE crossbeds 70
| | degrees to CA from 66.95 to 67.70 m
SANDSTONE is light to dark grey, very fine to medium N 75| - JPLYRY - |- [AT]15)213125
TRa7 93 | 88 [ grained, moderately strong (R3)
: : SH [89| - |PL| K |Gr|T2|A3/05/2|3]|10
| L FR|90| - | I [VR]| -|-|A0[3]1]-][30
: : contact, 65 degrees to CA, irregular at 67.70 m
68 ] i localized pyrite inclusion
1 - SH |87 | - |PL| K |st|T3|A3/05/2[3]10
1 T SH[70| - | C|K|Gr|T2|A3)05/2|3]|10
1 " FR |8 | - |PL|VR| - | -|A0[3[1]|3]25
- — SH |8 | - |PL| K |Ox|T1|A2|1]|2|3]10
b [ SH|65| - |PL| K |Gr|T2|A3(05/2|3]|10|Field Axial PLT Test:
Tras]| 98 | 82 | I o [es| - P R| - |- |as]1s]1]3|20|T-2Mpa, Type 2
b | N | 72| - | C|sSM|ch|T2|A1|1]1]3]20
69— —
UN 84| - | I | R|St|T2[A1]1]1]|3]20
b [ SH | 37 PL| K [Gr|T1| - |05/ 1|3 |10
1 r FR|87| - |PL|R| - |-|A0[15/1]|3]25
B becoming very silty, SILTSTONE/SHALE interbedding below
1 [ 69.5m
1 " M | 89 I [vR TO|A0| 4 | 0/0530
70; ;drill exposed fracture parallel to CA from 69.9 to 70.2 m FRIOJ - |PLI R - |TOjA0}4) 00530
‘Ras|| 101 | 100 i
E I healed stepped contact of SILTSTONE/SHALE interbed 90
i | degreesto CAat70.74 m
71 —
—Rs0]]| 105 | 91 I —
7 [ platy shale grains below 71.77 ?‘( sHles| - |ulK|cr|T3|A2l056]4]|10
1 r i& SH [89| - |PL| K |Gr|T2|A1|05/6|4]10

0\ =\
v

AZCOM
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ROCK CORE Discountinuity Description
g . El |z 8 |
Q o
Se colo| 3| [5]3 S REMARKS
= =) Slw
28 B8 | 2| 5| =| 3|23 MATERIAL DESCRIPTION o8| 5|5 3|5 %] | |5| AND OTHER
Lo o0|c| 8| 5| 2223 e|5 3 8|S z8 8728 TESTS
we 0| 5(38| a| §|&|3|s Pl o | g8 E g s
79 || x| |33 HEHEREE
= observed shear is perpendicular to joint plane at 72.0 m NP2 TPLY P TGr I T2IATI057614 110
E 2 . - ) ) SH|78| - | U|K|Gr|T3|A2[056/|4]|10
| vein (coal infill) healed, approximately 1 mm thick, 88 degrees |y |gg| - | - | - | &r|T1|n0| 4075430
rso|]l 105 | 91 R4 kI toCAat72.09 m FR|84| - |U|R| - |T0|A0|4|0|4]|30
1 0
| FR|[8| - | U|R|Gr|T2|A2|3|6]9]|25
s trace clay, trace oxidation below 72.5 m IN[77| - |U| P |Gr|T2|A2[15/6|9]|20
7 r SH |8 | - | U|K|Gr|T2|A2[156|9]|10
4 UN [ 89| - | I |VR|Gr|T4[A3|1 |10[9]|20
] UN [ 89| - |PL|R|Gr|T1|A2[150.759 |25
3 JN | 69| - |PL| R |Gr|T4|A3|1 |13|9|20|Field Axial PLT Test:
B b d sh . Lo . I dicul IN | 74| - U |SM| Gr|T1[A1|1|6|9]|20|qu:110.4Mpa, Type 2
73 observed shear orientation is approximately perpendicular to R ls2| - |pLlR Tola1l 30|25/ Failure
joint at 72.89 m FR|85| - | U|R| - [To|at1]3]0|9|25
B 2
FR|8| - |U|R To|A0| 4|09 |30
B FR|[81| - |U|R TO|A1|3[1]9|25
R51]}| 101 | 56 R4 |I1-111
7 1 fracture along undulating shear plane, trace oxidation on
g surface at 73.27 m
B M |84| - |U|R To|A0| 4|09 |30
E 2
FR|8| - |PL|R TO|A1|3|0|9|25
7 SH|80| - |PL|P T4| A4|0.5/13| 9 |10
4 L UN 85| - |PL|R| - [TO|A2[15/0]9]|25
6 UN |88 | - |PL|P|Gr(T3|A2|1|6]9]|20
] = X . i UN|[64| - |U|P|Gr|T3|A2(1(6]|9]|20
74 —— healed fracture running parallel to CA, thinly laminated below INI70] - | ulsmler|T2la2lislelgl2s
| 3 73.93m ) - UN [ 87| - |PL|SM| - [TO[A2|1|0|9]|10
becoming shaley SILTSTONE, gradational transition, very UN|79| - |PL|P|Gr|T1|A2|1|2]9]20
g fine grained, grey, oxidized along weathered planes thinly FR |85 | - |PL|R|Gr|T1|A1152|9]|25
| laminated below 74.0 m FR|74| - | 1 |VR|Gr|T4|A4|3 [10/9]|20
5 <1 mm micro vein 90 degrees to CA between 74.1 and 74.25 JN[65| - | U|R|Gr|T5/A3|3 [10/9|20
7 m VN |66| - | -| - |Gr|T1|A0| 40759 |30
- fractures below 74.1 m are along existing weak FR|67| - | U|VR|Gr|T4|A3|3[10/9|25
i 2 planes/bedding planes with coal infill SH|68| - | C|K|Gr|T3|A3[15/6|9|10
randomly oriented veins (COAL infill) predominantly 90 SH| 73| - | UJVR|Gr|T3|A2|156 910
7 degrees to core axis below 74.47 m JN 190 - | PL) R|GrT2/A2]15/6|925
|Rs2]} 100 | 77 R4/5 1l UN [ 90| - |PL|SM|Gr|T1[A1]|1|2]9]|20
2 UN [ 79| - |PL|SM|Ox|TO[A1|1|1]9]|20
g UN [ 80| - | U |SM|Ox|TO[A1]|2|1]9]|20
75—
B 0
B . L
0 SILTSTONE - shaley
7 I— grey, fine grained, trace oxidation
4 + fresh (1), moderately strong (R3)
B . il
76— —
i 1 -
FR|[34| - |U|R TO|A1[3|0[2|25
R53(} 100 | 71 R4/5 1l
2 SH|42| - | U|P |Ox|TO|A1[2[1|2]10
b SH|37| - | U|K|Gr|T1|A1[156|2]10
| | suspected shear zone, slickenslides, mineralization and
N polished surface from 76.43 to 76.72 m
B L SH|60| - | U|K|Gr|T1|A1[156|2]10
E F SH|40| - | U|P |Gr|T1|A1[15/6|2|10
| 3 SH|42| - |PL| R |Gr|T2|A5[1.5/6 2|10
7 — SH |40 | - |PL| K |Gr|T2|A2[053 2|10
i 1 L
SH|45| - |PL| K |Gr|T1|A3[053 2|10
Ro4) 97 | 88 | 5
i — 1 SH |40 | - |PL| K |Gr|T2|A2[053 2|10
] 0 =1 contact at 55 degreemg/
V=

— AZCOM
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Project Number: 60444413
ROCK CORE Discountinuity Description
c o 'g 3 2 o o
20 ol |2 8 13|2 35| |52 REMARKS
1 ° ° 2 o]
%% 22 2| 8| =|3|:|23 MATERIAL DESCRIPTION 0|8 5|8 32 % % clelc|§| ANDOTHER
o ) - = =4 N ) o - =8| o |P>>0
LE oe|S5|8|5]| 8|5/5]2 SEREIEIELE 3| TESTS
| le| x| |lalz]|5 a § zl &
| |—1 transitions to slightly weathered (ll), interbedded, laminated
I——{ SANDSTONE/SILTSTONE/SHALE (limey) from 77.53 to
) 0 I—1 78.20m
78—
Reall 97 | 88 | , Redn FR | 75 PL|R| - [TO[A0[15/0(3 |25
i transition back into muddy SILTSONE, dark grey, very fine to
7 0 _7 fine grained, moderately strong (R3), fresh, coal laminations
R [T—1 below 78.20 m
N END OF BOREHOLE AT 78.5 m ABOVE TUNNEL ROOF
7 [ IN SILTSTONE.
J + Notes:
i | 1. Borehole termination at 78.5 m in SILTSTONE.
2. Seepage observed from borehole after drilliing completion.
7 r 3. Installed Bradley Plug at approximately 4 m above tunnel
79— Lroof.
4. Geophysical survey (Optical, Gamma and Orientation) of
il | borehole was completed.
b r 5. Borehole closed with cap and valve with tubing and
i | presure gauge.
5. Pressure gauge monitoring:
7 [ - September 09, 2016 - 0 kPa.
- - - September 10, 2016 - 0 kPa.
i L - September 11, 2016 - <10 kPa.
- September 12, 2016 - <10 kPa.
1 r - September 19, 2016 - 70 kPa.
80— —
81— —
82— —
N ] B!
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Project: Teck BRE Tunnel Rehab. FS - U/G Geotech

Log of BH-2016BR6028

Project Location: Sparwood, BC
. Sheet 1 of 3
Project Number: 60444413
Bﬁﬁi(g) 09/11/2016 Ié?/gged Dave F. & Nicholas B. gce‘:ked Marty McCabe
“Dﬂgltl;‘rg% Rotary Diamond Drilling girz'I(L/B-;-':,pe HQ3 - 61 mm -Il;?itl?eldD(enEEar;ers) 10.5
'IQ)CIp”eng Boart LM 55 gglr?t?gctor Boart Longyear éﬁ?fg)cxénllf?é?/ation
Groundwater Borehole : Inclination from :
Level Backfill Cap & Valve with Pressure Gauge Horizontal/Bearing Vertical
Location EVO - Chainage ~874.4 m, 4.35 m to Tunnel Floor from Collar, Top Roller No. 551 Hammer Data N/A
ROCK CORE Discountinuity Description
c . £ x 4
2o ol |2 SEEHE g £ |22 REMARKS
1 ° ° 2 o]
°e 25|25 =|%l|523 MATERIAL DESCRIPTION o|d |55 E2/&| | |s| ANDOTHER
me 88|s|8|9]2|E:E £|8 2|8 58 k8| TESTS
= = o -
|| el £ 5|23 HEBEE
0 — I
i 10 SHOTCRETE FR I | R |Ox|T2 15(4|-|20
1 \fracture zone from 0.17 to 0.29 m | s0 oLl R adl15lal6 |25
1 15 SILTSTONE JN - 30 PLI R - | - |A4115 3625/ Fielq Diametral PLT Test:
i L grey, very fine to fine grained, laminated FR | 30 I'| R|Ox|T3| - 15|36 |25|qu:94.8Mpa, Type 5 or 6
moderately weathered (IIl), weak (R2) to moderately strong IN | 64 PLIVR| - | - |A2]15)2 |6 |25|Failure
B | (R3) FR | 72 I | VR -|A4|3|2]6|25
1R1 70| 9 5 R2/3 Il [_T trace oxidation, moderate to highly fractured core N | 40 pLl R |st|T1]a3l15 2620
i | silt and clay mineral infill within fracture, dominant fractures N | 42 pL| R | st|T1] A3 1:5 21620
| | are 65 and 30 degrees to CA FR | 65 I | R |cm|T2|A3]15)3 6|20
NI fracture zone from 0.41 to 0.47 m
R + fracture zone from 0.77 to 1.20 m
17 -
1 NR ¥ FR | 30 PL| R |cm|T2| A1 153 6|20
L UN | 72 I [VR|Cm|T1|A2|3|2|6|20
FR | 30 I [VR|Cm|TO|A3|4|2|6|20
1 r FT | 45 PL|SM|Cm|T5|A3[1|2]6|0
|R2 |/ 100| O | 20 R173 | suspected fault zone from 1.30to 1.43 m N | as oL R lomlT1 83115 26| 0
IN | 40 PL| R |Cm|T1|A3[15/2]6| 0
JN | 35 PL| R [Cm|T2|A3[15/2|6| 0
B 11 UN | 45 PL|VR| - | - |A2|3|1|6]|20
- JN | 85 I [VR| - | -|A2|3|1|6]|20
] UN | 35 PL| R |Ox|TO|A2|15/2 6|20
13
7 JN | 35 PL| R A1]15/1|6|20
2 FR I [sM| - | -|As|1]2]|6]|20
| 20 | suspected fault zone, notable gouge from 2.01t0 2.12m FT | 30 PL|SM|Cm|T5 A1/01/6|0
IrRsll 41| o RO/ Il [
NI
| NR
1 NR
3 JIN | 65 I |VR - | A4| 3|2 |6 |25|Field Diametral PLT Test:
B NI qu:9.4Mpa, Type 4
| JN | 45 ST | VR A2|3|2|6|25 Failure
| fracture zone from 3.2t0 3.43 m
20 FR |0/90 I [VR|Cm|T2|A2|4|2|6|20
) — FT | 40 PL| R |cm|T5|A2|0|1]6|20
- - suspected fault zone from 3.44 to 3.53 m IN | 45 pLI R |cm|T3|A3] 311630
i NI | suspected fault zone with gouge and fractured core from 3.49
t0 3.53 m
Irall 43| 0 Roq 11 [—
NR
47 L
B NR L
1 RRSNE 3!
1 - FR [ R 152625
— (\RPV
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Project: Teck BRE Tunnel Rehab. FS - U/G Geotech
Project Location: Sparwood, BC

Log of BH-2016BR6028
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Project Number: 60444413
ROCK CORE Discountinuity Description
c . £ 5 4
20 o ® SRR gl 2| |22 REMARKS
— Nt o S - [<} = o ° © o |®| R
%% 22 = g 2| 8|c|2|B MATERIAL DESCRIPTION 0|83 3 2 €| | |_ls| AND OTHER
QL 0] | 31228 3 b =8| a|3|5[5|0
LuEDE%§8g§§_§ 13'?%35%2%% S TESTS
X | x| & |®a|z|3 @ E] £ &
| 10 —1 fracture zone from 4.5t0 4.62 m
1 0
) IN | 80 C | R |Ox|To|A1[1.5(2 6|25
5+ IN | 42 PL| R |Ox|TO[A1|1|2]6|20
g NI - FT | 54 PL| R |Cm|T5|A4|3|2|6]|10
suspected fault zone, gougy and fractured recovery, oxidized
4 = from 5.07t0 5.71 m
RS 47 | 25 RO/Z 1lI
NR
i NR FT | 54 I [VR|Cm|T5|A4|4 (2|6
) NR Field Axial PLT Test:
4 qu:82.7Mpa, Type 5
~ Failure (Reamed < 6m)
° u becoming sandy SILTSTONE, light to dark grey, thinly FT |40 PLI R |CmT5 A41152 6/ 0
7 I laminated below 6.0 m
E bedding changing from 50 degrees to 10 degrees to CA due
] | to suspected fault-related block rotation IN | 26 PL| R |Cm|T2|A1115/2)6]0
15
b Field Axial PLT Test:
— FR I | R|Cm|T2|A4(15/2|6| - |qu:115.1Mpa, Type 6
Failure
1 15 Field Axial PLT Test:
| IN | 45 PL| R |Ox|T1|A2152|6 | 25| 4 86 7Mpa, Type 2
R6 65 | 23 RO/A11-II IN | 60 PL| R | St|T1[A2(15/2|6|25|Failure
B IN | 60 PL| R | St|T1/A2(15/2|6|25
i NI IN | 60 PL| R | St|T1/A2(15/2|6|25
. IN | 60 PL| R |Ox|T1|A2(15/2|6 |25
B 2
1 NR
1 FR | 40 PL| R -|As|4|2]3|30
IN | 50 PL| R - |A3]15/1]3 |20
R 5 f;nsest?orgegirl:]m grained, thinly bedded SANDSTONE from N | 38 clr laslisl213]20
i fracture zone from 7.75 to 8.0 m, includes re-drilled rock e ol n NN
1 NI [ fragments due to borehole caving
4 contact at 7.55 m, 50 degrees to CA
87
B NR
rR7)l 33| 9 R2/4 1l
NR
B NR
1 NR
g -
] NI dark grey, very fine grained, weak rock (R2) below 9.0 m
B i L
Irs |l 100! o n R121 SHALE
] [ dark grey, very fine grained to platy
4 + fresh to moderately weathered (I-1l), extremely weak (R0) to
i | moderately weak (R2)
NI
s D!
] NI =1 (\Q /
\C e
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ROCK CORE Discountinuity Description
c o 'g 3 2 o o
20 ol |2 8|52 35| |52 REMARKS
1 ° ° 2 o]
°s £s12 15| x| 32|25 MATERIAL DESCRIPTION o |5 |5 5/ 8EE, | 5| ANDOTHER
o ) - = =4 N ) o - =8| o |P>>0
we 0| 5|8|5]| 8|8]5|2 S|Z 2§88 g8 S| TESTS
| loe| x| |d(z|5 a § zl &
IR8 |} 100 O | \ R12
END OF BOREHOLE AT 10.5 m ABOVE TUNNEL ROOF
1 [ IN SHALE.
4 + Notes:
i | 1. Borehole termination at 10.5 m in SHALE due to
poor/unstable ground conditions and potential safety issues
b r with caving and equipment damage.
11— L2. Seepage observed from borehole after drilliing completion.
3. Borehole closed with cap and valve with tubing and
b | presure gauge (To be confirmed).
B r 4. Pressure gauge monitoring:
i L - September 09, 2016 - 0 kPa.
- September 10, 2016 - 0 kPa.
7 r - September 11, 2016 - <10 kPa.
— I - September 12, 2016 - <10 kPa.
i - September 19, 2016 - 65 kPa.
12— —
134 —
14— =
15— —
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Project: Teck BRE Tunnel Rehab. FS - U/G Geotech
Project Location: Sparwood, BC

Log of BH-2016BR6029

. Sheet 1 of 8
Project Number: 60444413
Date(s) 09/14/2016 Logged Dave F. & Nicholas B. Checked Marty McCabe
Drilled By By d
Drilling . - Drill Bit Total Depth
Method Rotary Diamond Drilling Size/Type HQ3 - 61 mm Drilled (meters) 39.6
Drill Rig Drilling Approximate
Type Boart LM 55 Contractor Boart Longyear Surface Elevation
Groundwater Borehole Inclination from :
Level Backfill MPBX Horizontal/Bearin Vertical
9
Location EVO - Chainage ~1195.2 m, 4.24 m to Tunnel Floor from Collar, Top Roller No. 772 Hammer Data N/A
ROCK CORE Discountinuity Description
p!
c . £ 5 2
20 ol |2 8|52 gl g2 REMARKS
2 ° ° e 3| &
%% 22 = qf, 2| 8|83 MATERIAL DESCRIPTION o|8| |5 3 5/%2|. gc 5 ANDOTHER
o ) - = A e o b =8| o |P>>0
LE oe|S5|8|5| 8|5/5]2 SEREIEIELE 3| TESTS
¥l le|x|c|ad|z|3 als zl &
0 =Y _SHOTCRETE FR | 90 EREST “TAT[T5] 13|25
| 3 ——
SILTSTONE-ShaIey FR | 90 PL| R A2|15(1|3|25
1 I dark grey, very fine grained FR| 74 PLI R ATI15)113125
+4R1 85 | 78 . IR = fresh (I), moderately strong (R3), gritty fracture surfaces
0
light to dark grey, laminated, moderately strong (R3) to strong
1 (R4) below 0.6 m
: 1 SH | 74 PL| K | Gr|T2|A2|0.5(4 |3 |10
1+ Field Axial PLT Test:
4 0 qu:71.8Mpa, Type 6
| Failure
rRe]l 98 |97 | 1 Re4
7 0 FR | 88 PL|VR -|A1]15/0|3|25
1 0
27
0
1 2 UN | 72 c|R -|A2|3|0|3]|25
1 FR | 55 PL| VR - |Ao15/0[3]30
B 2
SH | 76 PL| K| - |-|A1]054 3|10
1 SH | 34 PL| K | Gr |T3| A2 05103 |10
IRr3 87 |64 | 5 |R4|I SH | 87 PL| K | Gr|T1|A1[05/4|3 |10
] SH | 72 PL| K | Gr |T2| A2|0.5(10|3 |10
37 SH | 65 C | K| Gr|T2|A3|0.5/10/3 |10
R 2 VN | 76 PL Ca|T1|A0|-0753] -
N —1 SH | 90 PL| K | Gr|T1|A2|0.5(4|3|10
— SH | 89 PL| K | Gr|T1|A2|0.5] 4|3 |10]|Field Axial PLT Test:
B qu:48.3Mpa, Type 6
il 2 SH | 88 PL| K | Gr[T1|A1]0.5/4 | 3 |10|Failure
b FR | 90 [ R -|A1[15/0(3]30
8
fracture zone 90 to 25 degrees to CA from 3.6 to 4.4 m
7 I thinly laminated to moderately spaced bedding below 3.6 m
1 8
4i Raf] 93 | 33| |, Re4q 1
RS 3!
—1 (\QPV BD | 89 PL | SM -|A1]1]0|3] -
A )
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20 @ g | 51 5|8|Els 2|55 8%z 885553 TEST
me BE|[S| 8|9 3|El5]2 SEEIHETEHE NN STS
X | x| & |®a|z|3 alz £ &
] — IN | 89 PL |SM A1|15/0(3|25
R4 93 | 33 el FR|8 | - |PL|R| -|-|A0l15/0[3|30
57
4
carbonate stringers, localized limey SANDSTONE beds < SH | 55| - |PL| K |Gr|T1/A1/05/2|310
7 [ 0.20 m thick below 5.1 m
1 3
b SH|60| - |PL|R |Gr|T3|A2[05/10/3|10
4 1
1 UN|75| - |PL|R| -|-|A1|15/0[3|25
R5 89 | 75| 1 R34
6— JN|60| - | C|K|-|-|A1|150[3]|25
| 2 UJN | 87| - |PL| R |Ca| - |A2/15/0[3]|25
| UN | 82| - |PL|SM| - |T1|A1|1]3]3]10
1
B Field Axial PLT Test:
Q qu:83.4Mpa, Type 2
Failure
) Field Diametral PLT Test:
4 qu:61.6Mpa, Type 7
1 Failure
7 Field Axial PLT Test:
7- qu:114.5Mpa, Type 2
UN [ 81| - |ST|sM| - | - |A1|1]0]|3|25|Failure
4 0
Tre|] 93 | 93 | 0 Re4 1
| 1
| UJN | 85| - |PL|SM| - | -|A1|1]0|3]|25
1 0
87
N ]
* { SANDSTONE - silty, shaley
7 ® 1 grey, fine to medium grained
E 0 ¢ fresh (I), strong (R4), interbedded with SILTSTONE
.
| o
— L
1 .
| o
4 .t FR| - | - |PL|R| -|-|A1|15/0]4|20
. . L
R7 |1/ 105 105| O |R4| 1 |*
| .+
9 ‘-
. FR|10| - |PL| R - |A1|15/0]4 |25
B 2 .o FR|-| - |[PL|{R| - |-|A1[150]4]|20
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.
| . ot
| .t
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4 L
.
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.
.f 3!
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@ [ 3 | 5|38 25| @ |8 =lglePPP|8 TEST
me BE|[S| 8|9 3|El5]2 SEEAETE I STS
| le| x| |lalz]|5 a § zl &
B 0 ® + grey shaley SILTSTONE interbed from 15.7 to 15.9 m FR PL| R [Cm|T1|A2[15/4|3 |25
L]
| ot
16— « (_siltstone interbed with silty SANDSTONE below 15.9 m
] 4 . FR|45| - |PL|SM| - | - |A1|15/0|3 |25
. FR|10| - |U|R|-|-|A1|3]0[3|25
B . FR| 90| - |PL|SM|Cm|T1|A2|15/4|3|10
B 5 ° FR| - | - |PL|SM|Cm|T1|A2|15/4|3|10
.
R12|} 105 | 87 R4 1 |® ¢
! ¢ = FR| - | - |PL|R| -|-|A1|150[3|25
| 4 ° 1 FR|-| - |1|R A1]3|0|3|25
.
| .t
. . L
0 .
| . -
17— *
8 * |
: fracture zone, slickensided core, multi angled core from 17.1
7 ol to 18.6 m
| . ot
| .
— . —
.
| 8 .+
- L
.
Ris|| 83 | 10| 8 [Rre| 1|2
. JN|9| - |PL|R| -|-|A1|15/0[3]|25
18— o { FR[90| - |PL|R| - |-|A150[3|25
B 3 o
. . L
. UN| - | - |PL|R| -|-|A2/15/0]3]|20
] 4 e FR|{90| - |U|R|-|-|A1|3|0|3]|25
- L
. FR| -| - |1 |R|-]|-|A1|3]0[3]30
N o { FR| - | - [PL{SM| - | - |A1]|2|0|3]|25
1 . FR|8| - |PL|SM| - | - |A1|3]0[3]|25
7 :* UN| -| - |PL|R|cCa|-|A2|3]1]3]20
| . .t
. L
.
197 * (
4 1 LI
J :7 FR|85| - | U|sm| - |-|a2|2|0|3|25
| .l FR|90| - | C|SM| - |- |A2|15/0|3]|25
R14[)l 97 | 91 | 1 |R4| 1 |,
.
B .
il 0 DS
.
: BD | 85| - |PL|SM|Cm|T2|A2|15/4|3|25
1
B : L localized grey shaley SILTSTONE interbed from 19.8 to 20.1
— . — FR| - | - | I |SM|Cm|T2|A2|15/4|3|25
20 m
1 LR
* FR|9| - |[PL|R|-|-|A1][3|0]3]|25
| .
b ; :* FR|{90| - |PL|R|-|-|Aat1]|3|0|3]|25
| .t
B .
| 1 e ¢ FR| -| - |PL|R| -|-|A1|3]0[3]|25
.
Ris]| 103 91 Re| 1|0 T
| . ‘!
| .
21— ‘-
B 1 °
| :7 ?*‘ FR|90| - |PL|R| -|-|A1|3]0[3|25
4 ° v FR| - | - |PL|SM|Su|T2|A2|30753 |25
14 . (\QI/‘ ’
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g o 'g 3 § o o
=0 co| o2 33| 21 E],|E|E REMARKS
1 ° ° 2 o]
Ss £8|2| 5| =| 22|23 MATERIAL DESCRIPTION o|¥|% 5 5 &% &| | .|5| ANDOTHER
o ) - = =4 N ) o - =8| o |P>>0
we 0| 5|8|5]| 8|8]5|2 S|Z 2§88 g8 S| TESTS
X | o« (v I 2 = als =
27 < 17} =
B 1 .
. e ¢
. FR | 80 PLIR| - A0| 1010525
R191] 103|100 | , |R3| 1 |e ¢
4 e ¢
.
_ F
0 .
« { light to dark grey, very fine to medium grained, moderately
7 o ({ strong (R3), 1- 10 cm thick silty SANDSTONE and
B o  SILTSTONE beds, fractures occur along silty bedding planes FR|[81| - [PL{SM| - | - |A1]1|0)0525
i 1 e { below?27.6m
.
28— o«
4 0 o L
. . |-
° BD [87| - |U|SM| - |- [A1]|1]|0]0525
B .
3 FR |87 | - |PL|SM|St|T1[A1]|1|00525
Reoffi 98 | 95 R Tl ¢ FR | 87 PL|SM| - | - |AO|1|00525
.
_ . -
B 0 * ¢
L]
B s
i . L FR|[85| - |PL|ISM| - |- [A1]|1]|0]0525
1 L]
B ot
29— . —
1 e+
.
b e ! Field Axial PLT Test:
| .l FR |88 | - |PL|SM| - A0 1]000525| 0 o1 ampa, Type 2
0 . Failure
B F
_ .
i 2 LIRS
. UN [ 85| - |PL|SM|st|T2|A2| 130525
b (3K s FR|[85| - |PL|ISM| - |- [A1]|1]|0]0525
B o VN |15| - |PL| - |Ca|T2| - |-0.75-
R21Q) 99 | 99 | 1 |R3| 1| (
30— :7 co|87| - |C|R|-|-|A0[15/0[525
b 1 : - transition to SANDSTONE from silty SANDSTONE contact at
B o  30.05m
« + light grey, fine to medium grained
7 0 « { fresh (1), moderately strong (R3), interbedded with
E o ¢ SILTSTONE with thicker SANDSTONE beds
— L
0 .
] : | increasing SANDSTONE bed thickness below 30.6 m
| e ¢ FR[85| - |PL|SM| - |- [A1]|1|00525
2 . FR |87 | - |PL|SM|Ca|T1|A2| 10705 25
B .
.
31— C-
i 0 .
4 LN
.
R22]}[ 99 | 97 | 0 |R3]| 1 : |
.
_ ok
4 1 .
. o ¢
o FR[85| - |PL|ISM| - |- [A1]|1]|0]0525
B . o
i . L WN|25| - |PL| - |[ca|T1| - | -07D5 -
.
32— .«
0 o
.
B ot
E . ¢ FR|[89| - |PL|SM| - |- |A0| 100525
R23|} 99 | 81 | T [R3| 1 |a {
: B!
_ . -
i 3 o ¢ (\QPV FR] 2| - | I|VR] -]-|A1]3]0p525
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Q
20 ol |2 8 3|2 g2 |£\2 REMARKS
(] [e) < ° lo =) RG]
°s £s12 15| x| 32|25 MATERIAL DESCRIPTION o 5| @ 3 8|2 E | |slc5| ANDOTHER
° o | 2 |283 -3 |3 =8| a|3>>0 TESTS
[ Q [m) = £|0 HNEIF A IR
We 0| 5| 8|8 8|:5/8 Pl e 8] F 5|5 b
X | x| & |®a|z|3 alz £ &
i LR FR[40| - | I |VR|Ca|T1|A2|30.70.5 25
b FR |8 | - |[PL|SM| - | - |A1[1]000.525
b 2 e FR [ 17| - |PL|WR A0|1.5/0 (0525
B LIRS FR | 80 PL |SM A0| 1010525
33 < |_limey SANDSTONE CONTACT, transitions into thicker beds | FX | 85| - |PL| R ATI1100525
] + { 85degrees to CA below 32.93 m
R2311| 99 | 81 R3| 1|,
: FR [ 10| - |PL|VR|Ca|T1|A0|1.50.750.5 30
1 « | sheeted carbonate stringers 10 degrees to CA from 33.3 to
7 e ( 335m FR| 8 | - |PL|VR|Ca|T1|A0|1.50.7.5 30
_ . -
0 LA B
L]
B . -
4 LN
0 .
B ot
34— .
il 1 * v
L]
B . &
B *+ . ) o UN | 87| - |PL|SM|Cm|T2|A2|1|3]2]|20
R24[)l 98 | 95 | 1 |R3| I |e ¢ COAL infill between discontinuity from 34.3 to 35.1 m N 85| - |pLlvrlem|T2!A2l15/3]2 20
° WN|[15| - | - | - |ca|T1| - |-0752] -
— LI .
3 L]
* UN [ 85| - |PL|SM|Cm|T1[A1]|1|3]2]|20
7 ° T UN | 87| - |PL|SM|Cm|T1[A1|1|3]2]|20
4 ° v BD [88| - |PL|SM|Cm|T3|A0|1|8|2]|0
0 .
B . -
35— ‘-
0 .
: shaley SILTSTONE interbeds < 6 cm, oxide infill within
7 ol discontinuity below 34.3 m
B . ot
B .
— . —
| 3 :, SH|80| - | C|K|Gr|T1|A1[053 2|10
B *+ FT | 89| - |PL|SM|Cm|T3|A0|1|8(|2]0
.
B . r
Res]|| 100 98 | 0 |R3| 1) 1] UN[10| - |PL|R|Ca|T1|A1[150.752 25
L]
36— T H
il 1 .«
. o ¢
. FR 84| - |PLISM| - |- |A1|1]|0]2]|25
B o
] 1 .l UIN | 15| - |PL| R |cCa|T1|A1[15[1]|2]25
- :7 UIN| 5| - |PL|R|Ca|T1|A0|-|1]2
3 .
. SILTSTONE laminations, increased oxidation staining on
« { healed fractures, fractures mostly parallel to bedding planes R 19| - |pLlsml - [Tolazl1lolalzs
B o  below35.1m
| 12 ol
.
37— . — FR[20| - | I |VR|Ox|TO[A1|3|1]4]|25
| 10 . L FR|[90| - |PL|SM|Ox|T1|A1|1|0|4]|25
.
B ot
B .
R26|fl 91 | 51 | 2 |R3|IHll4 UN[20| - |PL|R|Ox|TO|A1[151|4|20
_ :, BD [ 88| - |PL|SM|Cm|T1[A1]|1|3]4]|25
il 1 *q
| L FR 88| - |PL|VR|Ox|TO|[A0|15|1]|4 |25
.
b 0 *r VN |30| - |PL| - |[ca|T1|AO|-|1]4|25
B ° ! VN |30| - |PL| - |Ca|T1|AO|-|1|4]|25
.
38+ B o ? OIN| - | - |PL|sm|ox|T1|A0| - [1]4]25
- . . . " FR|[90| - |PL|R|Ox|T1|A1]15/1|3]|25
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%% 22 = g 2| 8|83 MATERIAL DESCRIPTION o 8|5 8|3 2|5 2| |slc|5| ANDOTHER
9 [0 S S| ale|e -3 b = @ [D5|5| 0
meE QE|S|§|9]2|E52 Fl28 8555 f 5| TESTS
| loe| x| |d(z|5 a § zl &
g L FR I'| R |Ox|T1|A1[15/1|3]|25
i 13 ° ¢ FR | 80 C |SM|Ox|T1|A1[1.5(1|3|25
hd JN | - | - |PL|SM|Ox|T1|A1[15/1]3|25
- L o FR [ 80| - |PL|SM|Ox|T1|A1[15/1|3]|25
B LIRS FR| 5| - |PL|SM|Ox|TO[A0|15|1]3]|25
. FR |40 | - |PL|SM|Ox|T1|A1[15/1|3]|25
7 LR FR|[85| - | | | R|Ox|T0O[A0|3|1]3]|25
B o FR 35| - |ST|SM|Ox|T1|A1|2|1]3]|25
. FR| - | - |U|R|Ox|T2|A2|3|1]3]|25
R27|1 95 ° 1
39 ‘-
B :— FR 35| - |PL|SM|Ox|T1|A1[15/1|3]|25
B . L
L]
B ot
B . -
- e
.
END OF BOREHOLE AT 39.6 m ABOVE TUNNEL ROOF
7 [ IN SANDSTONE.
4 + Notes:
i | 1. Borehole termination at 48.8 m in silty SANDSTONE.
2. Seepage observed from borehole after drilling completion
40— I—(to be confirmed).
B L 3. Borehole instrumented with multi point bore hole
extensometere (MPBX), MPBX anchor set at approximately
b [ 20m (Anchor 1), 12m (Anchor 2), 8m (Anchor 3) and 4m
B r (Anchor 4) above tunnel roof.
| L 4. MPBX monitoring:
- September 16 (6.5°C)
7 Anchor 1: 4080.8; Anchor 2: 2781.5;
4 s Anchor 3: 2741.1 & Anchor 4: 2489.4.
i - September 20 (6.4°C)
Anchor 1: 4071.6; Anchor 2: 2763.3;
b r Anchor 3: 2744.6 & Anchor 4: 2492.4.
4 L 5. Measured water flow:
M - September 19, 2016: ~0.38 litres/second.
42— —
43— -
r\QP&/
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