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1.0 INTRODUCTION

1.1 GENERAL

The Government of Yukon (YTG) is planning to realign a section of the Alaska Highway at
Sheep Mountain, located approximately 280 km west of Whitehorse, YT. This will require a
550 m long rock cut between Station 1704+600 and Station 1705+150 that will be more
than 50 m high in places. Rockfall from the existing cut slope is presently a concern and it
is intended that the new construction will reduce the rockfall hazard. The project location
is shown on Figure 1 and the proposed new alignment is presented in Figure 2.

EBA Engineering Consultants Ltd (EBA) were retained by YTG to carry out geotechnical
mapping of the existing rock cut and provide design recommendations for the new rock
cut. '

1.2 SITE CONSTRAINTS

The project site is situated within Kluane National Park and the road follows the shore of
Kluane Lake (see Photo 1, Appendix A). It is understood that it is unacceptable to have fly
rock or construction debris enter the lake. Explosives must have non-toxic residues as the
blast rock may be used as embankment fill in or near Kluane Lake.

The Climate at the site is dry and windy, which results in sparse snow cover during the
winter. As a result the area is frequented by Dhal Sheep, who graze on the slopes above the
rock cut throughout the winter. Kluane Lake also provides the sheep with a source of
water during summer months. The steep gradients of the existing rock cut and slope
immediately above provide the sheep with habitat that is safe from predators and close to
the lake. Consequently, rockfall mitigation measures such as rockfall nets; slope mesh and
guard rails that would disrupt the passage of sheep are not acceptable. Likewise a near
vertical and/or high rock cut that might restrict sheep passage should be avoided if
possible.

The construction schedule for the project will be influenced by potential work restrictions
related to the sheep during the fall rutting season and spring calving season. In addition,
heavy tourist traffic during summer months will limit allowable road closures.

1.3 REPORT CONVENTIONS AND QUALIFICATIONS
Preliminary alignment plans prepared by YI'G dated November 2004 were used by EBA

for reference of chainage locations and design purposes. Selected cross sections from the
preliminary design alignment are included in Figures 4 and 5 for reference, although these
do not accurately reflect the final cut slope designs. Any subsequent alignment changes may

result in subtle shifts in chainages from those used in this report. For future reference in
this event, the southern limit of the rock cut is located at station 1704 + 590 and the

B N
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northern limit of bedrock where it is in contact with overburden materials is located at
approximately station 1705+075.

The highway is oriented approximately southwest-northeast through the subject area,
however, for purposes of this report “North” is defined as the direction of the road leading
to Alaska, and “South” is defined as the direction of the road leading to Haines Junction.

All bedrock structural orientation data in this report is presented using the dip and dip
direction convention unless noted otherwise. Further, structural orientation data has been
corrected for magnetic declination, which is 32 degrees east from true north at this site.

2.0 FIELD INVESTIGATION

Mr. Jack Dennett, P.Geo. (BC), Senior Geologist with EBA, carried out site investigations
on November 30, 2004. Mr. Dennett was accompanied by Mr. Chadwyck Cowan, P.Eng.
of EBA and together they completed the geological and structural mapping in the vicinity
of the proposed rock cut.

Subsequently, Mr. Scott Sylte, P.Eng. (BC), EBA’s senior rockwork engineer, and Mr.
Richard Trimble, P.Eng., Manager of EBA’s Yukon Operations, met with representatives of
the Yukon Transportation Division on December 1, 2004, and conducted a site
reconnaissance on December 2, 2004.

During the site investigations, traverses were made along the ditch line of the existing rock
cut as well as along the original Alaska Highway trail above the cut. As the traverses were
confined to established roads and trails, there was not judged to be a significant hazard of
rocks being inadvertently dislodged and posing a hazard to motorists, hence traffic control
was limited to un-manned work ahead and speed advisory signs.

Geological mapping of the existing cut slope was completed to delineate rock types,
geologic contacts and major structures such as faults, and shears. Geological mapping of the
existing highway rock cut is presented on an elevation view of the cut in Figure 3.
Structural rock mapping was completed along the existing rock cut to characterize structural
features in the rock mass within each geologically distinct area of the cut. Structural
mapping data is presented in Appendix B. These measurements provide a small, but
representative sampling of the more important rock mass characteristics from a rock slope
design perspective.

The omnginal Alaska Highway trail provided access to the area above the crest of the
proposed rock cut. The trail is located along the break in slope, with the slope below it
(towards the highway) being much steeper than the slope above. The slope between the trail
and the existing rock cut ranges from 60% to 70% grade and is mostly covered by unstable,
unconsolidated scree (see Photo 2). The thickness of the scree is variable, but is likely less
than 3 m on average as bedrock is exposed in some areas.

The existing cut slope was examined closely to identify areas of past instability such as
wedge or other failures as these provide a direct indication of how the new cut may

=
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perform. Evidence of rockfalls originating from the scree slope above the existing highway
was noted, along with localized areas of past or potential instability in the existing rock cut.

EBA’s traverse chainage measurements along the existing highway were made with a tape
measure working from pre-existing survey stakes located along the existing ditch.
Measurements have an accuracy of about +/- 2m.

3.0 GEOTECHNICAL CONDITIONS

3.1 GEOLOGIC SETTING

The proposed rock cut is located above the western shore of Kluane Lake in the Shakwak
Valley, a large trench-like valley that flanks the eastern edge of the St. Elias Mountains. The
Shakwak Trench is a result of the Denali Fault System that controls the major northeast-
southwest physiographic and structural trends in the region.

The study area lies within the southern fringe of the permafrost zone. There is a low
probability of permafrost underlying the study area, which consists of southeast-facing, low
elevation slopes adjacent to Kluane Lake.

A catastrophic landslide on the northeast flank of Sheep Mountain referred to as the Sheep
Mountain Landslide is situated about 1 km north of the rock cut. This slide deposited thick
blocky rubble extending into Kluane Lake. Geologic investigations (Clague, 1981) suggest
that the slide occurred in at least two events, the first between 1200 and 1950 years B.P. and
the second between 500 and 1200 years B.P.

Approximately 500 m south of the rock cut, the highway crosses the fan of debris flow
deposits at the south end of Kluane Lake. A debris flow at this location apparently blocked
the highway in 1967. A rock glacier is situated about 800 m upslope from the rock cut
(Clague, 1981). Talus and fragmental rockfall debris are also present on the slopes above
the rock cut but these do not appear to have a distinct source area. Immediately upslope of
the rock cut these deposits consist of rubble colluvium.

The project area is located in the Wrangellia terrane of the Insular Tectonic Belt. It is an
area of complex structural geology, as it is located near the boundaries of the Alexander
terrane (within the Insular belt) to the south west, and the boundary of the Coast Tectonic
Belt to the north east (boundary occurs along the Denali Fault). The area is known for its
high seismicity.

Bedrock in the study area is composed of faulted volcanics, limestone and other
sedimentary units complexed by the Denali fault system as it transects the mountains.
These units are intruded by younger granitic rocks north of the Slims River. Lithology
includes shale, basaltic and andesitic flows, breccia, thin-bedded bioclastic limestone,
conglomerate, phyllite, thin-bedded argillite, siltstone, and/or greywacke.

& N
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3.2 ROCK CUT GEOMETRY AND TERRAIN CHARACTERISTICS

The proposed rock cut is located on the west (upslope) side of the existing road alignment
and will be substantially higher than the existing cut. South of approximately Sta. 1704+600
the new alignment is coincident with the existing road or will be on a fill embankment (see
Figure 2). From approximately 1704+600 to 17044820 the new alignment parallels the
west side of the existing alignment and will require a rock cut up to about 35 m high (see
cross sections 1 to 3 on Figure 4). Between 1704+820 and 17054020, the new alignment
cuts through a bedrock ridge that is skirted by the existing highway, and will form a through
cut with a maximum cut height of approximately 50 m on the west side (see Figures 4 and
5). From 1705+020 to 1705+150, the new alignment rejoins the existing alignment and the
cut height diminishes from about 35 m down to about 10 m or less (see Figure 5).

The existing rock cut is comprised of three distinct lithologies, all of which are intruded by
mafic dikes and contain several faulted or sheared zones (see Figure 3). Thinly bedded
argillite and phyllite (metasediments) are found from the start of the rock cut at 1704+590
to 1704+720 where they are in contact with a strong quartzite unit. The quartzite unit
continues until approximately 1704+820 where a mafic dike occurs along the contact with a
volcanic unit. The volcanics are present from 1704+820 to 1705+025 where the rock
changes again to the argillite unit. There is a small inclusion of limestone within the mafic
volcanics from 1704+950 to 1704+965.

Very little accumulated rockfall debris was present along the original Alaska Highway grade
situated about 60 m above the existing highway, suggesting that the gentler slopes above the
original grade have not been a significant source of rockfall.

There is a remnant bench or pioneer construction access road along the crest of the existing
rock cut between about 1704+500 to 1704+800 (see Photo 3). In places, this has been
completely covered with fragmental rockfall debris originating from the steep rubble
covered colluvial slopes situated between the existing rock cut and the original Alaska
Highway grade. It is possible that little if any of this rockfall material has thus far reached
the existing highway, since most appears to have been retained by the bench. However, in
areas where the bench is now full, future rockfall could reach the existing highway grade. In
view of the large accumulation of rockfall debris on the remnant bench, the steep colluvial
slopes must be considered as a significant rockfall source area in the design of the new rock
cut.

The ditch along the existing rock cut is typically up to about 2 m wide but narrows to about
1 m through the central part of the cut, which is upwards of 20 m high. As such, the
existing ditch effectiveness is judged to be limited and EBA understands that some rockfall
from the existing cut does reach the traveled road surface. The existing cut slope angle
within the highest central portion of the existing rock cut ranges from 77° to 82°, with one
short area near 17044800 being up to 88°.

Towards the north and south ends of existing the cut in the thinly bedded argillites,
individual rockfall particles are likely to be small (typically less than 0.05 m’). However, in

L
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the more massive quartzite and volcanic rocks, there is evidence of past block or planar
failures which may have generated rockfall volumes of several cubic metres with individual
fragments of 1 m’ or larger.

Traces of small diameter (~ 25 mm) trim blast holes spaced approximately 0.8 m apart were
evident along the brow of the cut at several locations between approximately 1704+780 and
1704+925 (see Photo 4). These were drilled with hand equipment, possibly during the
original construction to form a pioneer bench for track-mounted drills, or perhaps at a later
date to trim off larger potential rockfall masses.

DELINEATION OF STRUCTURAL DOMAINS

For rock slope design, the alignment is first subdivided into “structural domains” which are
areas that have unique rock mass structural characteristics. Structural domain boundaries
often coincide with changes in rock type or regional faults, but may also be indistinct and
difficult to identify. Once structural domain boundaries are identified, all mapping data
within each structural domain is lumped together to develop a statistical representation of
the rock mass characteristics for each structural domain.

The structural rock mapping data was compiled and plotted using DIPS (stereonet
software) to determine the prevalent joint set orientations and characteristics. Stereonet
plots presenting this data are included in Appendix C. Based on consideration of this data
along with the geologic mapping data, the slope was subdivided into three structural
domains representing areas with different rock mass characteristics.

Structural domains were identified for this rock cut based primarily on differences in rock
type, which appears to be the dominant control on joint orientations, rock strength and
weathering. These include the argillite (Structural Domain 1), the quartzite (Structural
Domain 2) and the volcanics (Structural Domain 3). Several mafic intrusive dikes are
present within all of the structural domains, and a small pod of limestone is present within
the volcanics at Sta. 1704 + 950. While these may warrant specific consideration or
treatment during construction, they are of limited extent and are not considered separately
for design purposes.

The argillite has well defined bedding planes and occurs along the existing rock cut from
Sta. 1704 + 590 to Sta. 1704 + 720 and again from Sta. 1705 + 025 to Sta. 1705 + 100. The
quartzite has poorly defined foliation and occurs from Sta. 1704 + 720 to Sta. 1704 + 820.
The volcanics are a massive unit that occurs from Sta. 1704 + 820 to Sta. 1705 + 025.
Structural discontinuities including dominant joint sets and shear zones for each structural
domain are described in the following sections.
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3.4.1

TABULATION OF JOINT SET CHARACTERISTICS

The following summarizes the characteristics of each joint set for each structural domain
considered during design of the new rock cut. Each joint set 1s described in terms of the
mean otientation and orientation range, as dip and dip direction. Joint orientation,
persistence, spacing and other attributes affect the likelihood and potential size of rockfalls,
and provide a basis for determining which joint sets are most critical. A summary of all
joint sets for all domains is in provided in Table 1.

Structural Domain 1: Argillite

The argillite unit is a highly weathered weak rock that has conspicuous, closely spaced
bedding planes dipping moderately to steeply towards the southwest. The argillite contains
an abundance of shear zones and mafic dyke intrusions. This is the structural domain of
Design Sectors 1 and 4, and contains seven notable joint sets, derived from 50 individual
measurements. Photos 5 and 6 show representative exposures of the argillite in Design
Sectors 1 and 4 respectively

Joint Set 1 (J1):

Peak at 69/219, range from 58 to 82 (dip) and 194 to 243 (dip direction). Joint Set 1 is
parallel to bedding and is the most prominent joint set (32% of measurements in
Domain 1). This joint set is present in all Structural Domains and is also denoted as J1 in
the quartzite and volcanic units. Joints are persistent with a moderate spacing and have
curved, rough surfaces.

Joint Set 2 (J2):

Peak at 28/326 (gentle dip to northwest), range from 25 to 36 (dip) and 298 to 346 (dip
direction). This joint set is infrequent (6% of measurements) but is also found in the
quartzite unit (denoted as J2).

Joint Set 3 (J3):

Peak at 45/169 (moderate dip to south), range from 34 to 56 -(dip) and 149 to 179 (dip
direction). Joint Set 3 is relatively frequent (16% of measurements) and is also found in the
volcanic unit (denoted as J3) where it appears to have formed several planar failure planes.
Joints generally have a medium persistence although occasional very widely spaced joints are
very persistent.

Joint Set 4 (J4):

Peak at 83/126 (steep dip to southeast), range from 76 to 90 (dip) and 113 to 137 (dip
direction). This joint set is infrequent (10% of measurements) and is also found in the
quartzite unit (denoted as J4). Joints are wide to very widely spaced and have medium
persistence.
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Joint Set 5 (J5):

Peak at 74/344 (steep dip to the north), range from 68 to 82 (dip) and 337 to 347 (dip
direction). This joint set is infrequent (6% of measurements).

Joint Set 6 (J6):

Peak at 58/305 (moderate to steep dip to the northwest), range from 48 to 72 (dip) and 297
to 320 (dip direction). This joint set is infrequent (8% of measurements).

Joint Set 7 (J7):
Peak at 71/158 (moderate to steep dip to the south), range from 66 to 78 (dip) and 155 to

163 (dip direction). This joint set is infrequent (6% of measurements). Joints are wide to
very widely spaced and have medium persistence.

Structural Domain 2: Quartzite

The quartzite unit is a very strong and slightly weathered rock. Bedding planes are often
mconspicuous and have a steep dip towards the southwest. The rock contains an
abundance of shear zones and mafic dyke intrusions. This structural domain contains six
notable joint sets, derived from 20 individual measurements. Photos 4 and 7 show
representative exposures of the quartzite exposed in Design Sector 2.

Joint Set 1 (J1):

Peak at 69/233 (moderate to steep dip to the southwest), range from 62 to 73 (dip) and 217
to 242 (dip direction). Joint Set 1 is parallel to bedding and is the most prominent joint set
representing 30% of the measurements in this domain. This joint set is present in all
Structural Domains and 1s also denoted as J1 in the argillite and volcanic units. Joints are
widely spaced, highly persistent, and have undulating smooth surfaces.

Joint Set 2 (J2):

Oriented at 20/311 (gentle dip to the northwest). This joint set is infrequent (5% of
measurements) and is also found in the argillite unit (denoted as ]J2). Joints have low
persistence and rough, undulating surfaces.

Joint Set 3 (J3):

Peak at 28/119 (shallow dip to the southeast), range from 24 to 34 (dip) and 103 to 141 (dip
direction). This joint set is infrequent (10% of measurements).

Joint Set 4 (J4):

Peak at 82/119 (steep to near vertical dip to the southeast and northwest), range from 66 to
82 (dip) and 125 to 293 (dip direction). This joint set is infrequent (10% of measurements)
and 1s also found in the argillite unit (denoted as J4).
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Joint Set 5 (J5):

Peak at 88/174 (steep to near vertical dip to the north and south), range from about 70
south to 70 north (dip) and 166 to 183 south and 347 to 003 north (dip direction). This
joint set is frequent (25% of measurements). Joints have medium to high persistence,
moderate to wide spacing, and smooth, planar surfaces.

Joint Set 6 (J6):

Peak at 60/042 (moderate dip to the northeast), a constant dip of 60 and a range of 041 to
042 (dip direction). This joint set is infrequent (10% of measurements).

Structural Domain 3: Meta-Volcanics

The meta-volcanic unit is a strong, relatively massive, slightly weathered rock that contains
an abundance of shear zones and mafic dyke intrusions. This is the structural domain of
Design Sectors 3 and 4, and contains six notable joint sets, derived from 32 individual
measurements. Photo 8 shows a representative exposure of the meta-volcanics in Design
Sector 3.

Joint Set 1 (J1):

Peak at 74/198 (moderate to steep dip to the southwest), range from 68 to 80 (dip) and 179
to 217 (dip direction). This joint set is fairly frequent (13% of measurements) and is present
in all Structural Domains (denoted as J1 in both the quartzite and argillite units). Joints
generally have medium persistence although occasional very widely spaced joints are very
persistent. Joint surfaces are planar but rough.

Joint Set 2 (J2):

Peak at 73/313 (moderate to steep dip to the northwest), range from 64 to 80 (dip) and 297
to 323 (dip direction). This joint set is fairly frequent (16% of measurements). Joints have
moderate to wide spacing, medium persistence, and smooth, undulating surfaces.

Joint Set 3 (J3):

Peak at 34/169 (shallow dip to the south), range from 30 to 40 (dip) and 160 to 183 (dip
direction). This joint set is infrequent (9% of measurements) but is also found in the
argillite unit (denoted as J3). Joints have medium to high persistence but are widely to very
widely spaced and generally only present in the upper 8 m of the existing rock cut.

Joint Set 4 (J4):

Peak at 33/342 (shallow dip to the northwest), range from 24 to 44 (dip) and 329 to 007
(dip direction). This joint set is fairly frequent (16% of measurements). Joints have a low to
high persistence, wide to very wide spacing, and smooth, undulating surfaces.
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Joint Set 5 (J5):

Peak at 80/003 (steep to vertical dip to the north and south), range from 70 to 90 (dip) and
197 and 347 to 013 (dip direction). This joint set is frequent (19% of measurements) but
has low persistence.

Joint Set 6 (J6):

Peak at 83/253 (steep to vertical dip to the east and west), range from 70 to 90 (dip) and
067 and 245 to 267 (dip direction). This joint set is infrequent (9% of measurements) has
low persistence, and wide to very wide spacing.

3.5 DESIGN SECTORS

The structural domains have been subdivided into five separate “design sectors” that
represent areas having similar structural geology, rock cut orientation, height, or other
characteristics that may necessitate a unique rock cut design. Design sector locations are
shown on Figure 2 and include Design Sectors I, 11, IIla, and IV on the west (left) side of
the highway and Design Sector IIIb which forms the right side of the through cut on the
east side of the highway.

4.0 ROCK CUT DESIGN BASIS

41 GENERAL DESIGN CRITERIA
EBA understand that YT'G are designing the proposed highway realignment with a design

speed of 90 km/h to 100 km/h and prefer to use a ditch with a 4:1 (H:V) “recoverable”
side slope without a guard rail so as not to impede the movement of sheep.

Section 52 of the Yukon Workers” Compensation Board Mine Safety Regulations allows a
maximum bench height of 20 m with a bench width sufficient to permit safe access, but in
no case less than 8 m. As this would involve an overall 68 degree or flatter cut slope, which
is considered unrealistically flat for an engineered highway rock cut, EBA have assumed for
design purposes that a variance to these requirements will be obtained.

Although EBA are not aware of established guidelines for sheep traverse of steep slopes,
the following are suggested for Sheep Mountain based on experience in other areas:

o Design Sector I (Argillite) — a 76° cut slope (1H:4V) should be marginally passable due
to the surface roughness offered by closely spaced bedding planes.

o Design Sector II (Quartzite) — a 76° cut slope (1H:4V) will have structurally controlled
ledges and irregularities that may locally be passable, but it is doubtful that a high,
uniform cut slope developed at 76° would contain a continuous traverse route for
sheep. A flatter 71.6° (1H:3V) slope may offer some passable routes.

i -
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+ Design Sectors IIla and IIIb (Volcanics) — similar to Design Sector 11, a 71.6° (1H:3V)
slope may offer some passable routes, but a steeper 76° slope is likely not passable for

higher cuts.

« Design Sector IV (Argillite) — similar to Design Sector I, a 76° cut slope (1H:4V) should
be marginally passable due to the surface roughness offered by closely spaced bedding
planes.

KINEMATIC STABILITY ANALYSES OF CUT SLOPES

The objective of kinematic stability analyses is to identify possible modes of failure (wedge,
planar, toppling) for various cut slope inclinations to assist in selecting a cut slope angle
which avoids most potential instability and provides a balance between excavation costs and
the cost of stabilization measures such as rock bolting.

For detailed kinematic design, it is important to recognize that the dip of a particular planar
or wedge failure mechanism has a statistical distribution about a mean value. The
consequence of this with respect to cut slope design is that a cut which is steeper than the
mean dip of the failure mechanism may still be feasible, but will result in more frequent or
larger rockfalls, which in turn may require a wider ditch and more frequent ditch
maintenance. Hence, optimization of cut slope angle, ditch width, and stabilization
measures, requires careful consideration of capital costs versus maintenance costs, cut slope
performance, and the acceptable degree of rockfall hazard.

In carrying out kinematic analyses, it is significant to note that most of the joint sets at
Sheep Mountain are widely spaced and infrequent. This will tend to result in isolated areas
of potential instability associated with a specific joint or discontinuity. These can often be
managed most economically by localized stabilization measures such as rock bolting, rather
than by flattening the overall cut slope.

EBA carried out kinematic analyses for each design sector based on the joint set
characteristics contained in Table 1 and described above, and stereonets provided in

Appendix C. Table 2 indicates the kinematically possible failure modes for each design -

sector and lists the theoretical dip angle of these failure modes with respect to the cut
orlentation.

Based on the kinematic analyses, the recommended cut slope inclinations for each design
sector are discussed below and summarized in Table 3. The cut slope angles noted below
are overall cut slope angles. The individual bench face angles will be slightly steeper to
accommodate drill offsets between each lift of excavation. The relationship between the
overall cut angle, bench face angle, lift height, and drill offset is illustrated in Figure 11.

Design Sector 1:

Design Sector 1 is within the argillite from Sta. 1704+590 to Sta. 1704+720. The average
new highway alignment azimuth for this sector is 069° with the new cut dipping southeast
towards 159°.
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There is the potential for planar failures along J3 and J7, both of which have a strike within
10° of the cut azimuth. J3 and J7 have apparent dips of 45° and 71° respectively. Planar
sliding is also possible on J4 but the strike of these joints is almost 35° off the highway
azimuth, hence pure planar failures would be localized.

Toppling may occur on Set J5, which has a strike within 5° of the cut azimuth and dips at
74° into the slope, but these joints are too widely spaced to cause pervasive toppling

instability.

There is the potential for several wedges to form. Joint Set J1 may form potential wedges
with sets J3, J4 and J7. J4 may also form potential flat wedge intersections with set J7.

The flattest potential failure modes dip at 43° to 45° out of the cut and are associated with
J3. Such failures would be unlikely or infrequent due to the moderate dip; and this is borne
out by the performance of the existing cut slope. At 69° to 73° several variations of planar
or wedge failures involving J1, J4 and J7 become kinematically possible. Thus, a cut slope
angle of 72° is recommended to minimize ravelling. A slightly steeper slope of say 76°
could also be considered provided that the ditch is sized to accommodate a substantially
greater volume of material from plane or wedge failures.

Design Sector 2:

Design Sector 2 is within the quartzite from Sta. 17044720 to Sta. 1704+815. The average
new highway alignment azimuth for this sector is 071° with the new cut dipping southeast
towards 161°.

There is the potential for planar failures along J5, which is oriented within 13° of the new
cut orientation with an apparent dip of 88° and flattest dip of about 76°.

There is also the potential for several wedge failures associated with J4 in combination with
either J1 or J5; these have apparent dips of 65° and 85° respectively.

The flattest potential failure mode involves wedges formed by J1 and J4 dipping at 65°.
Although J1 is prominent and usually persistent, J4 is infrequent, hence this type of wedge
failure will be localized only and not pervasive throughout the rock mass. The next steepest
mode of failure is wedge failures dipping at 85° associated with J5. As J5 is quite frequent
and can form persistent, smooth planar surfaces, these joints should not be undercut.
Therefore, a cut slope of 76°, which is flatter than virtually all of the statistical distribution
of mapped J5 joints, is recommended. A steeper cut up to about 82° is also feasible but
may require significantly more trimming and/or bolting to address potential planar or
wedge failures associated with J5.

Design Sector 3a:

Design Sector 3a is within the volcanics from Sta. 1704+815 to Sta. 1705+020 and forms
the left side of a through cut heading north. The new alignment azimuth for this sector

ranges from 045° to 058° with the new cut dipping southeast towards 135° to 148°.

=
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There is a potential for wedge failures formed by J1 and J6 with an apparent dip of 76° out
of the cut slope. Since J6 has a near vertical dip, low persistence, wide spacing and is
oriented almost perpendicular to the cut, stability of these wedges will be governed by
sliding on J1, which is oriented oblique to the cut. Therefore, while wedge failures at a cut
slope of 76° are feasible, they will be infrequent and localized. Toppling may also occur on
Set ]2, which is oriented within 14° of the new cut and dips at 72° into the slope.

In consideration of the potential for toppling and the occasional wedge failures, a cut slope
inclination of 76° is recommended, however, a steeper cut slope of up to say 82° is also
feasible provided the ditch is sized to accommodate a greater volume of failed material
and/or potentially unstable material is stabilized by bolting.

Design Sector 3b:

Design Sector 3b is within the volcanics from Sta. 1704+825 to Sta.1705+020 and forms
the right side of a through cut heading north. The new alignment azimuth for this sector
ranges from 045° to 058° with the new cut dipping northwest towards 315° to 328°.

There is the potential for planar failures to occur on J2, which is oriented within 14° of the
new cut otientation and has an average apparent dip of 72° out of the slope. There is also
the potential for wedge failures formed by J5 and J6 with an apparent dip of about 74° out
of the slope.

As J2 is fairly frequent and has a well clustered dip distribution of about 64° to 80°, it
should be undercut only with caution and the understanding that stabilization measures may
be necessary. Therefore, we recommend a cut slope inclination no greater than the average
apparent dip of 72° and preferably about 65° to minimise or eliminate potential
stabilization requirements.

Design Sector 4:

Design Sector 4 is within the argillite from Sta. 1705+020 to Sta. 1705+100. The new
alignment azimuth for this sector is 030° with the new cut dipping southeast towards 120°.

There is the potential for planar failures along J4, which is oriented within 6° of the new cut
orientation and has an apparent dip of 82°. Wedge failures may also occur with J1 in
combination with J3, but these have a true plunge of 43° and are generally likely to be
stable. Toppling may occur on J6, which is oriented within 5° of the new cut orientation
and dips at 58° into the slope, but these joints are too widely spaced to cause pervasive

toppling mnstability.

For this design sector, planar sliding on J4 governs stability and hence a cut slope
inclination of 82° is the maximum recommended. A flatter cut inclination of about 76° or
less which encompasses virtually all of the statistical distribution of mapped J4 joints may
also be considered to minimise ravelling and long term maintenance issues, and better
facilitate sheep passage.
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DITCH DESIGN CRITERIA AND METHODOLOGY

EBA have assumed that ditches for the Sheep Mountain rock cut will have a 4:1 (H:V)
recoverable side slope without guard rail and with a minimum width and depth of 4.0 m and
1.0 m respectively. Site distance criteria may require an increased width in some areas.

Historically, the most common criteria used for ditch design are those proposed by Ritchie
(1963). These criteria acknowledge that for cuts inclined at approximately 76 degrees or
steeper, rock patticles tend to fall down to the ditch with minimal bounce en-route. At
progressively flatter cut angles, rocks tend to roll and/or bounce down the cut slope, which
requires a wider and/or deeper catchment ditch. In general, the Ritchie criteria are based
on a deeper ditch with steeper side slope than proposed for Sheep Mountain, hence these
criteria can not be applied without considerable judgement.

More recently, the Oregon Department of Transportation (ODOT) Rockfall Catchment
Area Design Guide (2001), which is based on extensive field testing, has replaced the
Ritchie criteria as a design guideline for catchment ditches. Several limitations of the
ODOT guide should be noted as follows:

o The ODOT guide is based on field tests of rockfalls on slopes up to 24 m in height.
This requires extrapolation of the results to address the higher cut slopes at Sheep
Mountain.

o The ODOT field tests were conducted on very uniform slopes that may not reflect “real
wotld” slope irregularities that tend to deflect rockfalls farther than anticipated.

o The ODOT guide does not address rockfalls that originate above the cut and already
have some angular and linear momentum as they pass over the crest of the cut.
Fortunately, this effect can be largely discounted since the slopes above the cut at Sheep
Mountain are gentle enough that the initial momentum at the crest of the cut will be
relatively small.

EBA have relied on the ODOT guide for design of catchment ditches for the Sheep
Mountain cut. As a minimum, designs provide a sufficient ditch width to ensure that at

least 98% of all rockfall impacts land within the ditch, plus at least 1 m to 2 m of additional

width depending on the cut height.

After impact, rockfalls tend to bounce once or twice, then roll out of the ditch at a low
height which poses a comparatively low hazard to motorists. Consequently, ditches have
generally been designed on the basis of 95% to 98% retention of rockfalls for low to
moderate height cuts. For higher cuts, designs have been based on a reduced retention
percentage of 90% to 95%, but in conjunction with a more conservative cut slope design
angle and/or increased reliance on stabilization measures such as bolting for the higher
portions of the cut to reduce the rockfall potential.

The most frequent sources of rockfall will be the rubble colluvium on the existing slope
above the crest of the new cut, the overburden cut slope along the brow of the rock cut,
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and weathered, near surface bedrock near the crest of the rock cut. Consequently, the full
cut height has been considered for ditch design.

The ditch design recommendations presented herein do not provide absolute security
against rockfall but are considered to provide an acceptable balance between cost and risk.
The ditch geometry has adequate capacity to substantially contain rockfalls in the order of 5
m’ total volume, which is as large as should be expected if the cut slope angle respects the
kinematic analyses. Any larger potential failures must be identified and stabilized during
construction.

CUT SLOPE DESIGN RECOMMENDATIONS

DESIGN OPTIONS

In developing a cut slope design, EBA has attempted to balance the conflicting
requirements to minimize capital and maintenance costs, provide an acceptable level of
rockfall hazard, and accommodate sheep passage through the area. This has led to the
development of three design options as described below.

Option 1 - Rock Cut Without Bench:

This option involves a conventional, continuous cut slope without benches. The cut slope
would be at a relatively stable angle from a kinematic perspective of 76° (except for 72° in
Design Sector 1 and 68° in Design Sector 3a) and range in height from less than 10 m up to
approximately 50 m. The ditch width would vary from 4 m up to 13 m according to the cut
height to provide adequate retention of rockfalls. As such, the high, central portion of the
cut is unlikely to be passable by sheep, either up and down the slope, or traversing north-
south across the cut slope. However, sheep could likely climb the lower cut slopes in
argillite at both ends of the rock cut in Design Sectors 1 and 4.

The advantages of Option 1 are relatively simple excavation geometry and slightly reduced
reliance on rock support through the high, central section due to the very wide ditch. The
excavation volume will be similar to, or marginally greater than Option 2.

Option 2 — Rock Cut With Midslope Bench:

Option 2 utilizes a midslope bench through the high, central high portion of the cut to limit
the effective slope height below the bench to a maximum of 30 m, which allows the ditch
width to be limited to a2 maximum of 8 m. The cut slope below the bench would be at a
less conservative angle from a kinematic perspective of 82° (except for 72° in Design Sector
1 and 68° in Design Sector 3a). This may require additional rock support compared to
Option 1, but is considered feasible because the effective slope height below the bench is
limited and the rock mass quality is expected to improve with depth as the effects of surface
weathering diminish. The cut slope above the bench would be developed at 76° in the near

surface weathered rock.
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The bench would begin at highway grade at the south end of Design Sector 1, then traverse
up the slope across the top of the cut in Design Sectors 1 and 2. The cut slope above the
bench in this area would have a maximum height of 10 m and will require a minimum
bench width of 8 m for maintenance access and so that rockfalls from the upper slope are
retained on the bench, or have their momentum reduced to near zero before rolling off the
bench. The bench would climb to a maximum height of 30 m above the ditch at
approximately the boundary of Design Sectors 2 and 3a, at which point it would traverse
horizontally across Design Sector 3a, and the bench width would increase to a maximum of
11 m to provide adequate rockfall catchment as the cut height above the bench increases.

The primary advantage of Option 2 over Option 1 is the avoidance of a very high,
continuous cut slope, which can generate very high energy rockfalls that are difficult to
control, even with a wide ditch. Option 2 also provides for better management of rockfall
originating above the cut slope, although with increased maintenance cost if the bench must
be cleaned. Although movement of sheep up and down the slope will still be blocked as
with Option 1, the midslope bench and access ramp will provide a safe north-south traverse
route for sheep across the high central portion of the cut slope. Another advantage of
Option 2 is that early establishment of a midslope bench will allow simultaneous excavation
in several areas of the cut, thus speeding construction and shortening the construction
duration.

Option 3 = Rock Cut / Tunnel Combination:

Within the central, through cut portion of the realignment in Design Sector 3a/ 3b, the
average excavation volume per meter length of highway will be on the order of 1,000 m*/m
and the high, steep cut slope will block east-west sheep passage from the slopes above the
highway, down to the highway and lake shore. Option 3 involves construction of an
approximately 130 m long tunnel between approximately 1704+850 and 1704+980. Rock
cuts leading up to the tunnel portals would be in accordance with either Option 1 or 2.

Although the overall cost of Option 3 is expected to be highest, the additional cost may not
be that great since the tunnel replaces a section of through cut with a ten-fold greater
excavation volume. The prime advantages of Option 3 are that it eliminates the high central
portion of the cut that poses the greatest rockfall hazard, it provides an uninterrupted
corridor approximately 100 m wide for east-west sheep passage over the new highway
rather than across it, and it will significantly reduce construction impacts on the existing
highway such as closures for blasting. In addition, Option 3 may reduce the duration of
excavation (blasting) by several months as compared to the open cut options.

Recognizing that a tunnel was not contemplated at the preliminary design stage, we have
only provided a conceptual design for Option 3 at this stage as described below and
illustrated in Figure 9. The proposed tunnel would accommodate two 3.65 m wide lanes
(one each direction) with a 2.0 m shoulder on each side. Oversize loads as well as
pedestrian traffic need not be accommodated in the tunnel as this traffic could bypass the
tunnel on the existing highway grade.
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For the 130 m +/- length of tunnel anticipated, emergency egress tunnels (typically spaced
at 200 m +/-) monitoring systems, fire suppression systems, and ventilation would not be
necessary. Lighting would also likely be unnecessary. Consequently, capital and operating
costs would be minimized relative to longer highway tunnels.

The tunnel would be excavated by drill and blast, likely with a single (or double) top heading
and bench approach. Considering the generally favourable ground conditions, temporary
support would be by means of rock bolts and shotcrete alone; ribs or lattice girders are
unlikely to be necessary.

Although a permanent lining could be developed by thickening the shotcrete, as is common
in Northern European highway or railway practice, the conceptual design assumes a
permanent concrete lining typical of North American highway tunnels. For the short length
of tunnel, it is unlikely to be economical to fabricate and mobilize a full section reusable
form for concrete lining. Therefore, we considered that the concrete lining would likely be
placed in two stages. First, the tunnel walls would be poured using a simple reusable steel
or wood form anchored to the rock. Then, the tunnel arch would be poured using a large,
standard size corrugated steel culvert or liner plate section (“Armco” or similar) as
formwork, which would be left in place.

The final lining would be extended 5 m to 10 m beyond each portal to provide rockfall
protection.

5.2 DETAILED DESIGN RECOMMENDATIONS
5.2.1  Overburden Cut Slopes

For all three design options, the overburden cut slopes along the crest of rock cuts is a
potential source of rockfall that must be addressed during the initial stages of construction
to provide safe working conditions. Overburden including talus like material should be
removed for a distance of 3 m back from the crest of the rock cut and be sloped back at a
stable angle (approximately 1.5H:1V for the rubble colluvium material). Unfortunately, the
stable cut angle for the colluvium is very close to the topographic slope, hence the
overburden cuts may need to be over-steepened to avoid having them extend far up the
slope as a sliver cut. Since over-steepened cuts will have a greater tendency to experience
ravelling and regression causing rockfall, stabilization of the overburden cuts will be
required in some areas (see Section 6.1).

For the high rock cut in the central section of Option 1, prevention of rockfalls due to
ravelling of the overburden cut is essential. For Option 2, which has a midslope bench that
will retain most rockfall from the overburden, and that can be maintained, the requirement
for stabilization of the overburden cuts is less critical.

5.2.2 Design Sector 1

For both Options 1 and 2, a cut slope inclination of 72° (1H:3V) is recommended (see
Table 3). For Option 2 (rock cut with midslope bench) an 8 m wide ramp providing access

S
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5.2.3

524

5.2.5

5.2.6

to the bench would be situated at the crest of the cut as shown on Figure 6. Note that for
both options, the ditch width varies as a function of cut height to minimize excavation
volumes, while still providing adequate rockfall catchment.

Design Sector 2

The recommended rock cut geometry for design Options 1 and 2 in Design Sector 2 is
shown on Figure 6 and summarized on Table 3. For Option 1, a uniform cut slope
inclination of 76° (1H:4V) is recommended. For Option 2, which includes an access ramp/
bench across the crest of the cut, a cut slope of 76° (1H:4V) above the bench and 82°
(1H:7V) below the bench is recommended. Note that for both options, the ditch width
varies as a function of cut height to minimize excavation volumes, while still providing
adequate rockfall catchment.

Design Sector 3a

The recommended rock cut geometry for design Options 1 and 2 in Design Sector 3a is
shown on Figure 7 and summarized on Table 3. For Option 1, a uniform cut slope
inclination of 76° (1H:4V) is recommended. For Option 2, which includes a midslope
bench across the high, central portion of the cut, a cut slope of 76° (1H:4V) above the
bench and 82° (1H:7V) below the bench is recommended.

Note that for both options, the ditch width varies as a function of cut height to minimize
excavation volumes, while still providing adequate rockfall catchment. Similarly, the bench
width for Option 2 varies according to the height of the cut above the bench.

Design Sector 3b

The recommended rock cut geometry for design Options 1 and 2 in Design Sector 3b 1s
shown on Figure 8 and summarized on Table 3. For both options, a uniform cut slope
inclination of 68° (1H:2.5V) is recommended. For both options, the ditch width varies as a
function of cut height to minimize excavation volumes, while still providing adequate
rockfall catchment.

The thin razorback ridge formed at the crest of the cut by the intersection of the new and
existing cut slopes 1s likely to contain a significant quantity of blast loosened rock. Any
such material must be removed to ensure that the safety of the existing highway is not
compromised during the construction period. Note also that the top of this ridge could be
easily cut down to reduce the cut height, and thereby permit a narrower ditch.

Design Sector 4

The recommended rock cut geometry for design Options 1 and 2 in Design Sector 4 is
shown on Figure 8 and summarized on Table 3. For Option 1, a uniform cut slope
inclination of 76° (1H:4V) is recommended. For Option 2, the midslope bench in Design
Sector 3a will need to slope down towards the north in Design Sector 4 to follow the crest
of the cut and maintain the minimum 8 m bench width. At the north end of Design Sector
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6.1

4 where the new cut rejoins the existing highway cut, the bench need not be extended all the
way down to the highway grade, but to do so may help facilitate sheep passage.

For Option 2, a cut slope of 76° (1H:4V) above the bench and 82° (1H:7V) below the
bench is recommended. Note that for both options, the ditch width varies as a function of
cut height to minimize excavation volumes, while still providing adequate rockfall
catchment.

CUT SLOPE STABILIZATION RECOMMENDATIONS

Stabilization measures such as concrete guard rail, rockfall fences, or slope mesh, that would
impede sheep passage or that may be aesthetically unpleasing, have not been considered.

OVERBURDEN

Potential instability of overburden cut slopes along the brow of the cut will pose a
significant problem in many areas due to the steep natural slopes, loose nature of the coarse
colluvial overburden, occasional seepage/runoff flowing across the bedrock surface during
wet weather, and dislodgement of material by sheep. In several areas, evidence of previous
failures of the overburden down to bedrock were observed. On a smaller scale, it is
expected that overburden cut slopes will ravel, and in so doing periodically release large
rock blocks as rockfalls. As this can pose a significant hazard both during and after
construction, it is essential the overburden cuts be properly stabilized when first exposed.
The following provides a brief summary of several methods that may be considered.

Where larger “framework” grains (e.g. boulders and larger) in the overburden are widely
spaced and not in contact, and the interstitial soil matrix consists or erodeable material,
stabilization measures must target the soil matrix. In this case, hydroseeding, erosion
control mats, or even shotcrete shoring might be considered. However, hydroseeding is
unlikely to be effective at Sheep Mountain without use of fertilizers.

The most practical method of stabilizing the overburden cuts will be to support the toe of
the cut slope where it is in contact with bedrock. The recommended approach is to
construct a low retaining wall anchored to the rock with dowels. The face of the wall will
consist of hexagonal gabion mesh covered with shotcrete. The recommended installation
sequence is as follows:

« Install dowels grouted into rock and protruding to the required wall height along the toe
of the overburden cut slope (see table below).

 Install horizontal reinforcing on upslope side of dowels (see table below).

+ Install mesh (11 gauge galvanized hexagonal triple twist, Maccafferri or equivalent)
against the upslope side of the horizontal reinforcing.

« Install 100 mm dia. perforated PVC drains on rock surface at nominal 2 m spacing.

1200128 (2006 03 31) Final Report V2 April 7, 2006.doc



1200128
March 2006
19

HEEl

6.2

6.3

o Backfill against mesh (upslope side) with loosely placed rock from the colluvial slope
above the retaining wall.

o Shotcrete the face of the wall to fully encase dowels, horizontal reinforcing bars, and
mesh (see table below for shotcrete thickness).

Layout dimensions for three wall heights are as follows:

OVERBURDEN RETAINING WALL DIMENSIONS

Wall (Dowel) Dowel Dowel Dowel Horizontal Shotcrete Thickness (mm)
ight above | Diameter | Embedmentin | Spacin Reinforcin
He:ec.itrock (see note) Bedrock p(m) ’ ’ Top of Wall | Toe of Wall
(m) (mm) (m)
0.4 25 0.6 0.8 2 -16M 100 200
0.6 32 0.7 0.8 3 -16M 100 250
0.9 44 0.8 0.9 4 —-16M 100 300

Note: Dowels to be Grade 517/690 MPa galvanized Dywidag bar or equal and be drilled and grouted into
bedrock.

In some instances it may be prudent to temporarily cover the overburden cut slope with
mesh anchored to the bedrock and/or install a temporary chain link fence to minimise the
rockfall hazard during construction.

An alternative to a dowel/shotcrete retaining wall as described above would be a
conventional gabion wall set on a concrete starter footing that is doweled into the bedrock.
In this case the dowels should protrude through the gabion to prevent sliding failure of the
gabion baskets.

BROW OF ROCK CUT

Potentially unstable bedrock situated along the brow of the cut should either be removed
(scaling, trim blasting, etc.) or be stabilized by bolting. Removal at the time of construction
is generally the cheapest hence preferred approach.

BOLTING

“Rock Bolts” as used in this report refers to both tensioned “bolts” or untensioned
“dowels” of 25 mm diameter. In either case, rock bolts should be fully grouted with either
cement or resin grout. The required number, length, location, orientation, and need for
tensioning rock bolts must be determined by the Engineer based on inspection of the actual
rock structure(s) exposed in the cut slope. Where a need for bolts is identified, they should
be installed as soon as possible, and preferably prior to further work in the area.

The following abbreviated specifications provide details of the rock bolt materials and
installation procedures envisaged for the Sheep Mountain rock cut.
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Materials:

1

Rock Bolts shall be 25 mm diameter, Grade 517/690 MPa deformed steel bars
conforming to CAN/CSA G30.18, such as “Dywidag Threadbar” manufactured by
Dywidag Canada Limited, or approved equal. Rock Bolt bars shall be delivered to
the site in mill lengths of 12.19 m (40’) that can be field cut to the required lengths.

Steel bearing plates shall conform to CAN/CSA-G40.21, Grade 300 W and have
minimum dimensions of 10 mm by 150 mm by 150 mm. Plates shall be of “calotte”
or similar style to accommodate non-perpendicular alignment of the bolt and plate.
Nuts shall be hexagonal head, with hemispherical end matching the bearing plate.

Rock Bolts and all associated hardware shall be hot-dip galvanized to CSA G164.

Resin grout or cementitious grout may be used however, resin grout shall not be
used where the rock is excessively fractured or wet. Resin grout shall be the product
of an established manufacturer, and shall be supplied with fast and slow gel set times
respectively for the anchorage and free-stressing lengths of the bolt. Cement grout
shall be a pre-bagged, non-shrink product such as “Microsil Anchor Grout”
produced by Basalite Concrete Products.

Installation:

1

For resin grouted rock bolts, drill holes to a diameter recommended by the resin
manufacturer. For cement grouted bolts, drill holes to a minimum diameter of 60
mm, or smaller if required to accommodate an expansion shell anchor.

Installation — Resin Grouted Rock Bolts

Use fast setting resin at the bottom of the hole for anchorage, and slow setting resin
for the remainder of the hole. Installation must be in strict accordance with the resin
manufacturers recommendations to ensure correct mixing of the resin and complete
encapsulation of the bar. After allowing the fast setting resin to set, but prior to the
gel time of the slower resin, perform testing and tensioning as required.

Installation — Cement Grouted Rock Bolts

Cement grouted bolts that are to be tensioned shall use either resin cartridges or an
expansion shell anchor for the bond length anchorage. Cement grout shall be placed
by pumping through a delivery line that extends to the lowest end of the hole. Prior
to the grout setting, perform any necessary testing and tensioning.

Testing

Testing equipment shall include a hollow core hydraulic jack with pressure gauge and
an independently mounted dial gauge for measuring the strain of the bolt under load.
Rock bolts will be selected at random by the Engineer for testing. The first ten (10)
of each type shall be tested; thereafter, 20% of the rock bolts shall be tested. Bolts
shall be either Proof Tested or Pull Tested as directed by the Engineer.
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5 Tensioning

Tensioning equipment shall consist of the hollow core jack used for testing. A
calibrated impact or torque wrench may be used for light tension loads, subject to
approval by the Engineer. Bolts shall be tensioned and locked-off at loads ranging
from 50 kN to 158 kN as directed by the Engineer. Untensioned bolts shall be

nominally tensioned to 25 kN.

The rock cut slope angles have been designed based on kinematic analyses to minimize
reliance on rock bolts for support. Nevertheless, occasional joints with random orientation,
as well as those joints within the identified joint set populations whose dip is flatter than the
cut slope, will give rise to some potentially unstable features that require bolting.

The most critical area where bolting may be required is higher portions of the high rock
cuts situated in Design Sectors 2 and 3a, in particular, those portions of the cut that are
greater than 20 m above the ditch and/or 15 m above the midslope bench. Assuming an
average bolting density of about one bolt per 30 square meters for these areas, it is
estimated that up to about 200 bolts could be required. Bolt lengths will typically vary from
3 m to 6 m depending on the feature being addressed.

6.4 SHOTCRETE

Shotcrete will not be necessary as a covering of the rock face. However, as noted
previously, shotcrete may be very useful for stabilizing oversteepened overburden cut slopes
that would otherwise be prone to ravelling. Owing to the remote location and small
application volumes at any given time, it is anticipated that dry mix shotcrete will be used.
This should be a standard mix design from a recognized supplier such as Basalite Concrete
Products, and should contain silica fume and steel fibres.

7.0 CONSTRUCTION ISSUES
741 EXCAVATION SEQUENCE AND PIONEER ACCESS

Pioneer access to the crest of the cut slope in Design Sectors 1 and part of Design Sector 2
can be easily established by excavation to widen the existing remnant access bench (see
Photo 3) that begins at about 1704+500. As this is the most logical haul route for muck
from the high central portion of the cut in Design Sector 3, the pioneer ramp should be a
full 8 m wide to facilitate haul traffic. If this ramp is developed on the line and grade
required to access the midslope bench for Option 2, then Option 2 may be the favoured
rock cut design. In this case, the pioneer access will need to be extended north of
approximately 17044750 to reach the mid slope bench elevation 30 m above the existing
highway grade in Design Sector 3a.

Equipment (drill and excavator) could access the crest of the cut in Design Sector 3a
relatively easily from the old pipeline road, which is situated about 10 m to 15 m above the
cut at this location. However, this would not provide a favourable route for haul traffic,

| N
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7.2

due to the adverse grade for trucks to climb up to the pipeline road, and then the long haul
distance to descend down to the existing highway. Therefore, for the top portion of the cut
in Design Sector 3a, the best approach may be to sidecast the excavated rock down the
slope, and then load this material into haul trucks on a midslope bench situated about 30 m
above the existing highway, as illustrated on Figure 10. For this approach, the midslope
bench must be developed first, and must be wide enough to retain all the material that is
sidecast down the slope from above.

An important feature of the approach illustrated on Figure 10 is that once access to the
middle and top of the slope is developed (Steps 1 and 2 on Figure 10) it will be possible to
carry out further excavation from the upper and midslope benches simultaneously (Steps 3
through 6). For the final stages of excavation (Steps 7 through 9) the bench width is
adequate for two drills to work side by side. This approach may significantly shorten the
construction duration.

Pioneer access to the crest of the new cut slope in Design Sector 4 could be developed by
traversing southwards up the slope starting from about 1705+200. However, it may be
easier to develop pioneer access across the crest of Design Sector 4 by working north from
a midslope stage of excavation in Design Sector 3.

A major consideration in the sequencing of excavation is to minimize highway closures,
which will likely be limited to 15 minutes without advertisement, or up to 2 hours with prior
advertisement. Although a blast could be shot within a 15 minute closure, it typically
requires at least another hour to remove loose material from the blast that may pose a
hazard to motorists and to clear the highway. For the highest portion of the cut in Design

Sector 3, it would be very difficult and time consuming to make the slope safe unless there -

is 2 midslope bench as shown in Figure 10. However, once this bench is established, the
bulk of the excavation in the central through cut section could likely be carried out within
15 minute closures, except for benches 3B and 4B as shown on Figure 10.

Much of the excavation for the lower cuts situated in Design Sectors 1, 2, and 4 that are
adjacent to the existing highway will require closures longer than 15 minutes to ensure loose
material 1s adequately removed prior to passing traffic. The use of single lane traffic on the
northbound lane, with a catchment berm constructed on the southbound lane adjacent to
the cut slope will help minimize closure durations.

CONSTRUCTION SAFETY

As noted previously, ravelling of the overburden cut slope and loose collivial rock debris on
the slope poses one of the greatest hazards to construction crews excavating the rock cut.
This material must be stabilized, and temporary worker protection such as rock catchment
fencing installed if necessary, when the pioneer bench is first advanced across the slope and
there is still good access for construction equipment.

Vibrations from blasting and removal of support of the backslope by excavation will result
in some areas of marginal stability. Although the Contractor is ultimately responsible for
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construction safety, it is essential that procedures be in place to identify and rectify areas of
potential instability at the earliest opportunity. These measures should include:

« Thorough scaling of freshly exposed cut slopes.

 Inspection by the Contractor and Geotechnical Engineer following every blast and/or
during muck removal as necessary to identify areas of potential instability.

+ Implementation of remedial measures such as trim blasting or bolting prior to further
work below an area of suspect stability.

o Training of equipment operators through a mandatory safety program to identify and
immediately report any conditions of concern.

It is essential that areas of potential instability be identified and addressed in a timely
fashion when the bench is still at the elevation of concern and equipment can still access
the area from the bench or muck pile. If excavation is allowed to progress without first
addressing potential problem areas, the remedial work will be more costly to implement and
worker safety may be jeopardised in the interim.

Blasting may destabilize areas of the slope below the bench, which could pose a rockfall
hazard to motorists subsequent to the blast. Such failures are generally caused by:

o Down slope displacement of some of the muck pile, usually because the blast
configuration endeavoured to break more rock than could be retained on the bench, or
the delay pattern was not sufficiently biased to break towards the adjacent built road.

«  Ovetbreak of the blast along joints in the bedrock along the outside edge of the bench.
A reduced explosives loading should be used where there is a potential for instability.

+ Blasting vibrations can cause the marginally stable colluvial rock debris on the slope to
become unstable. Appropriate precautions include using a reduced charge weight per
delay to limit vibrations, and inspection/scaling of suspect areas after each blast.

In all of the above cases, the likelihood of a down slope failure can be minimised by using
carefully controlled and conservative blasting practices

7.3 BLAST DESIGN RECOMMENDATIONS

7.3.1  General

Careful blast design will be required to limit damage to the backslope, to create a useable
blast rock gradation for embankment construction, and to prevent flyrock from entering
Kluane Lake. As with any blasting project, blasting procedures (hole layout, loading, delay
patterns, etc.) will need to be modified on site on a blast by blast basis to obtain the best
results. This is especially true for the Sheep Mountain rock cut where the bedrock geology
is extremely variable over short distances. In addition, the layout and loading of holes along
the outer edge of each bench must be adapted to the local topography.

=
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Controlled Blasting techniques in general as outlined in Clause 22, Section 01010 of the
specifications for km 1664.0 to km 1674.2 of the Shakwak Highway Project (or similar
specifications) are generally appropriate for this project with a few exceptions or additional
requirements as noted in the following sections.

Wright and Hopky (1988) provide guidelines for the use of explosives near fisheries waters
that are followed by the Department of Fisheries and Oceans (DFO). These guidelines
have two requirements with respect to charge weight per delay. First, the weight of
explosives must be limited such that the instantaneous pressure change in fish habitat does
not exceed 100 kPa. Secondly, the weight of explosives must be limited such that the peak
particle velocity does not exceed 13 mm/s in a spawning bed. At each end of the project
where blasting will be closest to Kluane Lake (about 25 m minimum) the charge weight per
delay will need to be limited to 25 kg to meet the 100 kPa requirement. However, most
areas are at least 30 m from the lake, and in this case up to 35 kg of explosives could be
used.

EBA anticipate that the second criteria (maximum 13 mm/s peak particle velocity in a '

spawning bed) would not be applicable as it is unlikely the steep rocky shoreline would be
classified as spawning habitat. However, if this criterion did apply, the charge weight per
delay would be limited to as little as 4 kg at a distance of 30 m.

There are no nearby structures that might be impacted by blasting vibrations, and therefore,
the charge weight per delay need not be restricted for this reason. However, we
recommend that a maximum charge weight per delay of 35 kg be established for this
pro]ect to limit potential damage to the rock mass beyond the excavation lines and to
minimize instability of the colluvial overburden caused by excessive blast vibrations. A
reduced value would be required within 30 m of the lake to meet the DFO 100 kPa
requirement. For a powder factor of 0.75 kg/ m’ which may be suitable for most of the
rock at site, the 35 kg charge weight would limit the pattern size to 2.1 m x 2.7 m (burden x
spacing) for 8.0m deep holes detonated individually. This is also close to the maximum
pattern size that can be used efficiently with 8 m deep holes. A tighter pattern (or shear
line) with light loading could use two or more holes per delay.

As some of the rock produced by excavation will be used for embankment construction in
or near Kluane Lake, the explosives must produce a minimal amount of ammonia or similar
chemical residues that may be toxic to fish. Therefore, explosive products such as
Ammonium Nitrate and Fuel Oil (ANFO) must not be used for this project. There is a
wide range of products from various suppliers that fall into the category of “Dynamites”
(nitroglycerin based) or “Emulsions”. However, some of these contain a significant amount
of ammonium nitrate and thus should be avoided.

Backline Holes

In EBA’s experience, preshear blasting often produces mediocre results in the weathered
surface rock layer (first lift of excavation) due to overbreak along weathered discontinuities
and inadequate confinement. Thus we recommend that cushion blasting be used for the
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first one or two lifts of excavation until there is at least 8 m horizontally of rock
confinement in front of the backline before attempting preshear blasts.

Based on observation of some existing small diameter blast hole traces spaced about 0.8 m
apart, EBA believe smooth wall blasting can provide good results. Smooth wall holes
should be spaced at not more than 0.75 m and be loaded with a continuous, light explosives
load product such as “Primaflex” or similar. The “shear factor” (explosives load per unit
area of backwall) should be about 0.6 kg/m” as a starting point for preshear holes and 0.75
kg/ m’ for cushion blast holes. In order to limit blast vibrations, the preshear line should be
delayed with no more than 8 holes per delay, with a delay of 10 to 20 ms between each
group of holes.

For developing a pioneer access bench across the crest of the cut, the backline holes will
necessarily be drilled sub-horizontal. Due to limitations with most drilling equipment, there
will be a tendency for these holes to fan out, providing uneven spacing between holes. To
counter this tendency, the length of pioneer advance rounds should be limited to not more
than 5 m. In addition, the backline holes should be spaced not more than 0.6 m apart and
be loaded/delayed as a cushion blast.

Aside from the first lift of excavation, backline holes for all subsequent lifts must be
collared 0.3 m to 0.5 m away from the excavated face to allow for drill boom clearances.
The need to accommodate this “drill step-out” often causes confusion, especially with high
cuts, regarding whether or not the survey layout of the crest of the cut should be adjusted to
allow for multiple drill step-outs. Figure 11 provides clarification of the positioning
requirements for backline holes with respect to the overall design backslope line. A
maximum lift height of 8 m is recommended to minimize problems with misalignment of
the backline holes.

7.3.3  Production Bench Blasts
As noted above, the maximum charge weight per delay should be no more than 35 kg. In
addition, the depth of production holes should be limited to 8 m to coincide with the 8 m
limit on backline hole depth.

Production blasts should generally be delayed to break either north or south towards a
previously excavated bench to minimize displacement of the muck down the slope.
Likewise, the length of a blast along a bench as measured parallel to the highway should be
limited to about 15 m to ensure reasonable relief towards the excavated bench rather than
towards the highway. Near the top of the cut where the bench width is Iimited, this will
limit the maximum size of a blast to about 1,000 m’. Lower in the cut where the bench
width increases to 15 m or more, a blast volume of up to 2,000 m’ may be acceptable.

For normal production blasting with 8 m deep holes where good fragmentation is the
objective, a 2.1 m x 2.7 m (burden x spacing) pattern is about the largest that can be used
for practical reasons, but this would require a hole diameter of at least 90 mm to
accommodate the explosives. Therefore, a tighter pattern of 1.8 m x 2.4 m that can be

S
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managed with a 75 mm diameter hole size (depending on explosives) is recommended for
optimum production and fragmentation.

For maximizing the production of rip rap, a “square” pattern with equal burden and spacing
of about 2.1 m x 2.1 m, or even with burden slightly greater than the spacing, combined
with light loading, will provide the a coarsest possible gradation.

Estimated Blast Rock Gradation

It is understood that YI'G would like to use the blast rock from the rock cut for highway
embankment construction in or near Kluane Lake. Further, the predominant gradation
requirement will be for Class II size rip-rap material. For reference, the appro9ximate
gradations for Class I, I, and III rip-rap are provided on Table 4.

The gradation of the excavated material will be largely dependant on the geologic
discontinuities present in the rock, as well as the blast design. Table 4 provides an estimate
of the proportion of the three rip-rap classes which could be produced for each of the
argillite, quartzite and volcanic rock present at the site.

In general, it is anticipated that the argillite will tend to break along closely spaced bedding
planes, with the result that only a limited proportion of Class II or III material can be
produced, regardless of the blast pattern. In addition, the argillite may produce a relatively
high proportion of platey material which will be less stable (lower friction angle) for
embankment construction. In short, the argillite may produce a well graded rock fill but is
unlikely to produce durable, large sized particles suitable for rip-rap.

Conversely, it is anticipated that the meta-volcanic rock will produce a significantly greater
percentage of Class II material and some Class III material. Bedding planes within the
quartzite are sometimes quite conspicuous, and hence it is anticipated that this rock will
produce less coarse material than the volcanics, but more than the argillite.

The blasting patterns presented in Table 4 are intended as a starting point only, and will
depend on hole depth, the type of explosives used, and other factors. Table 4 also includes
an estimate of the bulking factor for rock which is blasted and then recompacted.

1200128 (2006 03 31) Final Report V2 _April 7, 2006.doc



1200128
March 2006
27

1IN

8.0 CLOSURE

This report has been prepared for the exclusive use of the Government of the Yukon. Use
of this report is subject to the Geotechnical Report General Conditions included in
Appendix D.

Recommendations presented in this report are based on engineering judgement and
The recommendations have been prepared in
accordance with generally accepted rock slope engineering practices and attempt to provide
practical and economic solutions with a reasonable balance between cost, benefit, and risk.

qualitative and quantitative analyses.

EBA trust that this report satisfies YI'G’s present requirements. We will be pleased to
provide any further assistance that may be needed during detailed design and construction
of the proposed remedial works. Please feel free to contact our office should you require
additional information or wish to discuss the findings and recommendations presented
herein.

Respectfully Submitted,
EBA Engineering Consultants Ltd.

Prepared by:

Scott Sylte, P. Eng. (B.C.)
Senior Rockwork Engineer
Direct Line: 604.685.0017 x252
ssylte@eba.ca

Date
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Senior Geotechnical Engineer,
Project Director
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GEOTECHNICAL REPORT - GENERAL CONDITIONS

This report incorporates and is subject to these “General Conditions”.

1.0 USE OF REPORT AND OWNERSHIP

This geotechnical report pertains to a specific site, a specific
development and a specific scope of work. It is not applicable
to any other sites nor should it be relied upon for types of
development other than that to which it refers. Any variation
from the site or development would necessitate a
supplementary geotechnical assessment.

This report and the recommendations contained in it are
intended for the sole use of EBA’s client. EBA does not
accept any responsibility for the accuracy of any of the data, the
analyses or the recommendations contained or referenced in
the report when the report is used or relied upon by any party
other than EBA’s client unless otherwise authorized in writing
by EBA. Any unauthorized use of the report is at the sole risk
of the user.

This report is subject to copyright and shall not be
reproduced either wholly or in part without the prior,
written permission of EBA. Additional copies of the
report, if required, may be obtained upon request.

NATURE AND EXACTNESS OF SOIL AND
ROCK DESCRIPTIONS

2.0

Classification and identification of soils and rocks are based
upon commonly accepted systems and methods employed in
professional geotechnical practice. This report contains
descriptions of the systems and methods used. Where
deviations from the system or method prevail, they are
specifically mentioned.

Classification and identification of geological units are
judgmental in nature as to both type and condition. EBA does
not warrant conditions represented herein as exact, but infers
accuracy only to the extent that is common in practice.

Where subsurface conditions encountered during development
are different from those described in this report, qualified
geotechnical personnel should revisit the site and review
recommendations in light of the actual conditions encountered.

3.0 LOGS OF TESTHOLES

The testhole logs are a compilation of conditions and
classification of soils and rocks as obtained from field
observations and laboratory testing of selected samples. Soil
and rock zones have been interpreted. Change from one
geological zone to the other, indicated on the logs as a distinct
line, can be, in fact, transitional. The extent of transition is
interpretive. Any circumstance which requires precise
definition of soil or rock zone transition elevations may require
further investigation and review.

4.0 STRATIGRAPHIC AND GEOLOGICAL

INFORMATION

The stratigraphic and geological information indicated on
drawings contained in this report are inferred from logs of test
holes and/or soil/rock exposures. Stratigraphy is known only
at the locations of the test hole or exposure. Actual geology
and stratigraphy between test holes and/or exposures may vary
from that shown on these drawings. Natural variations in
geological conditions are inherent and are a function of the
historic environment. EBA does not represent the conditions
illustrated as exact but recognizes that variations will exist.
Where knowledge of more precise locations of geological units
is necessary, additional investigation and review may be
necessary.
5.0 SURFACE WATER AND GROUNDWATER
CONDITIONS

Surface and groundwater conditions mentioned in this report
are those observed at the times recorded in the report. These
conditions vary with geological detail between observation sites;
annual, seasonal and special meteorologic conditions; and with
development activity. Interpretation of water conditions from
observations and records is judgmental and constitutes an
evaluation of circumstances as influenced by geology,
meteorology and development activity. Deviations from these
observations may occur during the course of development
activities.

6.0 PROTECTION OF EXPOSED GROUND

Excavation and construction operations expose geological
materials to climatic elements (freeze/thaw, wet/dry) and/or
mechanical disturbance which can cause severe deterioration.
Unless otherwise specifically indicated in this report, the walls
and floors of excavations must be protected from the elements,
particularly moisture, desiccation, frost action and construction
traffic.
7.0 SUPPORT OF ADJACENT GROUND AND
STRUCTURES

Unless otherwise specifically advised, support of ground and
structures adjacent to the anticipated construction and
preservation of adjacent ground and structures from the
adverse impact of construction activity is required.
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8.0 INFLUENCE OF CONSTRUCTION ACTIVITY

There is a direct cotrelation between construction activity and
structural performance of adjacent buildings and other
installations. The influence of all anticipated construction
activities should be considered by the contractot, owner,
architect and prime engineer in consultation with a geotechnical
engineer when the final design and construction techniques are
known.

9.0 OBSERVATIONS DURING CONSTRUCTION

Because of the nature of geological deposits, the judgmental
nature of geotechnical engineeting, as well as the potential of
adverse circumstances atising from construction activity,
observations during site preparation, excavation and
construction should be carried out by a geotechnical engineer.
These observations may then serve as the basis for
confirmation and/or alteration of geotechnical
recommendations or design guidelines presented herein.

10.0 DRAINAGE SYSTEMS

Whete temporary or permanent drainage systems are installed
within or around a structure, the systems which will be installed
must protect the structure from loss of ground due to internal
erosion and must be designed so as to assure continued
performance of the drains. Specific design detail of such
systems should be developed or reviewed by the geotechnical
engineer. Unless otherwise specified, it is a condition of this
report that effective temporary and permanent drainage
systems ate required and that they must be considered in
relation to project purpose and function.

11.0 BEARING CAPACITY

Design bearing capacities, loads and allowable stresses quoted
in this report relate to a specific soil or rock type and condition.
Construction activity and environmental circumstances can
materially change the condition of soil or rock. The elevation
at which a soil or rock type occurs is vatiable. Itis a
requirement of this report that structural elements be founded
in and/or upon geological materials of the type and in the
condition assumed. Sufficient observations should be made by
qualified geotechnical personnel during construction to assure
that the soil and/or rock conditions assumed in this report in
fact exist at the site.

12.0 SAMPLES

EBA will retain all soil and rock samples for 30 days after this
report is issued. Further storage or transfer of samples can be
made at the client’s expense upon wtitten request, otherwise

samples will be discarded.

13.0 STANDARD OF CARE

Services performed by EBA for this report have been
conducted in a manner consistent with the level of skill
ordinarily exercised by members of the profession currently
practising under similar conditions in the jurisdiction in which
the services are provided. Engineering judgement has been
applied in developing the conclusions and/ot
recommendations provided in this report. No warranty or
guarantee, express ot implied, is made concerning the test
results, comments, recommendations, or any other portion of
this report.

14.0 ENVIRONMENTAL AND REGULATORY ISSUES

Unless stipulated in the report, EBA has not been retained to
investigate, address or consider and has not investigated,
addressed or considered any environmental or regulatory issues
associated with development on the subject site.

15.0 ALTERNATE REPORT FORMAT

Where EBA submits both electronic file and hard copy
versions of reports, drawings and other project-related
documents and deliverables (collectively termed EBA’s
instruments of professional service), the Client agrees that only
the signed and sealed hard copy versions shall be considered
final and legally binding. The hard copy versions submitted by
EBA shall be the original documents for record and working
purposes, and, in the event of a dispute or discrepancies, the
hard copy versions shall govern over the electronic versions.
Furthermore, the Client agrees and waives all future right of
dispute that the original hard copy signed version archived by
EBA shall be deemed to be the overall otiginal for the Project.

The Client agrees that both electronic file and hard copy
versions of EBA’s instruments of professional service shall not,
under any circumstances, no matter who owns or uses them, be
altered by any party except EBA. The Client warrants that
EBA’s insttuments of professional service will be used only and
exactly as submitted by EBA.

The Client recognizes and agrees that electronic files submitted
by EBA have been prepared and submitted using specific
software and hardware systems. EBA makes no representation
about the compatibility of these files with the Client’s current
or future software and hardware systems.
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